L3 Lead Examiner Report 1801

‘BTEC
January 20138

Level 3 National In
Applied Science

Unit 3: Science Investigation Skills



Edexcel and BTEC Qualifications

Edexcel and BTEC qualifications come from Pearson, the world's leading learning
company. We provide a wide range of qualifications including academic, vocational,
occupational and specific programmes for employers. For further information visit our
qualifications website at http://qualifications.pearson.com/en/home.html for our
BTEC qualifications.

Alternatively, you can get in touch with us using the details on our contact us page at
http://qualifications.pearson.com/en/contact-us.html

If you have any subject specific questions about this specification that require the help
of a subject specialist, you can speak directly to the subject team at Pearson. Their
contact details can be found on this link:
http://qualifications.pearson.com/en/support/support-for-you/teachers.html

You can also use our online Ask the Expert service at https://www.edexcelonline.com
You will need an Edexcel Online username and password to access this service.

Pearson: helping people progress, everywhere

Our aim is to help everyone progress in their lives through education. We believe in every
kind of learning, for all kinds of people, wherever they are in the world. We've been
involved in education for over 150 years, and by working across 70 countries, in 100
languages, we have built an international reputation for our commitment to high
standards and raising achievement through innovation in education. Find out more about
how we can help you and your learners at: www.pearson.com/uk

January 2018

Publications Code 31619H

All the material in this publication is copyright
© Pearson Education Ltd 2018


http://qualifications.pearson.com/en/home.html
http://qualifications.pearson.com/en/contact-us.html
http://qualifications.pearson.com/en/support/support-for-you/teachers.html
https://www.edexcelonline.com/
http://www.pearson.com/uk

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, Pass and Near 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 (31619H)

Level 3

Grade Unclassified

Boundary Mark 0 8 17 28 39
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Introduction

Learners will cover the stages involved and the skills needed in planning a scientific
investigation:
how to record, interpret, draw scientific conclusions and evaluate.

Advancement in science and technology has produced great benefits for society. This
advancement depends on research and investigative approaches in science and
technology. In research, development, analytical and industrial laboratories, laboratory
technicians and scientists are employed to safely carry out practical investigations, or
follow prescribed laboratory procedures.

They repeat measurements to obtain consistent, reliable results. They use investigative
skills, including planning, recording and interpreting data, analysing and evaluating
findings in order to test a hypothesis to inform further research and development.



Individual Questions

Chemistry

Unit 3 report

This was the second time this paper was sat. Learners seemed slightly better prepared than in the
previous session. The majority had produced a good set of results from their diffusion experiments.

Learners that did well were able to plan, collect and use their data, analyze given data and evaluate
given results and methods. They were able to carry out calculations methodically, showing their
working.

Learners that did less well, did not always interact with questions sufficiently and therefore did not
answer the questions posed appropriately.

The first question, 1a, was generally well answered with the majority of learners being able to
tabulate their results with suitable headings and units and with all measurements recorded
consistently, including repeats.
1 (a) Record all your experimental results, including average time for the colour to
disappear, in a suitable table, using the space provided. Circle any anomalous

results.
(3)
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Learners that drew their table in different ways, still gained full credit.

SECTION 1

1 (a) Record all your experimental results, including average time for the colour to
disappear, in a suitable table, using the space provided. Circle any anomalous

results.
(3)
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Where learners lost marks, it was usually as they had given incorrect or missing titles as in the
example below or units. There were still a number of learners presenting units within the body of
the table rather than the headings, whilst accepted, learners should be taught that this is not good

scientific practice.
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Learners found question 1b quite difficult with many learners confusing accuracy with reliability,
discussing repeats, averaging and anomalies which were not creditworthy. Many learners failed to

explain their answers and therefore often scored just 2 marks.

Where learners gained credit, it was often for showing an understanding that their results were
made accurate by using the white tile to see the colour change clearly or for ensuring that clean
equipment was used each time to prevent contamination. The importance of reading from the

bottom of the meniscus and reading the volume at eye level was often discussed.
This learner scored two marks as they have stated that they used a pipette to get the acid exactly on

the meniscus line.

