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Introduction

This paper covered aspects of AS and Advanced GCE biology, including eight of the sixteen core
practicals. A wide variety of indirect practical skills were tested, including commenting on
experimental design and evaluating scientific methods, identifying variables, interpreting graphs
and processing data.

It was very pleasing to see that so many candidates were able to confidently apply their biological
knowledge to new situations, and to write about these using appropriate scientific language.
However, some candidates did not provide enough depth in their answers, so they lacked the
necessary detail for success at this level. This was particularly true for questions which required
candidates to suggest improvements or to justify them.

Many candidates were able to cope well with the mathematical demands of the paper, clearly
setting out their working and achieving a correct final answer. Those who did not, sometimes
read information incorrectly from graphs, and this is an area which could be improved for some.

Questions requiring extended writing, eg the nine-mark, levels-based question and some four
and five mark questions showed that many candidates have the ability to organise their answers
logically, setting out the key points and building a narrative or argument. They were able to
combine their biological knowledge with their understanding of real world situations to produce
some excellent and thoughtful answers.

It is clear that much of the advice given after the 2024 exam series has been followed, and most
candidates were able to access all questions. Overall, candidates did well on this paper, and both
centres and candidates are to be commended for the hard work they did in preparing for it.
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Question 1(a)

Question 1 tested the candidates' ability to use the information given in a diagram to comment
on several aspects of yeast cell biology.

QO01(a) required them to calculate the magnification of a diagram when given the actual size of
the cell in micrometers. This is part of Core Practical 2: use of the light microscope. While many
scored both of the available marks, some candidates were unable to make the conversion
between cm or mm and pm.
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1 Saccharomyces cerevisiae (yeast) is a single-celled organism widely used in brewing
and baking.

The diagram shows a drawing of a yeast cell, as seen using an electron microscope.

cytoplasm containing

cell surface glycogen granules

membrane

nucleus containing 16
linear chromosomes

cell wall made of
chitin and mannose

vacuole

mitochondrion

(@) The actual size of the cell measured from point A to point B is 6um.

Calculate the magnification of this yeast cell.

Give your answer to the nearest whole number. A-B: 6Som
‘ - (2)
= 6Smm
1 ¥ x10m0
64000
':_ e — _: l K
At o 033333 6S000 M
M =o0b32

ResultsPlus

Examiner Comments

This candidate correctly measured the distance between A and B as 6.5 cm and converted
this to 65000 pm. This was the image size.
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They went on to divide the image size by the actual size (given in the stem of the question),
and gave the answer to the nearest whole number, scoring both marks.

V \ ResultsPlus
\

| Examiner Tip

If you are given an instruction, eg Give your answer to the nearest whole number, make
sure you follow it - you will lose marks if you don't.

(a) The actual size of the cell measured from point A to point B is 6 um.
Calculate the magnification of this yeast cell.

Give your answer to the nearest whole number.
(2)

e L . €399 0833
E-Sam S A ¢

N '{ ResultsPlus
/‘--.. Examiner Comments

This candidate correctly measured the distance between A and B as 6.5 cm, but did not
correctly convert this to pm, so they did not score mp1.

This meant that the final answer was a factor of 10 out.
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s ResultsPlus
\_/

) Examiner Tip

Converting between Sl units is an important part of A level biology - make sure you know
how to do this.

(a) The actual size of the cell measured from point A to point B is 6 um.

Calculate the magnification of this yeast cell.

&l

Give your answer to the nearest whole number.

Aah Tmage Q& < 65mm w000 F 6O
T Achiad S = Gum

A XM 65200 S 083 3

Answer _1QR3.3%

ResultsPlus

Examiner Comments

This candidate correctly measured between A and B as 65 mm, and correctly converted this
to 65,000 pm. This scored mp1.

However the answer written on the line was a factor of 10 out. It was also not written to the
nearest whole number.
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The diagram shows a drawing of a yeast cell, as seen using an electron microscope.

cytoplasm containing

cell surface glycogen granules

membrane

nucleus containing 16
linear chromosomes

cell wall made of
chitin and mannose

vacuole

mitochondrion

(a) The actual size of the cell measured from point A to point B is 6 um.

£.9cm

lculate th ification of thi t cell.
Calculate the magnification of this yeast ce - ¢amm

Give your answer to the nearest whole number.
Mag = &8l . gq9¢0
n [
UL U

(2)

Answer x €33

: ResultsPlus

Examiner Comments

This candidate ignored the instruction to measure between A and B and measured the
whole length of the budding cell. They carried out the rest of the process correctly but, not
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surprisingly, their final answer was wrong.
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Question 1(b)

In Q01(b) candidates were asked to draw the cell as it would appear if viewed with a light
microscope at high magnification. This is part of Core Practical 2: use of the light microscope
including drawing small numbers of cells.

We expected to see the correct shape of cell, drawn with clear lines and no shading or hatching.
The nucleus and/or vacuole should have been drawn, but no mitochondria or smaller structures,
eg ribosomes, as these would not be visible with a light microscope.

Generally this was done well, but many candidates lost mp2 for including mitochondria.

(b) Draw this yeast cell as it would be seen using a light microscope at
high magnification.

Labels are not required.
(2)

s,
\' Y

¢ / ResultsPlus
/'--'. Examiner Comments

This was an example of a response scoring both marks. The shape is good enough, and the
lines are clear. The nucleus is present and there are no small structures included.
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(b) Draw this yeast cell as it would be seen using a light microscope at
high magnification.

Labels are not required.
(2)

/ ResultsPlus

Examiner Comments

This response scored mp1 but not mp2 as mitochondria, Golgi apparatus and ribosomes
were included.
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(b) Draw this yeast cell as it would be seen using a light microscope at
high magnification.

Labels are not required.
(2)

_ ResultsPlus

Examiner Comments

This response did not score either mark.
The shape is incorrect, and there is shading, so not mp1.

Ribosomes and mitochondria are included, so not mp2.

GCE Biology B 9BI0 03
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Question 1(c)(i)

QO01(c) told candidates The information in the diagram can be used to classify yeast. They
were asked why yeast is classified as eukaryotic not prokaryotic.

We expected candidates to look at the diagram, read the annotations and use this information to
pick out a eukaryotic feature, eg presence of a nucleus, presence of membrane-bound organelles,
a cell wall made of chitin and mannose.

Alternatively, candidates could name a prokaryotic feature which it did not have, eg cell wall is not
made of peptidoglycan / it has 16 chromosomes, not a looped chromosome.

Where candidates chose to give two features and one was incorrect, eg yeast has a nucleus and a
cell wall, no credit was given.

This was well done, with over 90% scoring the available mark.

(¢) The information in the diagram can be used to classify yeast.

(i) State why yeast is classified as eukaryotic not prokaryotic.

(1)
\ttaﬂmmsmemnmm,boundorganwm)summ __________________________________________
e A0 OLEOCRONALION. e
I\ 7
\/ ( ResultsPlus
/'--.. Examiner Comments
This is a clear answer for one mark.
(c) The information in the diagram can be used to classify yeast.
(i) State why yeast is classified as eukaryotic not prokaryotic.
(1}

e 00O 0SS O MMCARS - MOy ReN
d\m\\\r\m‘laV\\L‘-\‘Q&k\}Q\k\m‘\j\bm\aD

N { ResultsPlus
/---. Examiner Comments
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Another correct answer for one mark.

(¢) The information in the diagram can be used to classify yeast.

(i) State why yeast is classified as eukaryotic not prokaryotic.

ResultsPlus

Examiner Comments

This response scored zero - while it is a biologically correct statement, it does not answer
the question. In addition, it does not use information from the diagram.

GCE Biology B 9BI0 03
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Question 1(c)(ii)
QO01(c) told candidates The information in the diagram can be used to classify yeast. They
were asked why yeast is not classified as a plant.

There were several possible correct answers to this:

+ yeast has a cell wall made of chitin and mannose (not cellulose)
+ yeast has glycogen granules (not starch grains)

+ yeast has no chloroplasts

+ yeast is single-celled / plants are multicellular or have roots, stems or leaves.

(ii) State why yeast is not classified as a plant.

(1)
|0-6T &

,--":;\

N { ResultsPlus
/--.. Examiner Comments

A correct answer for one mark.

(i) State why yeast is not classified as a plant.

N '{ ResultsPlus
/---.. Examiner Comments

Another correct answer for one mark.

(ii) State why yeast is not classified as a plant.
(1

.......... 'S cRM MW oh .. M ockd. Of . CAWN..And. MO0 ... 00 CEUULOSC o,
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a\ -
ResultsPlus

Examiner Comments
An alternative correct answer for one mark.
(ii) State why yeast is not classified as a plant.

(1)

R S S - N - N = NN N~ T = i L W = W, i S A~ TSP

a\ o
ResultsPlus

Examiner Comments
This answer demonstrates a misconception shared by several candidates: that plants

photosynthesise and do not respire. It scored zero.

(i) State why yeast is not classified as a plant.
(1)

a\ -
ResultsPlus

Examiner Comments

Another variant of the same misconception; that plant cells do not contain mitochondria.
Once again, scoring zero.
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Question 2(a)(i)
Q02 tested candidates' knowledge of nerve transmission.

In Q02(a)(i) they were asked to add an arrow to a diagram of a synapse to show the direction in
which the nerve impulse travels. Almost all were able to do this correctly.

2 Where two neurones meet they are linked by a synapse.

(@) The diagram shows the structure of a synapse.

vesicle
O
5O
O

o

FO

- axon

O

o]

o @ mitochondrion

(i} Draw an arrow on the diagram to show the direction in which the
nerve impulse travels.

(1)

y/iResuits’F’lus
Examiner Comments

Correct direction for one mark.
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Question 2(a)(ii)

Candidates were asked to describe the role of acetylcholine in synaptic transmission. There were
four marking points for three available marks:

* (acetylcholine) released from vesicles (into synaptic cleft) / vesicles fuse with pre-synaptic
membrane / exocytosis (of neurotransmitter)

* (acetylcholine) diffuses across synaptic cleft
+ attaches / binds to receptors (on post synaptic membrane)

+ this causes sodium ions to move into (post synaptic) neurone / an action potential /
depolarisation (in post synaptic neurone) / opens Na* channels.

Most candidates did well on this question, scoring two or three marks. The most common
problems were misconceptions about vesicles diffusing across the synapse, or nerve impulses
diffusing across the synapse.

(i) Describe the role of acetylcholine in synaptlc transmission
be. hosowaf e 53)

............ A .oz.!(\ah_\«okzw, (5. On mmWHer s oo mgulse.
G&k \@]L.n.ehdo mmmc W%c.'l%\o).
................... Ve G L,\mwwh cgsz.h& Mag .
C s sbwmm\&; VL% mm\rmd ww
Lol Wa QMWML ........ AN \omM.L ........ omndh. be

:...ﬁehm W Jou,.. e u(wrc @u

cligwts down ‘W Lo ﬁm.& lo MWM\’L V’W\ﬂ\)
So v Ctam Ltbc.(fmwd\o
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a\ -
ResultsPlus

Examiner Comments

This candidate scored mp1, 2, 3 and 4 and included further details which were not needed
to achieve the marks.

Avery clear and comprehensive answer achieving full marks.

(i) Describe the role of acetylcholine in synaptic transmission.

ResultsPlus

Examiner Comments

This response scored mp3. It came close to mp4 but did not score because it refers to
sodium channels, rather than sodium ion channels.
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Question 2(a)(iii)

Candidates were asked to state the role of the mitochondria in synaptic transmission. There were
two things needed to achieve the mark available:

+ the idea of producing ATP

« a named use linked to synaptic transmission, eg synthesis of neurotransmitter / exocytosis /
movement of vesicles to membrane.

(i) State the role of the mitochondria in synaptic transmission.
(1)

e QIO A0S QPRI R BT

ResultsPlus

Examiner Comments

This answer is correct but incomplete, because there is no reason for the ATP stated.

(iii) State the role of the mitochondria in synaptic transmission.
(m

ANALED LA e CC0Y LAY L. R KMNQY ATR 4.
RELR mbenbitiog

N\

ResultsPlus

Examiner Comments

This answer mentions ATP and gives a suitable use for it, so scores one mark.

(iii) State the role of the mitochondria in synaptic transmission,
(1}

mvn\tmm%WxxM\mﬁm\)Q_%\%%%
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N
ResultsPlus

Examiner Comments

This answer also scores a mark.

(i) State the role of the mitochondria in synaptic transmission.
(1)

U&‘l‘mr(sov\u*s}:‘H—Ln@f"‘fdhfﬁ}kfpp/‘//hf}m

AN
ResultsPlus

Examiner Comments

Although this is correct, there is no mention of ATP so this response does not score.

20
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Question 2(b)

Candidates were asked to explain how the myelin sheath speeds up the transmission of nerve
impulses.

Almost all were able to score at least one mark, with saltatory conduction being the most
commonly seen correct response. Where candidates tried to describe the process (rather than
naming it) some showed their lack of understanding, with several thinking that the impulse jumps
over the nodes rather than between them.

The other mark was for the idea of myelin being an insulator. Again, some candidates showed a
shaky understanding by stating that it was a thermal insulator, which did not get credit.

(b) Some neurones have a myelin sheath around them. M rhe velitw.

Explain how the myelin sheath speeds up the transmission of nerve impulses.
(2)

T MYlin  Sheath  camies Sallatory
Oonduction...as. (0hS...can. . only. moye. .lh....
ana . out ak the  nooes. . o€ RanViéde......
Adue. to.. the hipleting.. . Propétfies. af. . . . .
e Sthwownn @S- Tnis. méans tac . . .. ..
mpuise yumpes. Eotween. N0HL o€
Rantier, QQPLLA(NQ ILLP 4 (Totalfor Question 2 = 7 marks)

W lmpﬂ/f’é’

N

N { ResultsPlus
/--.. Examiner Comments

This strong answer scored both marks.
Mp1 on line 4 for the insulating properties of the Schwann cells.