(b) Explain two ways you made sure your results were accurate when carrying out
the investigation.
(4)
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Learners gained no credit for references to repeats, averages and anomalies nor references to

controls.

(b) Explain two ways you made sure your results were accurate when carrying out

the investigation.
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In question 1d, learners found plotting the graph of average rate of diffusion again concentration of

acid difficult with only the best gaining full credit.



(d) Plot a graph of average rate of diffusion against concentration of hydrochloric
acid.
(3)
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Many learners did not read the question carefully and plotted a graph of time, rather than the
average rate of diffusion calculated in part 1c. Units were often missing or incorrect.
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Many learners did not consider their scale carefully and did not draw axes with linear scales but used
the values direct from their table. Learners found it very difficult to transfer their standard form
answers onto the scales. Of those that did draw correct, linear scales, often a very small proportion
of the graph paper was used. Learners should be taught to draw graphs so that their data takes up at
least half of the graph paper in either direction.
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Learners need to have more practice at drawing suitable lines of best fit to suit the data they obtain.
Many learners drew a straight line of best fit through points that clearly had a curved trend. Dot to
dot lines or scruffy lines of best fit were also often seen and some learners did not draw a line at all.

(d) Plot a graph of average rate of diffusion against concentration of hydrochloric
acid.

(3)
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In question 1e, the majority of learners were able to score 1 mark for being able to describe the

relationship between concentration of hydrochloric acid and the average rate of diffusion shown in
their graph.

(e) Describe, using the graph, the relationship betwean the concentration of
hydrochloric acid and the average rate of diffusion.
-d.l. __________ cvetmee cde.....ob... dffusie. _increcces. as.
He concendyadion oY I‘LL ....... .hflmd_\&q( ..... c..cm{ ................

i F\Crwfv{%

A few good learners described the graph in detail to get the second mark also.



(e) Describe, using the graph, the relationship between the concentration of
hydrochloric acid and the average rate of diffusion.
{(2)
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In some cases, learners stated that their data was directly proportional when this was not shown in
their graph and therefore did not gain credit.

In question 2, part bi, most learners were able to calculate the mean of the three figures given and
showed their working as directed in the question.

(b) Your colleague calculated three rates of diffusion for 2.5 M sulfuric acid.
The three rates they calculated were 0.0084 s, 0.0083 s and 0.0088 5.
(i) Calculate, using the three values, the average rate of diffusion for 2.5 M
sulfuric acid.

Show your working.

, 6034 0.008% +o0.0088 -
° - - (0, 0085 5"
2

In question 2b part ii, the majority of learners that attempted this question, gained some credit.

A good proportion of learners were able to score the full five marks available for calculating standa
deviation. These learners often set their work out well, showing the methodical approach they had
taken to get to their answer.

rd
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(i) Calculate the standard deviation for 2.5 M sulfuric acid.
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In some cases, learners forgot to take the square root of their final answer and so therefore scored 4
out of the 5 marks available. It is important to note here, that if this answer had been given but with
no marking, a mark of 0 would have to have been awarded rather than 4, so it is of the utmost
importance that learners are taught to show their working.
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(i) Calculate the standard deviation for 2.5 M sulfuric acid. Loan,

Show your working.
(5)
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Question 2ci was frequently misread, with many learners describing any similarities or differences in

the results themselves, rather than giving the reasons why these might have occurred.

Although many learners scored on this question, only the best scored the full three marks available.
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(c) (i) Your colleague used sulfuric acid instead of hydrochloric acid.

Give three other reasons for any similarities or differences between your
results and theirs,

(3)
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Question 2c ii The majority of learners were able to score at least 1 mark on this question for

understanding that the acid may have dissolved or reacted or corroded the agar. Fewer were able to
link this to the sulfuric acid being a high concentration.