Mp2 on lines 1-2 for saltatory conduction and again on lines 6-7 for the description of the
impulse jumping between nodes of Ranvier.

GCE Biology B 9BI0O 03 21



(b) Some neurones have a myelin sheath around them.

Explain how the myelin sheath speeds up the transmission of nerve impulses.

_ ResultsPlus

Examiner Comments

This answer scored mp1 on line 1.

It did not score mp2 because they have described the impulse jumping over the nodes of
Ranvier instead of between them.

22
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Question 3(a)
QO3 tested candidates' understanding of photosynthesis and included Core Practical 10.
QO03(a) was an unfamiliar context.

Candidates were given a scenario where a filamentous alga had light of different wavelengths
shone along its length, meaning that some areas would photosynthesise better than others. They
were given an action spectrum for this alga, showing at which wavelengths the rate of
photosynthesis was highest.

They were also told that the alga was surrounded by bacteria which would move to areas of high
oxygen concentration.

They were asked to complete a diagram to show the position of the bacteria at the end of the
investigation. Around half of candidates scored both marks by drawing two clumps of bacteria,
each corresponding to one of the peaks on the action spectrum, where oxygen production would
be highest.

GCE Biology B 9BI0O 03 23



3 The wavelength of light affects the rate of photosynthesis.

(a) The graph shows an action spectrum for a filamentous green alga.

4
Rate of
photosynthesis
/au,
1 I ¥ 1
400 500 600 700 800
Wavelength / nm
A scientist investigated the effect of wavelength of light on the rate of
photosynthesis using this alga.
PTRTESYTTE

Filaments of the alga were placed on a microscope slide in water containing
bacteria that move to areas of high oxygen concentrations. 4 ya ¢ pnoto~ 0
i pa sy

Light of ::liﬂe_g_emmge;l@gtr\_swas shone onto different parts of the filament and
the positions where the bacteria accumulated were recorded.

The diagram shows the position of the bacteria at the start of the investigation,
and the wavelengths of light shone onto the parts of the filament.

Complete the diagram to show the position of the bacteria you would expect at
the end of the investigation.

{2}
. . . /bamria
Start of (—-W e filament of al
) D D D ga
investigation — " T T T 0 . -.}"‘_
- :.' ew :"‘. ]
End of ROy, el
investigation G:B::I. T e ..I.. " .i S .I- ...]d..I:ID..
T s
1 1 T T 1
400 500 600 700 800 -
Wavelength / nm

24
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.'\ o
ResultsPlus

Examiner Comments

This response is what we were hoping to see from candidates.
There are two clumps of bacteria:

+ one clearly between 400 and 500nm

+ one with a peak around 690nm.

‘ - - __,__f""bacteria
Start of SN A filament of al
) D D D G ¢ X ) ga
investigation ] e et et ..]F_’4
End of T O T T
investigation D GHib GHib GHib b GHD GHb ¢ )
I 1 I 1 ]
400 500 600 700 800
Wavelength / nm

.'\ -
ResultsPlus

Examiner Comments

This candidate also scored both marks. We were happy to accept the bacteria drawn both
above and below the line, or drawn in one of these areas only, as long as the peaks were in
the correct place.

GCE Biology B 9BI0 03
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etign e e e ' filament of alga
Investlgation{. _I _I I“I_'I' .l X I 1 1 },——

eo . S . @vda
‘DO L} o ﬂcoaﬁosﬁ
Endof 0% 0 06 60 2, %800
(D G G G (I D | ) D D
investigation I T °of, 0. .8
- 6 5% 0 g °s
lﬁboo III llb - : Iab 1
400 500 600 700 800
Wavelength / nm
a\___
ResultsPlus

Examiner Comments
This candidate scored mp1 for the clump of bacterias between 400 and 500nm.

They did not score mp2 as the peak was around 750nm, ie too far to the right.

Examiner Tip

\ \ ResultsPlus

This candidate understood the biology of the question, but lost the second mark as their
drawing was not precise enough.

Take care when completing diagrams like this and use the scale underneath the alga to
position the peaks correctly.

26
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) ) ) e bacteria

Start of (_LI""I-. SRS filament of alga
investigation T I. .I. I ,.I _.I_ I I I., --]}'/

End of L
investigation “—* X _1_ X _IH ) D GHID G G
400 500 600 700 800

Wavelength / nm

~ { ResultsPlus
/--.. Examiner Comments

This response did not score because the clump of bacteria lines up with the lowest rate of
photosynthesis on the action spectrum, where the concentration of oxygen would be
lowest.

A
e,

s ResultsPlus
<)

| Examiner Tip
If you are given an unfamiliar context, use the information in the stem to help you.
Here candidates were told:

+ that this question was about the rate of photosynthesis
+ at which wavelengths rate of photosynthesis was highest
+ that bacteria would move to areas of high oxygen concentration.

The missing piece of information that linked this together was that most oxygen would be
produced in the areas where rate of photosynthesis was highest.
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3 The wavelength of light affects the rate of photosynthesis.
(a) The graph shows an action spectrum for a filamentous green alga.

L

Rate of
photosynthesis
[ a.u.

1 I 1 1

400 500 600 700 800
Wavelength / nm

A scientist investigated the effect of wavelength of light on the rate of
photosynthesis using this alga.

Filaments of the alga were placed on a microscope slide in water containing
bacteria that move to areas of high oxygen concentrations.

Light of different wavelengths was shone onto different parts of the filament and
the positions where the bacteria accumulated were recorded.

The diagram shows the position of the bacteria at the start of the investigation,
and the wavelengths of light shone onto the parts of the filament.

Complete the diagram to show the position of the bacteria you would expect at
the end of the investigation.

{2)
) . . /fbacterla
start of m.l_l e :I. I_'r““) - filament of alga
investigation —— — ... .. I ..}’" ’
: €
End of i
investigation

Wavelength / nm
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\-\.

N / ResultsPlus
/'--.t Examiner Comments

Although this candidate understood that the bacteria would cluster around the alga, there
was no indication that there would be more around 440nm and 690nm (at the areas where
rate of photosynthesis would be highest).

GCE Biology B 9BI0 03
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Question 3(b)

Candidates were asked to describe how to modify and use equipment (pondweed under a funnel
in a beaker of water) to find the optimum wavelength of light for photosynthesis. This was Core
Practical 10: investigate the effects of different wavelengths of light on the rate of photosynthesis.

There were three key things to consider:
* how to change the independent variable: here the use of coloured filters was most
appropriate

* how to measure the dependent variable: the most straightforward way was to collect and
measure the volume of oxygen produced in a given time

* how to control variables to ensure the investigation was valid: temperature, light intensity,
availability of carbon dioxide and mass of pondweed were all important.
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Describe how you could modify and use this apparatus to find the optimum
wavelength of light for photosynthesis of the pondweed. K o & W sowre,

........ Ao vJ:LDB Lo CWQCLI‘-—Q “’\L .

L e o closer }DM SN
M} of S v&e&clwqmmwu Nrekly

M le vode \u\nb\ﬁv\MAhS) S Sk
™ @;\;‘M&;&Mbmis is mm:x:}iﬁ fhdagst i e
ety

iﬁ ResultsPlus
Examiner Comments

This candidate scored full marks:

* mp1online1

* mp6 pieced on lines 2-3 (volume of oxygen produced in 20 minutes) and line 6 (gas
syringe)

* mp3 above line 3 for the idea of equilibrating for 10 minutes
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« not mp7 for controlling leaf area, as this would be too difficult to do
* mp2 on lines 9-10 for the method of controlling temperature

* mp7 on lines 11-12 for controlling light intensity.

(b) The diagram shows apparatus that can be used to study the effect of light on
photosynthesis in pondweed.

water
«+—— light source

(49'33’504'\

pondweed

Describe how you could and wse-this apparatus to find the Sptinmmm
wanelengtiroflightfor photosynthesis of the pondweed.
(5)

st co.nm kDA DR D002y ube. unbhn. 0. weoSWONg. (BUNOLE. ...
02 o CapuULCy habe wum (ofoured LQwad anumguuﬁ

__......a,p.mr.mn.,...,m...n.....b.e,u,u.ﬂ.l..,.o.i..,.,w.w‘[,ﬂ..mw ..... e ..qu.....S,nu.!.u...,Q..,.&Lxeu....,,.,,,,.,,,.m..nqni.&u‘
bR k. pOnCWe 0. VSe S o etk LOMMLA UL
LSOO 4. 00 QAL SO CLL. 1D 00XQLN. . OMHErHAA . W OVEENOWS  of U
-Moug. Sure e 0. 0. Dung. Ottoci. o (0. 0ue.. cledtiely FUke. . SO GOS LN ..o
...um.p,e..k....m...nu.a.;um.....m.tg....nf......pm:..ms.u..mm,..._mM.nm....m.....,m.m..».._........._,...........
of.01 procumad  ( waty. cuspiacd. ). i 5 mawrs,, Youmyust add
S e0lLum. MYCegen. carbomedle...co. ML, pencluRecl. 80.. L0t 0L UMIANGD. ...

& mean
Fmeamcotuuma,&mr¢d03mpemrmdfammw

MOLume.. OY0 ML O cundl. COLLULON.. 0OR0. DY ALY, .ot S IS o

e e Sran Caliy.con ol d. . wW.ody badn. .. MAuUR SULNC... . TKO. SOLKL..SA0DD.ovoe
~DN0CA.SPOURD. . OF. ponclnge ¢ (.. Use .. Lach LD, RUN.Q..CONMIO. Cx pNICUA. ..............

o AT 10 HOACL.. L0 0N Dp S1 e, LAAT. A .G.LX PN 0. W ONCLNGIN OF........

Ugw vs rake 0f prororynnwgys, Danmum wowngM W greddt rot ot
phe TYN M
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%
b Y,

N / ResultsPlus
/'--.'. Examiner Comments

Another very strong answer scoring full marks, with six of the seven marking points:

* mp6 on lines 1-2 for dependent variable

* mp4 on lines 3-4 for excluding ambient light

* mp1 on lines 4-5 for filters

« mp3 on line 9 for sodium hydrogen carbonate
* mp2 on lines 12-13 for controlling temperature

* mp7 on lines 13-14 for mass of pondweed.

GCE Biology B 9BI0 03
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(b) The diagram shows apparatus that can be used to study the effect of light on
photosynthesis in pondweed.

water

<+—— light source

pondweed

Describe how you could modify and use this apparatus to find the optimum
wavelength of light for photosynthesis of the pondweed.

(5)
.,Rp,p..ea.t...........im....‘..ex‘ne.mmﬂ.n..t...........u..;;.n.q........,.m&m..m‘._.._...._.._...._...

£ilterS  for thé. gt YWwie betng. Ped, .

<<<<<<<<<<<<<

?; 'E:[Wg fqr eam wa,mLmqm
Lot the. wmamber. g buoles.  Proditces
Ah S muautes ,  lealng S mialltes. .
letwen  applying. the  filture anda.
WAl nring. so. amew the plap? to adyus?
H_the  woskedeng th MLQI . 1he.
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\'/ / ResultsPlus
/'--.'. Examiner Comments

This candidate attempted to describe the independent and dependent variables, but did not
consider controlled variables.

They scored mp1 on line 2-3 for using filters to change the wavelength of light.

They did not score mp6 for the description of counting bubbles, measuring the radius of the
bubble and calculating the volume from this, as it would not be practically possible.

They scored mp5 on lines 6-9 for the description of acclimatising.

4\ ResultsPlus
\ Examiner Tip

At A-level, counting bubbles is not a suitable way to measure the rate of photosynthesis. You
should collect the oxygen produced and measure the volume.
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Question 3(c)

Candidates were asked to explain why plants have a variety of photosynthetic pigments; more
than half scored both available marks.

The most commonly seen answers were mp1 for the idea of absorbing different wavelengths
and mp2 for the idea of more light being used in photosynthesis or a faster rate of
photosynthesis.

Mp3 was very rarely seen.

() Explain why plants have a variety of photosynthetic pigments.
(2)

CTWey ane bl {o abSorb a wider rangé
04 Wavelengths of  UQnt , meanitng. they.. . .
Lo aximise yates of . phatelyntiesis -

7
¢ ResultsPlus
Examiner Comments
This was a typical response scoring mp1 and 2, here for the idea of maximising rate of

photosynthesis.

(c) Explain why plants have a variety of photosynthetic pigments.

............. /gGMQTM Bilede—ert v
....................... gassibb,maa\awbanu
........................... }ana-fxak&waulmbu,}uﬁubwﬂwns

\(/K ResultsPlus
Examiner Comments

This response also scored mp1 and 2, this time for the idea of more light available.
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(c) Explain why plants have a variety of photosynthetic pigments.
(2)

..... Plancs hove eyolvea. o Qossess
mca.r\tjpmm&anthe.bigptsmmtﬁ\n
OrOex.. L—mm.mughm‘%i_jnthem&

: ResultsPlus

Examiner Comments

This answer, whilst on the right lines, was too vague to gain credit.
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Question 4(a)(i)
Q04 tested candidates' knowledge of genetics, specifically red-green colour-blindness.

QO04(a) related to humans; candidates were given a family tree and asked to deduce the
genotypes of four individuals.