(ii) Your colleague observed that the agar cylinder became smaller in the 2.5M
sulfuric acid.

Explain why the agar cylinder became smaller in the 2.5M sulfuric acid.

(2)
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Many learners repeated the stem of the question, stating that the agar cylinder reduced in size.

13



(i) Your colleague observed that the agar cylinder became smaller in the 2.5M
sulfuric acid.

Explain why the agar cylinder became smaller in the 2.5M sulfuric acid.
(2)
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In question 2d, many learners were confused as they referenced data of time of diffusion rather
than rate of diffusion and therefore found that the ‘rate’ got slower. Many learners tried to explain
their answer in terms of diffusion.

(d) Your colleague predicts:

“The rate of diffusion in concentrations of sulfuric acid above 2.5 M will be faster
than in lower concentrations.”

Comment on whether you think their prediction is correct.

Use your colleague’s results to support your answer.
4

\ do..not. . hunh. Imet . colfed

becaisse. . e rate. of. Ly %ﬂd an
_Slour._ o QWAWWM/CQAWMQA _—
N ncreanses Ar =) plcC)lmn 2rdodon. ..

LS 138 8 seoonabs

Learners found it hard to discuss the answer, often giving the data which supported the prediction
but then not going back to the question and explain how this might support the prediction.

(d) Your colleague predicts:

“The rate of diffusion in concentrations of sulfuric acid above 2.5 M will be faster
than in lower concentrations.”

Comment on whether you think their prediction is correct.

Use your colleague’s results to support your answer.
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(Total for C ion 2 = 16 marks)
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Learners generally performed well in question 3a with the majority able to gain at least two marks
for explaining how one variable was controlled.

In cases where marks were lost, this was often as learners did not read the question carefully and
explain why the variable was controlled rather than how it was controlled.

3 (a) Type of acid and alkali were variables that were controlled in your investigation.

Explain how two other variables were controlled in your investigation.
(4)
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In this example, the learner has given two controls but they have described why the variables were
controlled rather than how they were controlled, so scored just 2 marks.

3 (a) Type of acid and alkali were variables that were controlled in your investigation.

Explain how two other variables were controlled in your investigation.
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In question 3b, most learners linked high temperature to the reaction or diffusion happening faster,
of these a good proportion were able to explain that this was because the higher temperature
particles have more kinetic energy.

(b) Explain why temperature should be controlled when investigating the effect of
concentration of acid on rate of diffusion.
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Most learners were able to score some credit on question 3c for giving one or two ways to extend
the investigation, of these only the better learners were able to say give the further detail to gain the

third and fourth marking points.

Again many learners confused the idea of extension of the experiment with reliability and accuracy
and gave suggestions for alternative equipment that could be used in the same investigation or
simply stating to repeat the experiment again.

(¢) Your colleague extends their investigation by using a larger range of
concentrations of sulfuric acid.

Explain two other ways their investigation can be extended,
4)
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(Total for Question 3 = 10 marks)
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This example scored 3 marks for understanding that different shapes/sizes/surface area could be
tested. They also understood that changing the temperature is an acceptable extension to the task,
they gave detail that using a hot room or an oven to change the temperature which was accepted.

(€) Your colleague extends their investigation by using a larger range of
concentrations of sulfuric acid.

Explain two other ways their investigation can be extended.
(4)
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Physics
Lead Examiners Report
BTEC Applied Science Level 3 Unit 3 Section2

Section 2 of this paper consists of two questions which are taken from a different scientific
discipline to the questions in sectionl. In this paper section 2 is based on the physics that has to be
studied to cover the specification. The questions are designed to test two parts of the specified
content for the examination.

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 of data collection.

Question 5 gives a description of the method, results and conclusion of an investigation and tests
the ability of learners to use this information and make recommendations to improve the method,
determine sources of error, consider the reliability of data and evaluate the conclusions made.

Question 4

This is a level -based question using four levels of attainment. The attainment is indicated by a mark
out of twelve. 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.

The question gives the symbol for a diode and presents learners with the information that diodes
only allow current to pass in one direction in a circuit and that the potential difference that allows a
current to pass is called the threshold potential difference. Many learners did not appreciate that no
current will pass through the diode until the threshold potential is exceeded. A frequent error seen
in the hypothesis was that either there was a threshold current or that the current ceased to pass
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through the diode when the threshold potential difference was reached. Only a few learners
reversed the connections to the power pack or turned the diode in the circuit to show that current

only passes through a diode in one direction. Learners need to read the whole question and note the

guantities that are to change before attempting to produce a plan.

Learners are not expected to have prior knowledge of the investigation given in the question.
However, learners should be sufficiently familiar with the setting up of electrical circuits to enable
them to draw a circuit diagram or describe how a circuit could be set up. Learners should be
encouraged to draw circuit diagrams which show a voltmeter in parallel, to measure the potential
difference across a component and an ammeter in series, to measure the current in a circuit. A
circuit diagram with an ammeter and voltmeter in the correct positions indicates a good
understanding of the basic measurements to be made using electrical circuits.

The response shown below is awarded level 1. The learner has attempted to make a hypothesis but

does not appreciate that the threshold potential difference has a specific value of voltage, which

when exceeded will allow a current to pass through the diode. The learner gives a list of equipment

but does not attempt to describe the experiment but there is a reference to health and safety
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4 Diodes and conduction

Dinde
Diodes are semiconductor devices.

Diodes anly allow & current to pass in one direction in a circult (forward direction)

The potentlal difference (pad)) at which the diode will allow a current to pass Inthe
circult s called the threshold pd.

Write a plan to fimd the threshold p.d. and its direction to enable a current to pass.
Your plan should include the following details:

A 8 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 Fypothesis including:

the quantities to be measured

the number and range of measurements to be taken
how equipment may be usad

comrtrol variakbles

belef method for data collectlon analysis,
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The response shown below is typical of those awarded a level 2. The learner has attempted to
produce a hypothesis but this is incorrect. The list of equipment includes an ammeter and it is

stated that the ammeter measures the current but a voltmeter is not included. The circuit diagram

shows the ammeter correctly placed in series. The learner indicates that the power from a power
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pack would change the voltage this would allow some results to be taken although not enabling the
threshold voltage to be determined.

i N
SECTION 2
4 Dipdes and conduction
Dicde
Diodes are semiconductor devices,
Diodes only allow & current to pass in one direction in a circult (forward direction),
The potential difference (pud.) at which the diode will allow a current B pass in e
circult Is called the threshold pud,
Write a plan to find the threshold pd. and its direction to enable a current to pass,
faur plam should include the following detalls:
«  ahypothesis
+  selection and justification of equipment, techniques or standard procedures
«  health and safety associated with the investigation
+  methods for data collection and analysls to test the hypothesis Including:
+  the quantities to be measured
+  the number and range of measurements to be taken
«  how equiprment may be used
+  control varlables
+  brief method for data collection anatysis.
1z)
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(Total for Question 4 = 12 marks)
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The response below is holistically a level 3. The diagram indicates that an ammeter and a voltmeter
are used and these are both placed correctly in a circuit according to the circuit diagram. There is an
attempt to produce a hypothesis but this is incorrect. The learner has produced a plan with a logical
sequence but has not mentioned that the ammeter reading needs to be taken or that the lamp
would light up if the current was sufficiently large. However, changing the potential difference and
repeating the measurements have both been included.

SECTION 2

™~
rd —

Diode

—_

4 Diodes and conduction

Diodes are sermiconductor devices, Bienp = Custent
Wolks = P

Diodes only allow a current to pass in one direction in a circuit (forward direction).

The potential difference (p.d.) at which the diede will alkow a current to pass in the
circuit is called the threshald pd. .