In QO04(a)(i) candidates were told that the gene for colour vision was located on the X
chromosome and that the allele for red-green vision (X®) was dominant to the allele for red-green
colour blindness (X°). They were asked to state all the possible genotypes of females.

Almost all candidates were able to achieve this mark. Those who did not showed a variety of
misunderstandings.

4 Red-green colour blindness is a sex-linked condition.
(@) In humans, the gene for colour vision is located on the X chromosome.

The allele for red-green vision (X®) is dominant to the allele for red-green
colour blindness (X®).

(i) State all the possible genotypes of females.

\/ / ResultsPlus

Examiner Comments

This is what we were expecting to see. The three possible genotypes are clearly stated for
one mark.

_______________ x°y ¢y

\/ / ResultsPlus

Examiner Comments

This candidate has given the genotypes of males, so did not score.
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ResultsPlus

Examiner Comments

This candidate has added two alleles to each X chromosome, so did not score.

r@Qren vwoa

ResultsPlus

Examiner Comments

This candidate has given a phenotype rather than a genotype, so did not score.
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Question 4(a)(ii)
In QO4(a)(ii) candidates were asked to give all the possible genotypes of males.

Most were able to achieve this mark. Perhaps unsurprisingly the misunderstandings were similar
to those in Q04(a)(i).

(ii) State all the possible genotypes of males.

@4\ ResuitsPlus
<)

) Examiner Tip

This is what we were expecting to see. The two possible genotypes are clearly stated for one
mark.

__________________________________ XEY

,--":;\

N { ResultsPlus
/--.. Examiner Comments

This is correct but incomplete, as there is one genotype missing, so did not score.

2

N '{ ResultsPlus
/‘--.. Examiner Comments

This candidate has given the genotypes of females, so did not score.
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ResultsPlus

Examiner Comments

This candidate has added two alleles to the X chromosome, so did not score.
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Question 4(a)(iii)
Candidates were asked to deduce the genotypes of four individuals from a family tree.

For individuals 1, 2 and 3 there was only one possible genotype. Individual 4 could have been
either XBX® or XEX®, so both were required.

Around 60% of candidates gained at least three marks on this question. Common errors were:

+ giving more than one genotype for individuals 1, 2 or 3
+ only giving one genotype for individual 4

+ making the types of mistakes seen in Q04(a)(i) and Q04(a)(ii), although these were rare.

(iii) The diagram shows a family tree for a family where some individuals have
this condition.

Key:
(O Female with red-green vision

. Female with colour blindness
[] Male with red-green vision

WX

1O [ ]2
X@}’D_bx:x\- 'Kﬁi%——ﬁ i,{‘ny
“m O 004

Give all the possible genotypes for each of the following individuals.

(4)

42 GCE Biology B 9BI0 03



%
\ Y,

" / ResultsPlus
/'--.'. Examiner Comments

This candidate scored all four marks.

They have annotated the family tree, so we can see how they came to their conclusions.
Although this annotation was not required, it is the only sensible way to keep track of the
information.

. ResultsPlus
<\

Examiner Tip

The key to success in a question like this is to start with the individuals whose genotypes you
know (here this would be males with colour blindness X®Y or red green vision XY) and work
back from there.

All of the information you need is in the family tree, but you need to work through it
carefully and logically.

GCE Biology B 9BI0 03

43



Question 4(b)(i)

QO04(b) related to squirrel monkeys, where the production of pigments needed for red and green
vision is determined by two alleles of a single gene.

In this question candidates were given the phenotypes of the parents (a female with red-green
vision and a male able to see only green) and asked to deduce the ratio of phenotypes of the
offspring. They were asked to use a genetic diagram to support their answer.

Over half of candidates were able to correctly write the genotypes of the parents X®X¢ and X°Y.

Most were able to produce a suitable genetic diagram showing the offspring. Mp1 was achieved
by either correct genotypes of both parents or correct genotypes of offspring in a genetic
diagram.

Mp2 was for the correct ratio of phenotypes of the offspring. The most common error was to
ignore the sex of the offspring and only give information relating to their colour vision.
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(b} Squirrel monkeys are found in the forests of Central and South America.
The photograph shows a squirrel monkey.

{Source: Adrian Hepworth / Alamy Stock Photo)

Squirrel monkeys have a varied diet, including leaves, fruits and insects.

In squirrel monkeys, the production of the pigments needed for red and green
vision is determined by two alleles of a single gene.

This gene is located on the X chromosome.

Female squirrel monkeys have two X chromosomes, male squirrel monkeys have
one X chromosome and one Y chromosome.

The colour red can be seen only if the allele X® is present.
The colour green can be seen only if the allele X© is present.
Scientists have studied the inheritance of colour vision in squirrel monkeys.

(i) Afemale monkey able to see both red and green is mated with a male
monkey able to see only green.

Determine the ratio of phenotypes you would expect in their offspring.

Use a genetic diagram to support your answer.
(2)

R
\ % | x7
Xb’ )(V’.‘{& KU')(B'__-
Y | «fy | x7Y
Crewgn - | perde bt oot qreen
\ e he duﬁr e e ‘ .
‘ 3@{_ SR F r‘g ||[|
e PR LA
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N { ResultsPlus
/'--.. Examiner Comments

This candidate correctly identified the genotypes of both parents and produced a genetic
diagram showing the offspring. Either of these would have achieved mp1.

They went on to give the correct ratio of phenotypes of the offspring, ie 1:1:1:1 of females
able to see red and green, females able to see green, males able to see red and males able
to see green. This achieved mp2.

X5 X"

S X xS

y Iy xY

s Feor TS danas e
B X xS LY XY

N '{ ResultsPlus
/---.. Examiner Comments

This candidate correctly identified the genotypes of the parents and set out a genetic
diagram showing the offspring. Either of these would have achieved mp1.

They correctly identified the ratio as 1:1:1:1, but gave genotypes instead of phenotypes, so
did not achieve mp2.

lf \ ResultsPlus
\

| Examiner Tip

Look carefully at what you are being asked to do, and follow instructions - here the
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candidate understood the genetics but lost a mark for not giving the information that was
required.

(2)

6 Ked green viiow: |
X Y Greew vilieh @ 2
R rea viiion o
x“ x © x" Y

G & .
X x & X X% K 2.1
green: red: redxgiten

~ { ResultsPlus
/--.. Examiner Comments

This candidate correctly identified the genotypes of both parents and produced a genetic
diagram showing the offspring. Either of these would have achieved mp1.

When they gave the ratio of phenotypes, they only considered colour vision and not the sex
of the offspring. This gave a 2:1:1 ratio, rather than the 1:1:1:1 ratio required.

This was the most common error that we saw in this question.

| Examiner Tip

'f \ ResultsPlus
\

When a genetics question involves sex linkage, always give the sex of the individual involved,
as well as any other features of their phenotype.
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) { ResultsPlus
/---. Examiner Comments

This candidate made three important errors:
+ they added an allele to the Y chromosome. In this case only the X chromosome carried
an allele for colour vision, so this was incorrect

* they introduced a new allele (X®) to the mother. Candidates were told in the stem of the
question that there are two alleles for colour vision, X* and X¢

+ they made no attempt to give the ratio of phenotypes.

As a result of this neither mark was achieved.

48
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Question 4(b)(ii)

In this question candidates were given the phenotypes of the offspring of a cross and asked to
deduce the genotypes of the parents, and to support their answer with a genetic diagram.

Since the offspring were females able to see red and green (X*X®) and males able to see red only
(X®Y), successful candidates could work backwards to deduce that:

* XRY males must have received X? from their mother. Since there were no X®Y males, the
mother must have been homozygous X®X*

« XRX® females must have received one of these alleles from the father and one from the
mother. As we already know that the mother was homozygous X*X¥?, the X¢ must have come
from the father, so the father was X°Y.

Over 75% of candidates were able to carry out this process and achieve all three marks - this was
very pleasing.

The most common errors were to produce a genetic diagram which did not give the correct
offspring as set out in the stem of the question; or to have several attempts at working this out
with different genetic diagrams (which we expected candidates to do), but then not to make it
clear which was their final answer, ie the one we should mark.

(i) In separate crosses two monkeys were mated.

Half of the offspring were females with the ability to see both red and
green colours and half were males able to see red only.

Determine the genotypes of these parents,

Use a genetic diagram to support your answer,
(3)

’ 2

x| x
x| |t

YooY | by

'{)W“"h ~b e s o Y
20 (,r'u&w e cd?f;') 24 jg,r'-&u. kN ?("}E,\, N
WAL Py ® X 'F.{’
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b\

% ResultsPlus
Examiner Comments

This answer is exactly what we were hoping to see for three marks.

It is clearly set out, showing the parental genotypes, and the genetic diagram shows the
offspring of the cross.

ﬂﬂrwrmrq.' _'i. XRXG J ‘;E-‘XR % (3)
X,
Y& ExeL XSy
& xty
the ¢atiur  had the qmm/#e)/)’
e motner nad i genotyre Xox°

P\

iﬁ ResultsPlus
Examiner Comments

Another strong answer gaining three marks.
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P\

iﬁ ResultsPlus
Examiner Comments

In this response, the genotype of the father is correct scoring mp2, but the genotype of the
mother is wrong.

The genetic diagram is therefore incorrect, so this answer achieves only one mark.
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Question 4(b)(iii)

Candidates were told at the start of the question that squirrel monkeys have a varied diet
including leaves, fruits and insects.

In QO04(b)(iii) they were asked why it would be an advantage for the monkeys to be able to see
both red and green. We credited any reasonable answer relating to obtaining suitable food or
avoiding predators / poisonous foods.

Almost all candidates were able to achieve this mark.

(iii) State why it would be an advantage for monkeys living in forests in
South America to be able to see both red and green colours.

ﬂ ResultsPlus
Examiner Comments

This response clearly shows that the candidate recognises the advantages in obtaining food.

~ (iii) State why it would be an advantage for monkeys living in forests in
South America to be able to see both red and green colours.

ﬂ ResultsPlus
Examiner Comments

This candidate has focused on the ability to recognise dangers (as well as obtaining food)
and scored one mark.
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(ili) State why it would be an advantage for monkeys living in forests in
South America to be able to see both red and green colours.

! ResultsPlus

Examiner Comments

This was too vague to gain credit.

o Piferen A ob)0CAS
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Question 4(b)(iv)

Candidates were told that scientists had transferred a gene from humans to squirrel monkeys, to
enable them to see the colour red. They were asked to describe how this process may have been
carried out.

There were four marking points for three available marks:

+ the idea of cutting out the gene from human DNA
+ the detail of using restriction enzymes to do this

+ the idea of using a vector or suitable technique, eg micro-injection, to introduce the gene to
the monkey

+ the idea of testing the monkey for colour vision.
Most candidates achieved mp1 and 2.

We did not expect them to know the details of mp3 as gene technology in mammals is not
specifically required. Many had the idea of using a plasmid, and wrote about using the same
restriction enzyme to produce the same sticky ends which could be joined with DNA ligase. As
plasmids are only used when transferring genes to bacteria (and then often into plants) this was
not relevant, but was not penalised. Similarly, some wrote about using a gene gun to transfer the
gene, but this was not a suitable technique to transfer genes into retinal cells.

Mp4 was very rarely seen, although a crucial step in the process to know if it was successful or
not.

Around two thirds of candidates gained at least two marks on this question.
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(iv) In 2009, scientists successfully used gene technology on some squirrel
monkeys unable to see the colour red.

The scientists identified the gene for the protein that is sensitive to red light in
humans. This gene was transferred to cells in the retina of these monkeys.

Describe how the scientists may have carried out this gene technology.
(3)

Rwuemmmuhmm?msmmnwmumﬁ
ﬁﬂrtﬂmwl'wm‘g,m(MammpMJaﬂg!us:ng
_sprition . wolonacleos €s . (Sume. o ome vt fo o GOR).

xf;umswmg,wfMst;rmmmo«ymmw S

Micty iecEion. .. Moty DO o YU Vg o OE W

ﬂwmm;m,.mmmmwsuwm B0

........ Moty . Visimn . omol . PO HRAEVrs b oM RIS
PR BV

a\ -
ﬂ ResultsPlus
Examiner Comments

This answer achieved all four marking points for full marks.

The idea of using a plasmid was ignored and we credited micro-injection for mp3.
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/ ResultsPlus

Examiner Comments

This response achieved mp3 only, for the idea of introducing the gene by micro-injection.
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Question 5(a)

QO5 tested candidates' understanding of Core Practical 2: use of the light microscope including
using stage and eyepiece micrometers, and Core Practical 4: investigating the effect of sucrose
concentration on pollen tube growth.

QO05(a) was a relatively straightforward question asking candidates how to use a light microscope
to measure the actual length of a pollen tube.

There were two simple steps for two marks:

+ calibrating the eyepiece graticule by using the stage micrometer

* using the eyepiece graticule to measure the pollen tube.

This question was not answered well, with only around 30% of candidates achieving both marks
and 35% did not score at all. This suggests that they either have not carried out the process
themselves, or that their recollection of it is very poor. It would be helpful if centres were able to
give candidates more opportunities to practise this skill.

5 The photograph shows a germinating pollen grain, on a slide, as seen using a
light microscope.

(Source: CAROLINA BIOLOGICAL SUPPLY COMPANY/SCIENCE PHOTO LIBRARY)

(a) Describe how you would use a light microscope to measure the actual length of
this pollen tube,

Mg Oy o w qlw, ik (d\m\@
.......... W\EQ(LQFM\ i e

T MOARY W N0 O Wﬁ\q
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N
ResultsPlus

Examiner Comments
This answer scored both marks.

They describe using the stage micrometer to find the length of one eyepiece unit (which is

mp1), then observing the pollen tube and counting how many eyepiece units it is (which is
mp2).