Write a plan to find the threshold pud. and its direction to enable a current to pass.
Your plan should include the following details:

'..r“'"a hypathesis
< selection and justification of equipment, techniques or standard prn-ceﬁ;m
« health and safety associated with the investigation =33 =587 " H, e, current Yo

+  methods for data collection and analysls to test the mrspothﬂ: including:
= wikagt

= the quantities to be measured  Fer ecck
+the number and range of measurements to be taken
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ontrol variables
brief method for data collection analysis,
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The response below is awarded a level 4. The hypothesis is correct but does not mention reversing
the input to the diode. The method used to set up the circuit is described correctly but would have
been improved with a circuit diagram. The whole piece of work shows a comprehensive
understanding of scientific concepts and gives a rationale for the method which would allow a set of
results to be obtained as incremental increases in potential difference are included. It is also noted
that observations need to be repeated. The response is not perfect but there is sufficient to meet
the level 4 descriptors.

[

SECTION 2

]

Diode

4 Diodes and conduction

Ciodes are semiconductor devices,
Diodes anty allow a current to pass In one direction In & clroult (forward direction),

The potential difference (p.d.) at which the diode will allow a current to pass in the
circuit i called the threshald E.d

Write a plan to find the threshold p.d. and its direction to enable a current to pass.
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 analysls to test the ypothesis Including:

«  the quantities to be measured
» the number and range of measurements to be taken
+  how equipment may be used
«  contrel variables
«  brief method for data collection anakysis
' 12)
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Question 5

This question sets out the method, circuit diagram, results and conclusion for an investigation into
how the electrical power supplied to a resistor placed in a beaker of water affects the temperature
rise of the water. The question requires learners to evaluate the investigation described with
reference to method, results and conclusion. To do this, learners need to read the whole question
carefully and assimilate all the information given before attempting an answer.

The mark scheme is level-based, work being assessed at three possible levels. There is also
‘indicative content’ but it is not intended that all rewardable material is to be found in the indicative
content. It is only an indication of what learner might include in their answer and any other correct
answers must also be duly rewarded.

The level-based mark scheme requires that to gain level 2 ‘the conclusion must be mostly focused
and developed and draw on some of the information presented’, therefore if there is no conclusion
given only levell can be awarded. This caused problems for some learners as they ran short of time
and ‘conclusion made’ is that last of three things that the question asks them to refer to in the
evaluation. Time management was quite frequently an issue with the completion of this question.
Also, some learners did not refer to the conclusion given in the question but gave the conclusion
that they would make from the information provided. The validity of the conclusion given in the
guestion must be considered.

Most learners were able to identify inaccuracies in the method and suggest improvements to the
method. In evaluating the results obtained the most frequently seen answer was ‘there were no
repeats’ so ‘anomalies could not be found’ or ‘averages could not be taken’. The need to extend the
range of results or reduce the size of the increments was rarely mentioned. To achieve level 2 the
evaluation of the conclusion could be qualitative. This could be, agreement because there was
proportionality or doubt because of lack of data. For level 3 to be achieved learners needed to
support their evaluation using quantitative values to show proportionality and the lack of
proportionality for the readings above 36 W
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The response below is limited to levell. Although there is an evaluation of the method by
considering time and an evaluation of the results because ‘lack of repeats or averages ‘are
mentioned there is no evaluation of the conclusion.

The learner concludes that:

“Up to 36 W the increase in temperature s proportional to the power supplied.
Above 36 W the increase in temperature is no longer proportional to the power
supplied.”

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

+ method of the experiment
«  results collected
«  conclusion made.
{B)

Thwe rmermnasl 4o \EEnroEs ‘h-'li Bﬂur:hh- vp s e

A eremit armel 15 quﬂl‘L D=

for =nr capermentk livc

aflber Joless o leng  th b

Eheooae be meosvredd | g IG ks

retr the goee= waibn the

?fﬁi'ﬁw ahe s +em e recdiFy L aoilieche od

15 o o B 0 A B A

s = dtdl e

‘““-_.E__.rrhl". Q—’l‘-“l—i’ih danh C anbe't Aka qusr_ f:p-.rm
Sevlad L= done

v et T 11 1 1 ot e CRTAT CRCHE LT

27



The exemplar response given below is awarded a mark in level 2. There is an evaluation of the

method, results and conclusion but the conclusion does not include any quantitative support of the
comments made.