Cuubft\te,andug.pm%,rmm S
Ay up. e enepioee. g mmu.u.mlmmemggmamm

and e, COUNKIAL. AL UATDAT. BF. RuptpLeass. SlAMSI O T e. . STOGe, ILLIOINDIRL.......

AN
ResultsPlus

Examiner Comments

This candidate scored mp1 for an excellent description of how to calibrate the eyepiece
graticule. However, they did not go on to use it to measure the pollen tube, so not mp2.

AN
ResultsPlus

Examiner Comments

Another very clear two-mark answer.
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ResultsPlus

Examiner Comments

This candidate describes calibration, but does not mention the stage micrometer, so not
mp1.

They go on to achieve mp2.

Uﬂ-"'*pﬂﬂ""ﬂ‘*‘ﬂ'”‘f’-‘whﬁ ......... pollen.. el

Ve ow o objestie  lens  before  high  power  hjecties  lem

a\ -
ResultsPlus

Examiner Comments

This response is typical of those that did not score. They do not mention the stage
micrometer or eyepiece graticule at all, but simply describe using low and high power.
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Question 5(b)(i)

In QO5(b) candidates were given information about an investigation to find the effect of
concentration of calcium ions on the germination and growth of pollen grains. They were given
two tables of data:

* one relating to the % germination of pollen grains over a four hour period at different
concentrations of calcium ions
* one relating to the mean length of pollen tubes over a four hour period at different

concentrations of calcium ions.

In QO5(b)(i) they were asked to calculate the mean rate of growth of the pollen tube in the 500 mg
dm? calcium nitrate solution, and to give their answer to 2dp.

This should have been a very straightforward process:

+ select the correct table (mean pollen tube length, not % germination)

+ read off the value for the length at 4 hours (which was the last figure given in the table)
+ divide this value to 4 to get the mean growth rate per hour

+ divide this value by 60 to convert this to mean growth rate per minute.

Candidates made errors at all four stages of the process. The biggest problems were seen with
those who:

+ did not realise that the lengths given in the table were cumulative, not the length grown since
the last reading was taken. This should have been obvious if the two tables were compared,
since the percentages given were clearly cumulative - it would not be possible to have
50+60+75+79 = 314% germination

+ read off the value at four hours and then subtracted the value at one hour before dividing by
either 3 or 4. It is not clear why they did this.
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(b) A scientist investigated the effect of condefitration gf'c‘alcln.tfn; iohdon the oy MUAIPTY

germination and growth of pollen grains. hp {&M%w ¢
The tables show the results from this investigation. Un(ty bb) [0- g

300 | 50 | 55 | 65 | 65 300 120 | 261 | 284 | 355
400 50 | 58 | 60 | 69 400 256 | 284 | 355 | 426
500 50 | 65 | 70 | 79 500 341 [ 412 | 455 | 547

(i) Calculate the mean rate of growth of the pollen tube in the 500mgdm-3
calcium nitrate solution. '

Give your answer in um per minute, to two decimal places.

d hoursS =240 minites @)

54T

— z 2-2% (29p)
240

Answer 2.2% pum minute’!

ResultsPlus

Examiner Comments

This candidate scored both marks for a correct calculation, with the answer given to 2dp.

Steps 3 and 4 were carried out as a single step, ie divide by 240 rather than by 4 and then
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60.

(b) A scientist investigated the effect of concentration of calcium ions on the
germination and growth of pollen grains.

The tables show the results from this investigation.

0 0 0 0 0 0 0 0 0 0
300 50 | 55 | 65 | 65 300 120 | 261 | 284 | 355
400 50 | 58 | 60 | 69 400 256 | 284 | 355 | 426
500 50 | 65 | 70 | 79 500 341 | 412 | 455 | 547

(i) Calculate the mean rate of growth of the pollen tube in @

calcium nitrate solution.

Give your answer in pm per minute, to two decimal places.
3u)] + UITr ugs 4943 - 1955

1355/4 ~ 438 F5

m aheowr

(2}

4281560 = F-31A5
- 3-3]

Answer »7- 8)

pum minute™’'

ResultsPlus

Examiner Comments
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This candidate made the mistake of adding the lengths at each hour together, before

dividing by 4 and then 60.

This was the most common single error we saw.

(b) A scientist investigated the effect of concentration of calcium ions on the

germination and growth of pollen grains.

The tables show the results from this investigation.

300 50 | 55 | 65 | 65 300 120 | 261 | 284 | 355
400 50 | 58 | 60 | 69 400 256 | 284 | 355 | 426
500 5 | 65 | 70 | 79 500 341 | 412 | 455 | 547
(i) Calculate the mean rate of growth of the pollen tube in the 500 mgdm-?
calcium nitrate solution. '
Give your answer in um per minute, to two decimal places.
(2)
S47F -%a ., 2006 pm
A x 60 o T40
706
e — = O . BG
X0
Answer O'gé’ pm minute™!
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N { ResultsPlus
/'--.. Examiner Comments

This candidate subtracted the length at one hour from the length at 4 hours.

They then divided the value they obtained by 240. This was also a commonly seen error.

64
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Question 5(b)(ii)
Candidates were asked to give three conclusions that could be drawn from the investigation.

There were five marking points for three available marks. The most obvious (and most commonly
achieved) were that:

+ calcium ions are needed for germination / growth of pollen tubes (mp1)

+ as concentration of calcium ions increases, % germination increases (mp2)

+ as concentration of calcium ions increases, pollen tube length increases (mp4).
Mp3 and 5 were less commonly seen:

« that above 300 mg dm= increasing calcium ion concentration makes no difference to initial %
germination

+ that most germination happens in the first hour / pollen tube growth is fastest in the first
hour.

Overall this was very well done, with over 80% of candidates scoring two or three marks.

Where candidates did not score it was often because they did not refer to the concentration of
calcium nitrate, eg saying calcium nitrate increases the rate of germination; or because they
linked changes to time, rather than calcium nitrate, eg as time increases, % germination
increases.

(i) Give three conclusions that can be drawn from this investigation.

(3)
LLACLUM. AUTORL. 0 UST.0L. pre SeNk. 0120 Wi, I & 4T ouMm N eI GEY. 02
..... O 0.7 LT, DRRIE. D 0, Q0TI 0.0 QBINLAGAIIDN. s
e vahod 4 Genmu Nt QAU L aur. W N0t o eVIORAM. BV
e LR M AU ok, CONC. . 00, £ 00 OM. CONCA. xeapt O DAt WOn. S04

e DL O RO QAR A DML

N
\/ { ResultsPlus

Examiner Comments
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This response scores mp1, then 3, then 2 and 4 together at the end, achieving full marks.

(ii) Give three conclusions that can be drawn from this investigation.
(3}
ANCEASing. e (ONEOKIATION_0F COLCLUM DIALE. I (Tease XDE. 00Kk ...

| ... 9F._gemination....
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ResultsPlus

Examiner Comments

This candidate scores mp2, then mp4, then mp1 at the end, achieving full marks.

Lines 5-6 are not relevant.

(i) Give three conclusions that can be drawn from this investigation.

(3)
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ResultsPlus

Examiner Comments

This response scored mp1, then mp2, then mp4.

Lines 7-9 are not relevant.
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Question 5(c)

This question tested understanding of Core Practical 4: investigating the effect of sucrose
concentration on pollen tube growth.

Candidates were asked to devise a method that could have been used to collect valid data in this
investigation. To recap, this investigation was finding the effect of concentration of calcium
nitrate on germination and pollen tube growth.

There were three key things to consider:

* how to change the independent variable: they should use a variety of concentrations of
calcium nitrate. The original investigation used 0, 300, 400 and 500 mg dm=. The proposed
method should use at least these four concentrations, but others could be added to improve
the investigation;

* how to measure the dependent variable: percentage germination and pollen tube length
should be measured at least every hour for four hours (as in the original investigation) but
more frequent measurements could be made;

* how to control variables to ensure the investigation was valid: temperature, concentration
of sucrose, pH and species of plant were all important.

An additional marking point was available for repeating multiple times (at least three) and
calculating a mean and standard deviation.

Although there were seven alternatives to achieve four marks, candidates did not score as highly
as expected on this question. Some ignored the investigation with calcium nitrate entirely, and
wrote their own version of an investigation, often changing the concentration of sucrose. Others
wrote a detailed account of how to set up the pollen grains in a humid chamber and how to
measure the pollen tubes using an eyepiece graticule, ignoring the instruction to collect valid
data, ie controlling variables. Some wrote about the wrong core practical altogether (perhaps
because they half-recalled using a petri dish as a humid chamber) and wrote about zones of
inhibition around seeds on starch agar.

Overall just over half of candidates scored two marks or more.
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(c) Devise a method that could have been used to collect valid data in
this investigation.
(4)
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iz ResultsPlus
Examiner Comments

This candidate scored full marks, as follows:

* mp1online1
* mp2aonline 3
* mp4 on lines 5-6

* mp6 on lines 10-12.
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(c) Devise a method that could have been used to collect valid data in
this investigation,

(4)
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Examiner Comments

This strong answer scored four marks, as follows:

* mp3online 1

* mp2a on lines 3-4 / mp2b on lines 7-8
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* mp6 onlines 12-14
* mp5online 19

* not mp4 as no method of controlling temperature was given.

{c) Devise a method that could have been used to collect valid data in
this investigation.
(4)
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ResultsPlus

Examiner Comments

This answer scored only one mark - mp2 on lines 2-3. There was no attempt to control any
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variables, and a different core practical was described at the end.

(c) Devise a method that could have been used to collect valid data in
this investigation.
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_ ResultsPlus

Examiner Comments

This answer scored only one mark - mp1 on line 1. The reference to different concentrations

of calcium nitrate was too vague for mp2a; as was the reference to measuring growth every
hour for mp2b.
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(¢) Devise a method that could have been used to collect valid data in
this investigation,

(4)
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Examiner Comments

Another answer achieving full marks, as follows:

* mp3online4
* mp6 on lines 12-13
* mp2b on lines 15-16

GCE Biology B 9BI0 03 73



* mp1online 18.
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Question 6(a)(i)

Q06 tested candidates' understanding of aspects of classification, and Core Practical 15:
investigate the effects of different sampling methods on estimates of the size of a population.

QO6(a)(i) asked candidates to describe how to place quadrats randomly in an area 5m x 10m.
There were three marking points for two available marks:

+ setup a grid (5m x 10m) / use tapes at right angles to each other as axes

+ use random numbers as co-ordinates

+ a method to place the quadrat at the co-ordinates without bias, eg bottom LH corner at co-

ordinate point.

Candidates generally did well on this, with around 40% scoring both marks. A further 40% scored
one mark, usually mp2. However, a number are still describing throwing quadrats, or a complex
method involving closed eyes and spinning around - neither of these were given credit.

The table shows the results obtained. _':.J_ﬁ_.N:\S
nin-y
1 0.25 0.01
5 20 500
1 | 3 6

(i) Describe how the quadrats would be placed randomly.
(2)

L%mommﬁammwmmmtmmrw
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2 ResultsPlus

Examiner Comments

This response covered all three marking points, scoring full marks.
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The table shows the results obtained.

1 0.25 0.01

() Describe how the quadrats would be placed randomly -
: » 1 . f . Y : . (2}
LUScnen A Wne. oeseee. and
OO mnum\aef e OO

cb %e_.-ua.taa ..... Bl MAMNGEC. LD Se...

rP(chc.m Q\.&.Qdm,{;— oL D).

ResultsPlus

Examiner Comments

This candidate knew that random numbers were important. They explained how to obtain
them (which was not required) but did not use them as co-ordinates, so did not achieve
mp2. The use of a transect negated mp1.

This was not a suitable method to randomly sample an area 5m x 10m.
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The table shows the results obtained.

1 0.25 0.01
5 20 500
1 3 6

(i) Describe how the quadrats would be placed randomly.
(2)

YOndamy pace. Ha Quacliot febrd e what § Sen A

ResultsPlus

Examiner Comments

This answer does not achieve any credit.

There is no indication how to place the first quadrat randomly. The placement of the second
quadrat depends on the placement of the first, so this method overall is not random.

The table shows the results obtained.
1 0.25 0.01
5 20 500
1 3 6
—

(i) Describe how the quadrats would be placed randomly.
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ResultsPlus

Examiner Comments

Throwing quadrats is never a suitable method to place them randomly.
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Question 6(a)(ii)

QO6(a)(ii) tests candidates' understanding of Core Practical 15: investigate the effects of different
sampling methods on estimates of the size of a population. Candidates were given the context of
a pilot study to find the best quadrat size to estimate the population of dandelion plants in an
area 5mx 10m.

They were given three possible quadrat sizes (1Tm x 1m, 0.5m x 0.5m, 0.1m x 0.1m), told there
were 53 dandelions in the area and given a table of results showing how many were recorded
when each quadrat was used.

Some candidates realised that each quadrat was used to sample the same area (5m?), so this was
a valid sampling comparison; some thought that it was unfair because the small quadrat was
used a lot more than the others.

Some candidates used the information to calculate a comparable estimate for each quadrat size.
There were three ways to do this:

* recognise that 5m? was a tenth of the total area being sampled, and multiply the number of
plants found by 10 to estimate the number in the whole area. This gives a value of 10 for the
1m? quadrat, 30 for the 0.25m? quadrat and 60 for the 0.01m? quadrat;

« calculate the number of dandelions per 1m? of the whole area (53 divided by 50 = 1.06), and
the number per 1Tm? of the sampled area; this gives a value of 0.2 for the 1m? quadrat, 0.6 for
the 0.25m? quadrat and 1.2 for the 0.01m? quadrat;

+ use the known value of 53 dandelions in the whole area to find the number in 5m? ie 53
divided by 10 = 5.3, and compare this to the numbers in the table, which are the number
found in 5m? with each size of quadrat.

Whichever method was used, the candidates should then compare the values for each quadrat
size to the actual value to find which gave the best estimate (it was the 0.01m? quadrat), and
explain their reasoning. Candidates should note that the command word for this question was
determine, which always requires a quantitative element to the answer from the stimulus
material provided.

Some candidates realised that the 0.01m? quadrat was the most representative because it
sampled the widest area (not the larget area, as all sampled 5m?).

This question required logical thought and reasoning, and it was pleasing to see that almost 30%
of candidates scored either three or four marks (usually mp2, 3 and 4). The least commonly seen
marking point was mp5, for the idea of being most representative.

There were some excellent and well articulated answers, showing real understanding of the
principles behind sampling.

Around a third of candidates did not achieve any marks on this question. The majority of these
ignored the numbers altogether and went with the idea of the size they thought was most
sensible. This could be summed up as the Goldilocks theory: the biggest one was too big, the
smallest one was too small and the middle one was just right. Some wrote about the time it
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would take, or the damage that would be done by trampling dandelions, neither of which was
relevant when they were asked for the size that gave the best estimate. Frustratingly some
started to do the calculations then decided to abandon them because the small quadrat would
take too much time, so they randomly chose one of the others as their answer. Some tried to do
the calculations but an error sent them down the wrong track. The most commonly seen of these
was multiplying the number of dandelions by the number of quadrats, and reaching an estimate
of 5 for the Tm? quadrat, 60 for the 0.25m? quadrat and 3000 for the 0.01m? quadrat, leading
them to a wrong conclusion that the 0.25m? quadrat gave the best estimate.

(ii) The total number of dandelion plants in this area of grassland was 53.
oo

Analyse the data t@h?;gof quadrat that gives the most accurate
estimate of the num andelion plants. “
LTue dwnd. o, 50 FOr. 0 uac ok, .02, o, .. 0. BEGL. are. 6. 0f S
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N { ResultsPlus
/--.. Examiner Comments

This candidate scored four marks for a well-reasoned answer.

They scored mp2 for the number estimated in each size of quadrat (10, 30, 60); mp3 for
identifying that the 0.01m? quadrat gave the best estimate; and mp4 for explaining that 60
was closest to 53.

During the answer they stated that each of the sampling areas was 5m?, so they also scored
mp1.
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(i) Fhe total number of dandelion plants in this area of grassland was 53.
Analyse the data to determine the size of quadrat that gives the most accurate

estimate of the number of dandelion plants.
(4)
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Examiner Comments

This candidate scored mp3 only, for identifying 0.01m? as the quadrat size that gave the best
estimate. Unfortunately it was for completely the wrong reason, as they were comparing the
figures in the table without any further conversion, ie 6 is closest to 53. This error was seen

several times.

GCE Biology B 9BI0 03

81



(i) The total number of dandelion plants in this area of grassland was 53.

Analyse the data to determine the size of quadrat that gives the most accurate
estimate of the number of dandelion plants.
(4)
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Examiner Comments

This minimal answer scored full marks:

« mp1 in the calculations (for each sampling area being 5m?)
+ mp2 for 10, 30, 60
« mp3 for the identification of the 0.01m? quadrat

« mp4 for the explanation that 60 is closest to 53.
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(i) The total number of dandelion plants in this area of grassland was 53.

Analyse the data to determine the size of quadrat that gives the most accurate

estimate of the number of dandelion plants.
(4)
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Examiner Comments

This candidate attempted to work out the answer but their maths was flawed.

To get the numbers on the left they multiplied the number found in the 1Tm? quadrat by 5
(but later changed this to 10); the number found in the 0.25m? quadrat by 40 and the
number in the 0.01m? quadrat by 1000.

This is one of several examples of candidates following a flawed method and coming up with
the wrong answer. It scored zero.
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(i) The total number of dandelion plants in this area of grassland was 53.

Analyse the data to determine the size of quadrat that gives the most accurate
estimate of the number of dandelion plants.
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Examiner Comments

This strong answer achieved all five marking points, scoring full marks.
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(ii) The total number of dandelion plants in this area of grassland was 33,

Analyse the data to determine the size of quadrat that gives the most accurate
estimate of the number of dandelion plants.

(4)
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Examiner Comments

This candidate decided to redesign the investigation instead of focusing on the results
obtained from the actual investigation, and scored zero.
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(i) The total number of dandelion plants in this area of grassland was 53.

Analyse the data to determine the size of quadrat that gives the most accurate
estimate of the number of dandelion plants.

5"‘0 SOM fohak.

(4)

05w 0.05<20° o' el 5075210 310" éb:f"ff.fﬁf"f"""""'
0.0 5 0.01x500 = S analused 5025210 [SIE GOMMQJ})W.

N 0.0Im’ ‘W"“ WMMFW@H mmichchdmbm
by quadat amlysel o fehb o’ of 100 I0m” , 57 o emateh Namber
wilhbe [0 e numbtr reconlid - fox 1t 0.0lne quadat  1te ePnalt

s 60 danddiane wwiv i onl ] f oo N aumfe vl Bmalr
hmm@ o QMW ore ooy, @reds i e field 1t 6€ aval ml
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Examiner Comments

Another four-mark answer covering all five marking points.
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(i) The total number of dandelion plants in this area of grassland was 53.

Analyse the data to determine the size of quadrat that gives the most accurate
estimate of the number of dandelion plants.

(4)
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Examiner Comments

This is the Goldilocks theory in action: the small quadrat is too small, it will miss the
dandelions; the big quadrat is too big, there will be overlapping and dandelions will be
counted twice; the middle sized quadrat is a decent size and it can cover a decent area.

All of the data in the table was ignored, and this response scored zero.
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(i) The total number of dandelion plants in this area of grassland was 53.

Analyse the data to determine the size of quadrat that gives the most accurate
estimate of the number of dandelion plants.
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Examiner Comments

This candidate achieved mp1, 2, 3 and 4 with a lesser seen alternative marking point 2.
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Question 6(b)

Candidates were asked to describe the data that must be collected so a biodiversity index could
be calculated for a grassland. This was:

* number of species present

« number of individuals of each species.

Candidates found this surprisingly difficult, with just over 40% achieving both marks. The most
common error was to think that the total number of individuals of all species should be recorded.

(b) In a different survey, the student wanted to measure the biodiversity of the
grassland, using a biodiversity index.

Describe the data that must be collected so that the biodiversity index can
be calculated.

(2)

ResultsPlus

Examiner Comments

This candidate scored both marks.

{(b) In a different survey, the student wanted to measure the biodiversity of the
grassland, using a biodiversity index.

Describe the data that must be collected so that the biodiversity index can
be calculated.

Tl e ey &k Gy gy

(2)
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Examiner Comments

This response illustrates the most common error we saw. The candidate achieved mp1 but

GCE Biology B 9BI0 03 89



not mp2.

920
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Question 6(c)(i)
Candidates were asked to state the meaning of the term species.
Almost three-quarters were able to do this. The most common errors were:

+ referring to animals, rather than organisms or individuals
+ referring to mating, rather than interbreeding

* not referring to reproduction at all, eg organisms that can produce fertile offspring.

Candidates should be encouraged to learn key definitions, rather than trying to develop them in
an exam situation.

(c) (I) State the meaning of the term species.

(1

Df(f;jpn,nﬂ ......................................................................................................................................................................................................

W < ResultsPlus
/'--.. Examiner Comments

This definition scored one mark.

(c) (i) State the meaning of the term species.
(1)

TWO AU L] belong T2 TN DAIMLIPLILL 1+
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<{ < ResultsPlus
b/*---._ Examiner Comments

This definition was not acceptable, because it referred to animals and to mating.
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(c) (i) State the meaning of the term species.
(1)

AN
ResultsPlus

Examiner Comments

Similar morphology was not enough, we needed a reference to interbreeding and fertile
offspring.

(c) (i) Qtate ;\1e meaning of the terrr@

(1)
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ResultsPlus

Examiner Comments

This response did not score for two reasons: it referred only to animals, and the last part of
the definition (about fertile offspring) was missing.

922
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Question 6(c)(ii)

Candidates were asked how scientists could use DNA from two similar looking plants to
investigate whether they were closely related.

They could choose to go down one of two routes, both with three marking points for two
available marks:

+ gel electrophoresis, with a detail of the technique given and the way to obtain results, ie to
compare the two banding patterns

+ DNA sequencing, with a detail of the technique given and the way to obtain results, ie to
compare the two base sequences.

Most candidates chose to write about gel electrophoresis and over 60% achieved both marks.
Occasionally candidates gave information about both methods, ie changed from one to the other
half way through - in this case only their highest scoring route was used in marking.

(i) Describe how scientists can use DNA from two similar looking plants to
investigate whether they are closely related.
(2)
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/--. Examiner Comments

This response achieved all three marking points, for two marks.

The detail of adding to agarose gel and applying a current was enough for mp2.
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(i) Describe how scientists can use DNA from two similar looking plants to

investigate whether they are closely related.
(2)

JCM‘QHNH)TJM ........ Wow ey

_ ResultsPlus

Examiner Comments

This response scored mp1 for gel electrophoresis, but no details were given for mp2 and
comparing the DNA was not enough for mp3.

(ii) Describe how scientists can use DNA from two similar looking plants to

investigate whether they are closely related.
(2)

% ResultsPlus

Examiner Comments

This answer scored two marks for the DNA sequencing route; mp1 for DNA sequencing and
mp3 for the idea of finding the amount of differences in the base sequence of both plants.
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Question 7(a)(i)

Q07 tested candidates' understanding of Core Practical 1: investigate a factor affecting the inital
rate of an enzyme controlled reaction.

The context was an investigation involving the enzyme phosphatase from mung beans, which
catalyses the conversion of (colourless) phenolphthalein phosphate to (pink) phenolphthalein +
phosphate.

The activity of the enzyme was measured by using a colorimeter to determine the absorbance; as
the concentration of product increased, the solution became more pink and the absorbance
decreased. The effect of temperature on enzyme activity was being investigated, and candidates
were given a detailed method which the students followed.

QO7(a)(i) asked them to describe how to ensure that the concentration of enzyme extract was the
same for all students carrying out the investigation.

There were three marking points for two available marks:

* use the same mass of mung beans
+ use the same volume of water
+ use the same germination conditions / a named example of a condition which should be

controlled, eg temperature, time after germination starts.

This proved more challenging for candidates than we expected, with almost half not scoring at all,
and only 14% scoring both marks. This may reflect the fact that candidates do not usually prepare
their own enzyme extract during investigations, but it was reasonable to expect them to
understand the principles of this. Errors included:

+ using the same number of beans, rather than mass

+ imprecise terminology, eg amount of beans, amount of water

+ candidates who wrote about ensuring the volume (rather than the concentration) was the

same, eg by using a measuring cylinder or syringe. This was a surprisingly common error.

Mark point 3 was very rarely attempted.

Quite a lot of candidates suggested using a stock solution, ie a single batch which was shared by
all students, and this achieved one mark.
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7 The activity of enzymes is affected by a number of factors.

(a) A class of students investigated the effect of temperature on the activity of the
enzyme phosphatase extracted from mung beans, -

This enzyme removes phosphate groups from organic phosphate molecules.
The diagram shows the reaction between phosphatase and its substrate,
phenolphthalein phosphate.

phosphatase
phenolphthalein phosphate » phenolphthalein + phosphate
(colourless) (pink)

When they are in alkaline solutions, phenolphthalein phosphate is colourless and
phenolphthalein is pink.

The students used the following method.

Step 1 Germinate mung bean seeds, then grind them with water and filter the
extract. Use the filtrate as the enzyme extract.

Step 2 Set up 8 tubes, each containing 1c¢cm’ of 1% phenolphthalein phosphate,
and place in water baths at varying temperatures. Leave for 10 minutes,

Step3 Add 1cm’ of enzyme extract to each tube. Leave in the water baths for
20 minutes.

Step4 Add 5cm’ of 10% sodium carbonate solution (alkaline) to each tube.
Place the tubes into an ice bath, which will stop the reaction.

Step 5 Use a colorimeter to measure the absorbance of light for each tube,
As the pink colour increases, the absorbance increases.

(i) Describe how you would ensure that the concentration of the enzyme extract
was the same for all students carrying out the investigation,

(2}
U8R e same voluve GF water and e Same
o MBS Of mMung bean seeds. - Use Sanie Spetl
N0 0GR OF MUNG RN -

% ResultsPlus

Examiner Comments

A clear answer, scoring mp1 and 2.
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() Describe how you would ensure that the concentration of the enzyme extract
was the same for all students carrying out the investigation.

(2)

%&rmxﬁﬂhbmmw ...... brad. Seedn.. Q... J08 Bas......

ANDADA 5F N)indde. amui oM. ONR PEON.. %TUVD ok A

_ ResultsPlus

Examiner Comments

A rare example of mp3 for germinating the mung bean seeds for the same time, but mp1
and 2 are not attempted.

(i) Describe how you would ensure that the concentration of the enzyme extract
was the same for all students carrying out the investigation.
(2)

En’“ﬂ.{‘—mhab&n;“"l’&&mnt
NL"‘ O"’Jj {'L T b“nj, Lo H'v L Aeme  ceed . O bekte

4' LPrever  Qipperde ﬂl{vf-mh

nmMglgyhhmwmwmmmwMwmmwmwmwmwmmmMWMMMMWWMWwmwmwmmmwmmmwmwm

_ ResultsPlus

Examiner Comments

This candidate achieved mp1 (same mass of beans) but not mp2 as they stated same
amount of water.