The learner concludes that:

“Up to 36'W the increase in termperature is proportional to the power supphied.
Above 36 W the increase in termperature i no longer proportional to the power
supplied”

Evaluate the learner’s investigation,
Your andwer should include reference to:

«  methad of the experiment
» results collected
«  conclusion made,
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The response given below is an example of a response worthy of being awarded a level 3 The

method, results and conclusion are evaluated and there is quantitative support for the evaluation of

the conclusion.

The learner concludes that:

U ta 36 W the Increase In temperature is proportional to the power supplied,
Above 36 W the increase in temperature is no longer proportional to the power
supplied”

Evaluate the learner’s investigation.

Your answer should include reference to:

+ methed of the experiment

+  results collected

) \ !:gé made (8)
M c.EL PouRC Seate ot ok ﬁmp
“ flace. Hhe TSR0 k., o glosS. m:ﬂ u.n'l#f_Pma. h:men’f.,
Fabed  vad. ocuch ookec 1S Oseded) ..

kmﬂum_rc&m Held use Ldnal 40 uSe. e@ﬂm

._lﬂ__ tﬁ:ua e PNREE w0 Fhe wndee forafen saaubes
ot rouent spechied. He. oot Of munufes 40
feoue ki R, BBAACA g Hoe e, )5S, A0
\h_% .....................................................
_____ ekange. He output, witoge Hom Hhe. . giec &%
The... cncivitou.. had mot fold UG what. eadumrent

40_charge e Cut. ad. wolege.

The® . a®. ro._eenSu@nertS 4o Fallon) . 1o oddatson
o paunnrerS 40 Sebup  The. ﬂlmﬂm‘ib Gmi:cﬁ*\uj w.rh,

—
We... t:un‘ﬁ Zee LP HHE_Q.& oy ookl B

29



' =y

e 0o fQnt el m nMu.ts@ #@j
M@imsmwmmm ....................
u?ﬂbah% Bee neRoSE . ﬁsampemm =N mm
nerense 'S e loger fupdiom) 4o Fhe. fnect Hug
(forcSion s saoreck. S 1. He. PSS, TS
A o0 uncfSe. o e, 105 aeh bone, HREL
L T2 B, s S T—
26w Hhe. GeropEioture. oy URRES. By FE ana.

O o O CE G wand Mﬁ_uwmummﬂt .....
NS atve guee of @ en ket & d ..

T B A B 0 I A P B B B B RN LA

s emy

R S B A i

{Total for Question 5 = B marks) g

To improve the answers given in section 2 of the paper learners should :-

Ensure that sufficient time (30 mins) is left to complete the section
e Read the questions completely, if necessary more than once.
Question4
e Note the variables
e  For electrical circuits draw a circuit diagram;
o State meters or instruments used to make measurements
o State what these meters or instruments will measure.
e Use bullet points to describe the method
Question 5
o Make sure the conclusion is evaluated.

e Use quantitative support to evaluate the conclusion where possible.
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Summary
e Thisincludes LE recommendations, e.g. Based on their performance on this

paper, learners should: (then include between five and ten bullet points)

If appropriate, refer and link to the specification and/or sample assessment

materials (SAMs) located on the BTEC Nationals qualification webpage
located here

Ofqual


http://qualifications.pearson.com/en/qualifications/btec-nationals.html

For more information on Edexcel qualifications, please visit
http://qualifications.pearson.com/en/home.html

Pearson Education Limited. Registered company number 872828
with its registered office at Edinburgh Gate, Harlow, Essex CM20 2JE
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