AR
ey \ ResultsPlus

Examiner Tip
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"Amount" is never the best word to use in biology - think about what you actually mean! It
could be number (eg number of beans), mass, volume, concentration etc.

Using a precise word like this is likely to get you the mark, using amount is not going to get
the mark.

(i) Describe how you would ensure that the concentration of the enzyme extract
was the same for all students carrying out the investigation,
(2}

Um:‘f-cws\uqhwd-wgﬁf ...... all sheaadd

a\ -
ResultsPlus

Examiner Comments

This candidate achieved one mark for the idea of a stock solution which is shared by all of
the students.

(i) Describe how you would ensure that the concentration of the enzyme extract
was the same for all students carrying out the investigation.
(2)

Uit o meaannng prperre 4o IAcred)e Tne.

Jamde prpnetanerery repeat, eyures an.
ALTH AL dnat may coat are mianamied .
LMLA ey g e a Methantul plp e wnua
reyoves nWiwmaneyrey

a\ -
ResultsPlus

Examiner Comments

This candidate has written an answer about how to ensure all of the students got the same
volume of enzyme extract, rather than the same concentration. It scored zero.
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Question 7(a)(ii)

Candidates were asked to describe how they would ensure the colorimeter readings were
comparable for each of the students.

There were three marking points available for two marks:

+ zeroing the colorimeter with water or other suitable colourless liquid
* using an appropriate filter

+ ensuring that the cuvette was not scratched or had no fingerprints.

This was done better than QO07(a)(i), perhaps because candidates could remember using a
colorimeter themselves. Almost two thirds got at least one mark, usually for zeroing the
colorimeter with water.

(i) Describe how you would ensure that the colorimeter readings were

comparable for each of the students.
{2)

Stm.quuwmwﬁb\onMPMMLDMhmmphmpM~L ........

........ 0. RO Ak (Ol OFTMLLSE S onol. AW

LBUNR. Al Colon mics. sk 10, aksolb

¥ { ResultsPlus
/--.. Examiner Comments

This response gained mp1 for zeroing the colorimeter with phenolphthalein phosphate and
mp2 for the same filter.
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(i) Describe how you would ensure that the colorimeter readings were
comparable for each of the students.

(2)

b\

iﬁ ResultsPlus
Examiner Comments

This strong answer gained all three marking points for full marks.

(i) Describe how you would ensure that the colorimeter readings were
comparable for each of the students.

Bad . _The Same volune. .. m%SDMth
lﬁﬁDtMVl\ﬁD}Cﬁ\n weeker g N\oed:

b\

iﬁ ResultsPlus
Examiner Comments

This response did not score. The idea of using the same volume was seen a lot, but is not
creditworthy.

It came close to mp1, but using water as a control is not the same as using it to zero the
colorimeter.
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Question 7(b)(i)

Candidates were given a table showing the absorbance at eight temperatures between 10 and
80°C, and asked to explain the effect of temperature on the activity of phosphatase.

There were five marking points for three available marks; these can be summarised as:

1.

2.
3.
4.
5.

as temperature increases the activity of phosphatase increases
because molecules have more kinetic energy

so there are more frequent collisions between enzymes and substrates
the optimum temperature was between 51 and 69°C

above optimum temperature the activity of phosphatase decreases because it is denatured.

This question was generally well done, with 58% of candidates scoring two or three marks.
However all marking points showed misconceptions from some candidates, which it may be
helpful to address here:

this was sometimes lost because candidates were simply referring to the change in
absorbance in the results table, rather than the enzyme activity

this was sometimes lost as the kinetic energy was not associated with a molecule / particle /
enzyme / substrate

this was sometimes lost because candidates expressed it as more collisions or more E-S
complexes forming, rather than more frequent/ more likely / more per unit time.
However, this was less of a problem than in previous years, and centres are to be
commended for the improvement on this point

whilst almost all candidates named an optimum temperature (usually 60°C), this value could
not be assumed from the data given. From the limited range of temperatures tested, the
highest activity was at 60°C, but the optimum could have been anywhere between 51 and
69°C. This was not understood by candidates, even though many of them stated in Q07(b)(ii)
that using smaller intervals would allow the optimum temperature to be more precisely
identified

this was sometimes lost because candidates were simply referring to the change in
absorbance in the results table, rather than the enzyme activity.
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(b) The table shows the results obtained in this investigation.

20 30 40 50 60 70 80

033 | 039 | 046 | 053 | 055 || 0.50 | 0.33

|

(i) Explain the effect of temperature on the activity of phosphatase.

JIIYR .
A to aile i,
Wi o i, L e

B i gt pr 6o o, G bepitc

iz ResultsPlus
Examiner Comments

This answer scored mp1 in the first 3 lines; mp2 in lines 4-5; mp3 in lines 6-8; mp5 in lines 9-
12. It was a very strong and clearly written response.
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(b) The table shows the results obtained in this investigation.

(i) Explain the effect of temperature on the activity of phosphatase.

:Ecmumj Jcﬁ""peiﬂ’mfcr ek e 6(:?%* ...............................................

VACTEOSRS Mlﬁ\usku\ of dwspkaécmm letcanasr
Subsbrake.  And eﬂzy-«es haye  pope. l:mff,'r.\c.« FrESCN-.
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qtre. ~Subshrake C%:plix% Ao iﬂ;.rwm@
_________________________ !&M rdweeadoove 60°C redars Ahe "
ochwhd 09 dnmsp\u&&.sr., baciese.  the ATyt

o dwkwcd\ dere o d»mphm of ‘(ﬂ"‘-‘%rﬂ shm_tme-
e adive st no leger  Aks Hee subs beke

10 20 30 40 50 60 70 80

025 | 033 | 039 | 046 | 053 | 055 | 050 | 033

ResultsPlus

Examiner Comments

This response also scored full marks: mp1 on lines 1-2; mp2 on line 3; mp5 on lines 5-9.

Not mp3 as they say that there are more successful collisions and more E-S complexes form,
rather than saying more per unit time.
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(b) The table shows the results obtained in this investigation.

10 20 30 40 50 60 70 80

025 | 033 | 039 | 046 | 053 | 055 | 050 | 033

(i) Explain the effect of temperature on the activity of phosphatase. 3

*ASWWM Mmolwum N

ResultsPlus

Examiner Comments

This answer is confused in places, but scored two marks.

Lines 1-3 are about absorbance and are incorrect because as temperature increases,
absorbance increases.

Mp1 on line 4 mp2 on lines 5-6. Not mp3 as it says increasing collisions with active site,
rather than increasing the frequency of collisions.
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(b) The table shows the results obtained in this investigation.

20 30 40 50 60 70 80

033 | 039 | 046 | 053 | 055 | 050 | 033

(i) Explain the effect of temperature on the activity of phosphatase.
(3)

. ,_ MUY s ADNOADANC LN aNd.ad
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..a.o.....‘,‘tmkémt.a....m ALOLOL MLy EI0CLC. £N¢QY =, Mot pncdi:.
L. WO fiodierd 03 an encge dpdridle

COMPUL
o tNOMO (Phospnatax ) ralned 11y onoumar..

60°C_ WNUL ML 1A endyme JUNNALE.  COMPiexs -

(L{otnedand. apyotbdpce wdd MGNAL Ay 055

L PN Q0 oot deatdiid ajll 0°% and anoib-
an(L deCieaord s (3 encyme Jubdriare compiexy

wele rotmed:

ResultsPlus

Examiner Comments

This candidate scored only one mark; this was mp2 on line 3.

Not mp1 and 5 because they were writing about absorbance, not enzyme activity.

GCE Biology B 9BI0 03 105



Question 7(b)(ii)

Candidates were told that there may have been errors in the method used, and that the
investigation was repeated with four changes. They were asked to justify the four changes.

The command word justify requires candidates to give evidence to support something - here
they were being asked to explain the reason for the change. This is something candidates
typically find very difficult, and it was pleasing that so many (85%) were able to justify at least one
of the changes. However, only 6% could justify all four changes; this question discriminated very
well.

The changes were:
+ add buffer to each tube of phenolphthalein phosphate because pH might affect enzyme

activity / changes in pH can denature enzymes

* place separate tubes containing the enzyme and substrate into the waterbath before mixing
together so that they equilibrate / reach the same temperature

+ use smaller intervals than 10°C so that the optimum temperature can be identified more
precisely

+ stop the reaction before 20 minutes so that initial rate can be calculated / so that
substrate concentration is not a limiting factor.

Mp1 and 4 were seen most frequently and mp3 was least commonly achieved.
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Justify why the students repeated the investigation with these four changes.
(4)

tnange O, Du RO SOIWDON. M. UFLO. 10, CON oL T2 QT 5 DML U
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ResultsPlus

Examiner Comments

This response scored two marks:

* mp1onlines 1-3

* mp2 on lines 4-8.
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(i) For enzyme-controlled reactions at temperatures between 0°C and 40°C, a
10°C rise in temperature will double the rate of reaction.

The data collected in this investigation do not show this pattern, suggesting
that there may be errors in the method used.

The students repeated the investigation with these four changes:
+ adding buffer solution to the phenolphthalein phosphate

« placing separate tubes containing phenolphthalein phosphate and
enzyme extract into water baths for 10 minutes before mixing together

« using smaller temperature intervals than 10°C
+ stopping the reaction after 5 minutes instead of 20 minutes.

Justify why the students repeated the investigation with these four changes.
(4)
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N
ResultsPlus

Examiner Comments

This response achieved one mark - this was mp2 on lines 11-13.

Not mp4 at the start, as they wrote about substrate and enzyme concentration becoming a
limiting factor.

Not mp3 as it was too vague.

Not mp1 as it was very confused.

Justify why the students repeated the investigation with these four changes.
(4)

Examiner Comments

Although this candidate attempted to justify all four changes, they did not score.

The incorrect explanation for stopping the reaction before 20 minutes (so that the enzyme
did not denature) was frequently seen.
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Justify why the students repeated the investigation with these four changes.

— Addin selusbbin whodes. . i s
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iz ResultsPlus
Examiner Comments

This excellent response is a very strong answer, gaining all four mark points.

110 GCE Biology B 9BI0 03



Question 7(c)

Candidates were asked to give two examples of biochemical processes in plant cells that require
phosphate ions.

Suitable processes included:

* synthesis of ATP

« synthesis of nucleotides or nucleic acids

+ synthesis of phospholipids

+ synthesis of NADP

* regeneration of RuBP

+ phosphorylation of glucose (in respiration).

Over 70% of candidates were able to give at least one example, and around 37% achieved both
marks. ATP and phospholipids were the most common correct answers.

Those who did not score usually named complex, multi-step processes, eg respiration, rather
than focusing on the aspect that required phosphate ions, eg synthesis of ATP.

(¢) The phosphatase enzyme catalyses the removal of phosphate groups from
organic phosphate molecules, releasing phosphate ions.

Give two examples of biochemical processes in plant cells requiring
phosphate ions.

s e S e Bt BOR e cepgldiay

N { ResultsPlus
/'--.. Examiner Comments

This strong answer gives more detail than was needed to achieve the marks.

Phosphorylation of ADP to ATP and phosphorylation of glucose are two suitable examples
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for full marks.

(c) The phosphatase enzyme catalyses the removal of phosphate groups from
organic phosphate molecules, releasing phosphate ions.

Give two examples of biochemical processes in plant cells requiring
phosphate ions.

A\ névM«ms
M RD? o Feornabion .
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: ResultsPlus

Examiner Comments

This candidate scored two marks - these were the most commonly seen examples.
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Question 8(a)(i)

Q08 tested candidates' understanding of Core Practical 16: investigate the effect of one abiotic
factor on the distribution or morphology of one species. It also included formulation of a null
hypothesis and completion and analysis of a statistical test.

The context was an investigation into whether the number of tar spots on sycamore leaves
(caused by a fungus Rhytisma acerinum) is affected by distance from a road. They were told that
the fungus causing the tar spots is known to be sensitive to sulfur dioxide and oxides of nitrogen
in the air, and grows more slowly when these gases are present. Tar spots were counted on trees
in two locations: close to a busy road, and in parkland far from the road.

In Q08(a)(i) candidates were asked to give a suitable null hypothesis for this investigation.

In previous years, this has proved to be challenging for many candidates, so it is very pleasing to
see that this year over half scored the mark available. However, many candidates are still finding
this difficult. It may help if they remember that a null hypothesis has four main components:

+ independent variable: here it is near and far from the busy road

+ dependent variable: here it is the number of tar spots on leaves

+ the relationship (this will be a difference / correlation / association): here it is a difference
because the data is collected in only two areas (near and far from the road). Each of these is
linked to a particular stats test - if you know which stats test is being used, you know which
relationship to use

+ that there will be no (relationship): because it is a null hypothesis. There is no need to include
the word significant at this stage.

The format for writing the null hypothesis does not change. It is as follows:
there will be no (relationship) in the (dependent variable) for (independent variable)
so in this case it will be

there will be no difference in the number of tar spots on leaves for sycamore trees near busy
roads and far from busy roads.

This is the simplest form of null hypothesis to write. There are other forms of wording but they
are more complicated, and it is best to keep it simple if candidates are struggling to get to grips
with it.
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The photograph shows tar spots on a sycamore leaf.

(Source: Nigel Cattlin / Alamy Stock Photo)

Tar spots are caused by a fungus, Rhytisma acerinum, growing on the sycamore leaf.

Fungal spores spend the winter in dead leaves on the ground. When new leaves
emerge in the spring, they are infected by these spores and tar spots develop.

The fungus is known to be sensitive to sulfur dioxide and oxides of nitrogen in the air.
The fungus grows more slowly when these gases are present.

(@) A student investigated whether there were fewer tar spots on sycamore leaves
close to busy roads where air pollution is higher.

This is the method the student used.

Step 1 Choose one sycamore tree close to a busy road and one sycamore tree in
parkland away from busy roads.

Step2 Choose 15 leaves from each tree.
Step 3 Record the number of tar spots on each leaf.

{i) Give a suitable null hypothesis for this investigation.

Examiner Comments

Perfect!
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(i) Give a suitable null hypothesis for this investigation.

N

i{ < ResultsPlus
/--.. Examiner Comments

This null hypothesis includes three of the four elements, but misses out the dependent
variable - number of tar spots on leaves. It therefore scores zero.

(i) Give a suitable null hypothesis for this investigation.

N,

.--""'---'I
\( < ResultsPlus
/---. Examiner Comments
This candidate has written about a correlation, rather than a difference, so zero marks.

We know this is not a correlation because the data was collected in two locations (at two
values of the independent variable).

For a correlation, the data will be collected at multiple values of the independent variable
(usually at least five). For an ecology investigation this will usually involve a transect.
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Question 8(a)(ii-iii)
QO8(a)(ii) and (iii) was a t-test and analysis of the results.
Part (ii) was calculation of the t value.

Candidates were given a table of results including the number of tar spots on 15 leaves from each
location, and the means and standard deviation for each location.

They were given the formula to calcuate the t value. Most were able to do this successfully,
reaching an answer of 2.03. A minus value was allowed at this stage.

Where errors were made and the wrong final answer given, it was often not possible to credit
interim values since no working was shown. Where a wrong final answer was carried forward to
part (i), ecf was applied so candidates could still get full marks for part (iii).

Part (iii) was analysis of the data.

Candidates were given a table of critical values and asked to analyse the data to comment on the
results of the investigation. There were three main steps:

1. find the critical value: here the number of degrees of freedom was (15 + 15) - 2 = 28, and the
critical value (at p = 0.05) was 2.05

2. compare the calculated t value to the critical value and either accept or reject the null
hypothesis: here the calculated _t_value (2.03) was less than the critical value (2.05), so we
accept the null hypothesis

3. write a simple conclusion, including the word significant, based on what you have found out:
here a suitable conclusion would be "there is no significant difference in the number of tar
spots on leaves close to busy roads and far from busy roads".

Errors were made in each of the steps:
+ some did not select the correct critical value, because they did not know how to determine

degrees of freedom

+ some did not know the rules for accepting or rejecting the null hypothesis, and they wrongly
chose to reject it

+ some got tangled up in writing the conclusion and left parts out, including the word

significant.

Overall almost 60% achieved four marks or more on parts (ii) and (iii), showing they have got to
grips with this. AlImost 20% achieved full marks.
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~— (ii) The table shows the data the student recorded,

8 17 21 4 15
Near road 12 5 3 7 13 1293 6.78
18 22 24 16 9
20 17 13 14 24
Parkland 10 21 16 13 18 17.07 4,06
14 23 21 15 17
The student analysed the data with a t-test.
Calculate the value of t.
Use the formula
where:
X is the mean for each set of data
n is the number of samples in each set of data
S is the standard deviation for each set of data
{3)
£ =\ 0% -1 Ul - 72.03
15 613
0C” i ﬁ‘fgé: ' 3756

(&_—-
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(iii) The table shows the critical values of t for different degrees of freedom.

14 1.76 214 298
15 1.75 2.13 295
16 1.75 2,12 292
17 1.74 211 2.90
18 1.73 2.10 2.88
19 1.73 2.09 2.86
20 1.72 2.09 2.85
21 1.72 2,08 2.83
22 172 2.07 2.82
23 1.71 2,07 2.81
24 1.71 2.06 2.80
25 1.71 2.06 2.79
26 1.71 2.06 2.78
27 1.70 2.05 2,77
28 1.70 2,76
29 1.70 2.05 2.76
30 1.70 2.04 275
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Analyse the data to comment on the results of this investigation.

(3)
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iﬁ ResultsPlus
Examiner Comments

QO08(a)(ii)

Full marks for a correct answer (2.03).
QO08(a)(iii)

* mp1 achieved for correct critical value (2.05)

« mp2 achieved for correct comparison between critical and ¢ value, and correctly
accepting the null hypothesis

« mp3 achieved for a straightforward conclusion containing all the required elements.

An excellent response all round!
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Analyse the data to comment on the results of this investigation,
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\/ { ResultsPlus
/--.. Examiner Comments

This candidate achieved three marks for Q08(a)(ii) for an answer of -2.03.
However, they scored zero for Q08(a)(iii).
Not mp1 as they did not indicate a critical value in the table or the text.

Not mp2 as they said the t value was less than the critical value, but then rejected the null
hypothesis.

Not mp3 as the conclusion referred to amount of tar spots, not number.
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The student analysed the data with a t-test.
Calculate the value of t,

Use the formula t= (x* - ]
S 5

where:
X is the mean for each set of data

n is the number of samples in each set of data

S is the standard deviation for each set of data

(3)
naz - v1.07

— 6)-1. 207
s &se(e B) -8 2o
—s s
4 064 SCe (oA

Answerm ©-9A

Analyse the data to comment on the results of this investigation.
(3)

MEanrgmhmmcuPFemnmmn

mmmocwgm;mwm ........ OGN

.................... mjrﬁm&cmamm{ho&anqg

Y= U o SN o'~ T, SUUNINS 1 o ¥ K A PPN N TV SR = Wol 7 (NP7 I
e NOAAAD

oe.. T (0.53) l&t\m-}e,feo‘..t-u +aad.. At

wﬁtmvm&kpgoswlth\sam@meJ

GCE Biology B 9BI0 03 121



\( / ResultsPlus

Examiner Comments

QO8(a)(ii)
This candidate obtained the wrong final value (0.99) in part (ii).

However, they had enough interim values written in the calculation to score two of the three
available marks.

The wrong value was taken forward to part (iii) and treated as though it was the correct
value, under ecf.

QO08(a)(iii)
Not mp1 as the wrong critical value was circled in the table (2.13).

Not mp2 as although they stated that their calculated t value was not greater than the
critical value, they did not state whether to accept or reject the null hypothesis (they should
have accepted it).

Mp3 for the conclusion on lines 1-4.

' . ResultsPlus
\

Examiner Tip

Always show your interim working. Here the candidate gained two of the three available
marks, even though the final answer was wrong.

Analyse the data to comment on the results of this investigation.
. (3)

........... 'ﬁat . QOL-E '?fl'r 2,08456776,r:iowﬂf“mnu-pfrl-ngiudfaw
i @ 204, s, mmnsll.gc:lalnun'lsan+4c¢nl ..............................................................................

\/ / ResultsPlus

Examiner Comments

This candidate got the correct t value in part (ii), however they scored zero for part (iii).
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Not mp1 as the wrong critical value was selected.
Not mp2 as there is no reference to accepting or rejecting the null hypothesis.

Not mp3 as there is no conculsion. The statement "the data is not significant" is
meaningless.
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Question 8(b)
Candidates were asked to justify two improvements to the method used by the student.

The command word justify requires candidates to give evidence to support something - this is
different to the previous question asking candidates to justify something (Q07(b)(ii)) because here
they had to suggest the improvements, as well as giving the reasons behind them.

There were four marking points for two marks; these can be summarised as:
1. selecting leaves from more than one tree / selecting leaves from trees in other locations so

that the results are more repeatable / representative

2. selecting leaves or trees using random sampling in order to avoid bias / measuring leaves in
order to calculate number of spots per cm?

3. controlling another variable so that distance from the road is the only variable affecting
number of tar spots / giving an appropriate reason

4. selecting trees at different distances from the road in order to test for a correlation
/measuring levels of air pollution in order to test for a correlation.

Candidates found this very challenging, with only 35% scoring one mark or more. The biggest
problem was candidates who gave sensible improvements, but no reasons for them; this was the
most common error that we saw.

Where candidates did suggest reasons, there were several commonly seen answers which did not
score.

1. A lot of candidates suggested selecting more than 15 leaves from each tree; this was not
necessary, as 15 was a big enough sample. Some also suggested that the reason was so a
mean could be calculated, but this was done with 15 leaves.

2. Both alternatives of this marking point were seen, and this was the most commonly achieved
mark in this question.

3. Some candidates suggested controlling a variable, eg the height the leaves were selected
from (which was a good idea), but then gave a reason such as "because height on tree might
affect number of tar spots". We were looking for a specific reason linked to the infection, eg
that lower leaves are closer to the fungal spores on the ground or that lower leaves are closer
to the source of the air pollution.

4. The most common reason given for this was simply to collect more data.

(b) Justify two improvements to the method used by the student.

andom... RepPedt {£ov +two. Moo
______ n v DT/ 2 B ¢ AV 3 A o2
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ResultsPlus

Examiner Comments

This candidate suggested two good improvements, but did not give a reason for either, so
scored zero.

(b) Justify two improvements to the method used by the student.

. Sf g ofe rme.  PoscMy ox dvees. M. Coonn

a\ -
ResultsPlus

Examiner Comments

This candidate attempts to justify their first improvement, but we are not accepting
choosing more than 15 leaves.

They make two further suggestions of improvements, but do not justify these, so zero
marks.

(b) Justify two improvements to the method used by the student.

Ust  leant f w{lﬂ S.M;Lu/ Size o bhis  mems He

L’n/ by,
a.f P
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_ ResultsPlus

Examiner Comments

This candidate achieved mp2 in lines 1-3.

They then attempted mp1 but gave an unsuitable reason - using different locations would
make the data more representative, not remove bias.

(b) Justify two improvements to the method used by the student.

E2Us ors (TotalforQuestion E:Elrks}

_ ResultsPlus

Examiner Comments

This candidate achieved mp4 in lines 1-4.

They then suggested choosing more leaves from each tree, so no further credit.

(b) Justify two improvements to the method used by the student.
(2)

.....

trors Ukl al:.._gi;.gm._..,,.é«t'ak.b ot

126 GCE Biology B 9BI0 03



N
ResultsPlus

Examiner Comments
This strong answer gains mp2 and then mp3 for the idea of same height on tree -

candidates had been told that the fungal spores overwinter in dead leaves on the ground, so
this was a valid point.

(b) Justify two improvements to the method used by the student.
ar———

Examiner Comments

This well-written answer scores mp2 and mp1.
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Question 9(a)

Q09 tested candidates' understanding of transport in plants, including Core Practical 8:
investigate factors affecting water uptake by plant shoots using a potometer.

Q09(a) asked candidates to explain one way in which xylem vessels are adapted for their function
of carrying water in plants. There were two marks available for this: the first mark for describing
the adaptation and the second for explaining how this facilitated water transport.

The mark scheme included four pairs of linked statements. The most commonly seen answers
related to lignin making the vessels waterproof or strong (so they could withstand high pressure)
and to them being hollow to allow free water movement.

This question was very well answered.

9 Transpiration is the loss of water from the leaves of plants.
(a) Water moves through xylem vessels in a plant during transpiration.

Explain one way in which xylem vessels are adapted for their function.

__________ Lk%ngﬂfuv%j&mwmxymmmd—m
(,bl,u_uh .......... Woker Ripof.. it Xple . con .

AN P oo s A ol
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N '{ ResultsPlus
/'--.. Examiner Comments

This achieved mp3 and 4.

9 Transpiration is the loss of water from the leaves of plants.
(@) Water moves through xylem vessels in a plant during transpiration.

Explain one way in which xylem vessels are adapted for their function.
(2)

XJ{%VW&GAMFfAhMVW%d/(M&/Q
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ResultsPlus

Examiner Comments

This response achieved mp7 and 8.

9 Transpiration is the loss of water from the leaves of plants.
(a) Water moves through xylem vessels in a plant during transpiration.

Explain one way in which xylem vessels are adapted for their function.

{2)
4‘;\:@ ....... oo MO AANS ontdl Ok 00ad. MOSve. X
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ResultsPlus

Examiner Comments

This response did not achieve mp3 as lignin was not mentioned. However it achieved mp4.

9 Transpiration is the loss of water from the leaves of plants.

(a) Water moves through xylem vessels in a plant during transpiration.

Explain one way in which xylem vessels are adapted for their function.

@)
o \o ‘1&\ w\\S’ ﬁﬁw ?«r (0-bigion I‘nﬁim ol
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ResultsPlus

Examiner Comments

This response achieved mp1 and 2.

9 Transpiration is the loss of water from the leaves of plants.
franspiration

(a) Water moves thmm;uﬂﬂm'g transpiration,

Explain one way in which xylem vessels are adaj for their fu

(2)

naeasrd  copiaty -

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

ResultsPlus

Examiner Comments

Another response achieving mp1 and 2.
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Question 9(b)(i)
Candidates were given a graph showing the rate of transpiration in oat seedlings over one day.

They were asked to calculate the mean rate of change in transpiration from 5 to 13 hours, and to
give their answer to 1dp.

The first step was to read the values for rate of transpiration at 5 and 13 hours from the graph.
Candidates should then have carried out a simple calculation, as follows:

(rate at 13 hours - rate at 5 hours)/8 = 25.3 (answers in the range 25.0 to 25.6 were accepted)

Our perception when marking was that candidates did well on this question, but in fact just over
half scored the mark available. Problems included:

* not reading values from the graph correctly (including the times) - this was by far the biggest
problem
* not carrying out the correct calculation from the readings obtained

* not giving the answer to 1dp.
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(b) The graph shows the rate of transpiration in oat seedlings during one day.
Windspeed and humidity were controlled.

250

s [ sttt e
{HRaE REREEANR: Shb N P E
150 :Z';-.,.. 1 b _ : :_ ]
Transpiration rate 1 T A

/g m*hour T TN T
PO 4 S ke A 1 , R
b L TR
R e T R ]

o T11 r1|r;1 i F 4 1= + |
0 2 4 6 8 10 12 14 16 18 20 22 24
Time / hours

(i) Calc&late the mean rate of change in transpiration from five to thirteen hours,

Give your answer to one decimal place.
225 -t T 201 (1)

o3 _ a5 3n
Ty AN |

254

ResultsPlus

Examiner Comments

This candidate correctly read the two values from the graph within the tolerance allowed.

They subtracted correctly and divided by 8 to achieve the correct answer given to 1dp.
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(b) The graph shows the rate of transpiration in oat seedlings during one day.
Windspeed and humidity were controlled.

250 7—

™
Tefeogin
i

200}

150 {—1~——
Transpiration rate - ¥
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504t

(i) Calculate the mean rate of change in transpiration from five to thirteen hours.

Give your answer to one decimal place.

10 at 9 houn w
RO~ A0
RQO'UE'IS ___,______:o.qu
| 220
Answer O‘q g m~? hour

ResultsPlus

Examiner Comments

This candidate did not read the values from the graph very accurately. However, they would
still have been just within tolerance if they had divided the numerator by 8 (the number of
hours) rather than carrying out what looks like a percentage calculation. So no marks.
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(b) The graph shows the rate of transpiration in oat seedlings during one day.
Windspeed and humidity were controlled.

250 -
200
150
Transpiration rate
/g m~?hour!

o0t

e |

i1 S R A R L
10 12 14 16 18 20 22 24
Time / hours

() Calculate the mean rate of change in transpiration from five to thirteen hours.
Give your answer to one decimal place,

(1
2_?’_2_—_2_?-‘5- - =205

‘ ¥
Answer .. 20205 gm?hour

ResultsPlus

Examiner Comments

This candidate correctly read both values from the graph and subtracted them. They did not
carry out the last step (dividing by 8) so did not score.
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(b) The graph shows the rate of transpiration in oat seedlings during one day.
Windspeed and humidity were controlled.

250 o cagtd
200 4t
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Transpiration rate #1‘ o
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Time / hours

(i) Calculate the mean rate of change in transpiration from five to thirteen hours.

Give your answer to one decimal place.

(1}
200 - (2.3

\'S—-S

Answer ZSL\ g m~2 hour!

/ ResultsPlus

Examiner Comments

This candidate read a wrong value from the graph (15 hours instead of 13 hours).

Although they carried out the rest of the calculation correctly, their answer was outside the
range of tolerance accepted, so they did not score.

<.B ResultsPlus

Examiner Tip

If you are reading any values from a graph, take time to make sure you are doing this
accurately, and that you have read the scale properly - you will lose marks if you do not do
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Question 9(b)(ii)

Candidates were asked to explain the shape of the graph (showing transpiration rate in oat
seedlings) over the 22-hour period.

There were five marking points for three marks and we were looking for clear statements about
what was happening, when it was happening and why it was happening, eg between 5 and 13
hours the rate of transpiration increased because light intensity / temperature increased.

Many candidates found this very challenging because:

+ they were not able to read time values accurately from the graph. Many took a very relaxed
approach to the data, and were often as much as 2 hours out in describing the timing of
events

+ they did not consider the sense of what they were saying, eg that it became dark at 13 hours
(1pm)

+ they used imprecise, non-scientific language, eg the sun was out / there was more light,
rather than referring to light intensity increasing

+ some tried to explain the graph in terms of changes in humidity and wind speed, despite
being told these had been controlled.

This question also showed that many candidates have a very shaky understanding of
transpiration, and some tried to explain it solely in terms of photosynthesis. We found similar
problems when transpiration was last tested in the 2022 series. This is an area which centres
could profitably work on, in order to improve understanding.

Overall, only 12% scored all three marks, and almost 40% scored zero. The most commonly seen
marking point was mp2, that stomata are closed in the dark; this was the only marking point that
did not require an accurate time link.
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(i) Explain the shape of the graph over the 22-hour period.
(3)
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<g§ ResultsPlus
Examiner Comments

This candidate had problems reading accurately from the graph. On lines 1-2 they refer to 0
to 6 hours (should have been 1 to 5 hours) and 20 to 24 hours (should have been 21 to 23

hours).

oy

They use terms like "the sun is directly overhead" and "the sun is falling", rather than
referring to light intensity or temperature.

They scored one mark, mp2 on line 2-3 for stomata being closed in the dark.
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\) \ ResultsPlus

Examiner Tip

If your answer depends on reading times accurately from a graph, make sure you have done
this carefully - lack of precision costs marks!

(i) Explain the shape of the graph over the 22-hour period.
(3)
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ﬂ ResultsPlus
Examiner Comments

This answer scored three marks:

* mp2 on line 2 for stomata closed in no light

* mp1 on lines 2-3 for low rate of transpiration when no light (not for the statement about
0-5 hours, as no data for 0 hours on graph)

+ mp5 on lines 7-9 for 13-21 hours, light intensity falls, transpiration decreases.

Not mp4 as they describe it as optimum light intensity, and do not refer to the effect on
transpiration.
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(1) Explain the\ of the graph qyguEISRRsRmnperiod.

(3)
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<Z§ ResultsPlus
Examiner Comments

This response scored mp2 only, for stomata closing at night.

They describe the shape of the graph without explaining at the start. When they begin to
explain on line 3, there are no links to changes in temperature or light intensity, so no
further marks.

(i) Explain the shape of the graph over the 22-hour period.
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ResultsPlus

Examiner Comments

This response scored one mark; mp1 on lines 1-4 (rate of transpiration increases... from 5-13
hours... light intensity increases).

Not mp4 as although they say that transpiration peaks at 13 hours they do not explain why.

Not mp5 because although they say transpiration decreases from 13-21 hours, they link this
to the sun setting.

(i) Explain the shape of the graph over the 22-hour period.
(3)
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ResultsPlus

Examiner Comments

This candidate scored zero for a description of the graph without any attempt at
explanation.
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(i) Explain the shape of the graph over the 22-hour period.
{3)
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<Z§ ResultsPlus
Examiner Comments

This answer scored three marks:

* mp 2onlines 1-2

* not mp3 on lines 4-8 as no reference to increase in transpiration rate

* mp4 on lines 8-10

« not mp5 on lines 11-13 as they say after 15 hours (should be after 13 hours)

* mp1 onlines 14-15.
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Question 9(c)

Candidates were given diagrams of two types of potometer and asked to evaluate which would
be better to measure the rate of transpiration.

Potometer A was a classic Ganong's potometer which measured water uptake through the
movement of a bubble along a capillary tube with a scale.

Potometer B was a mass potometer which measured water loss though the change in mass as it
was positioned on an electronic balance.

There were six marking points for five marks; 23% of candidates scored zero on this, but around
65% scored one or two marks and 10% scored three marks. Higher scores were rare.

The most commonly seen marking points were mp1, mp3, mp4 and mp6.
This question showed some common misconceptions:

+ that the mass of the water lost would be too small to measure on the balance

+ that the mass of water lost could not be converted to a volume, so potometer A must be
better

+ that the mass of gases lost (through respiration or photosynthesis) would make the results in
potometer B invalid

+ that the root in potometer B would get in the way, so A would be more accurate

+ that the lack of an oil layer on the reservoir of potometer A made it less valid.
It was clear that some candidates had carried out an investigation with a potometer (usually type
A), but some wrote about the difficulties of air bubbles in the shoot and the ability to reset the

position of the bubble on the scale, without linking this to the measurement of the rate of
transpiration.

This was a challenging question which discriminated well.
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(c) The diagrams show two types of potometer, A and B.

cut shoot

reservoir

scale

capillary tube

beaker of water

air bubble

electronic balance

A

Evaluate which type of potometer would be better to measure the rate
of transpiration.
(5)
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\'/ / ResultsPlus
/'--.'. Examiner Comments

This was a very strong answer showing understanding of the two types of potometer and
the ability to recognise the strengths and weaknesses of each.

It was one of only three to score full marks on this question: * mp4 on lines 1-2 * mp3 on
lines 2-4 mp1 on lines 4-5 * mp2 on line 6 * mp6 on lines 8-9 * mp3 again for the idea that
air bubbles might disrupt the transpiration stream in Potometer A,
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(c) The diagrams show two types of potometer, A and B.

capillary tube

air bubble beaker of water

electronic balance

A B

Evaluate which type of potometer would be better to measure the rate
of transpiration.
(5}
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Examiner Comments
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This is a thoughtful answer, which scored three of the five marks:

* mp6 on lines 3-5
* mp3on lines 8-10

* mp4 converse at the end.

Evaluate which type of potometer would be better to measure the rate
of transpiration.
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ResultsPlus
Examiner Comments
This answer scored one mark only, mp1 on lines 3-4.

It came close to mp3 in the comment about bubbles in the shoot, but did not link this to
changes in water uptake.

The comment at the end about the oil layer in Potometer B, and the reservoir without an oil
layer in Potometer A did not gain credit, as the reservoir did not need an oil layer.
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Evaluate which type of potometer would be better to measure the rate
of transpiration.

(5)
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ResultsPlus

Examiner Comments
This answer scored one mark only, mp1 on lines 4-5.

They came close to mp4 at the end, but did not explain the advantage of it being able to be
reset, ie that repeats can be done more easily.
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Evaluate which type of potometer would be better to measure the rate
of transpiration.
(5)
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: ResultsPlus

Examiner Comments

This candidate did not provide any evidence to back up their decision, so no marks.
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Question 9(d)(i)
Q09(d) tested knowledge of the movement of sugar from the leaves to the roots of a plant.

In Q09(d)(i) candidates were shown an investigation where a single leaf of a plant was supplied
with carbon dioxide containing the radioisotope '“C. They were told that the stem of the plant was
cut after a few hours and the cut section was placed on a photographic film, where any
radioactivity would cause darkening of the film.

They were asked to shade a labelled diagram of a section through the stem, to show which areas
would be darker.

This was very well done, with over 90% of candidates shading the phloem and nothing else.

Candidates who did not score shaded the xylem, the cortex or the whole section. A number left
this blank.
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(d) A scientist investigated the movement of sugar from the leaf to the roots of
a plant.

One leaf was supplied with carbon dioxide containing the radioisotope "*C.
The diagram shows part of the apparatus used by the scientist.

glass jar containing
"o,

___________________ section cut through
stem after a few hours

The sugar produced by photosynthesis in this leaf is radioactive.

After a few hours, a section was cut through the plant stem and placed on
photographic film.

Structures containing radioactive material will cause darkening of the film.
The diagram shows the structure of the stem when a section is cut.

pith

cortex

(i) Shade the areas you would expect to be darker because they are transporting
radioactive sugar.

(1)

ResultsPlus

Examiner Comments
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This is what we were hoping to see for one mark.
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Question 9(d)(ii)
Candidates were asked to name the radioactive sugar which caused the darkening on the film.

Around 60% were able to correctly name sucrose. The most common wrong answer was glucose,
although a variety of other compounds were named including starch, maltose, fructose and
carbon monoxide.
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Question 10(a)

Q10 tested candidates' understanding of in-situ conservation and human influences on
ecosystems in marine habitats.

Q10(a) gave candidates information about legal protection for coastal areas around the UK and
asked them to comment on the benefits and difficulties of in-situ conservation in coastal and
marine sites. We were looking for benefits and difficulties specific to these sites, not a generalised
list. Some candidates found it easier to recognise the specific difficulties, rather than the benefits.

The mark scheme can be summarised as:
1. prevents habitat loss / prevents named damage to habitat. We did not accept protects the
habitat, as this was given in the stem of the question
maintains food chains
(stay in own habitat so) does not affect behaviour / less vulnerable to disease
. increased education / public awareness
. animals may migrate in and out of protected areas
some commercial or leisure activities prevented

people may break the law / difficult to enforce the law

©® N o U A W N

. difficult to monitor species over a large area.
We ignored the idea of cost, as it would be impossible for candidates to quantify this.

This question was generally well done, with over half of candidates gaining at least two marks.
MP3, 6 and 7 were most commonly seen. The main problem was responses which were too
vague at this level. A small number of candidates confused in-situ conservation with ex-situ
conservation, and wrote about the benefits and difficulties of keeping marine organisms in tanks.
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10 Oceans cover 71% of the Earth's surface. Marine and coastal habitats are thought to
contain about one quarter of all species worldwide.

(a) Some parts of the UK coastline have been designated Marine Conservation

Zones (MCZ). These are part of a wider network of sites protected by law, called
Marine Protected Areas (MPA).

Large parts of the UK coastline and the sea surrounding it are protected in this
way. There are more than 370 protected coastal or marine sites around the UK,

The regulations in these areas protect coastal and marine habitats, and the
communities and species which live in them, from damage by humans.

This is an example of in-situ conservation.

Comment on the benefits and difficulties of in-situ conservation in coastal and
marine sites.
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Examiner Comments

This response scores two marks:
+ mp3 for the idea that it "avoids the effects of domestication so they can live how they
naturally would". The comment on "less disruption" was not enough for mp3.

+ mp7 for the idea that the species may not be completely protected, eg poaching could
still take place. Without the example this marking point would not have been achieved.
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Comment on the benefits and difficulties of in-situ conservation in coastal and

marine sites.
(4)
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/'--.. Examiner Comments

While all four of these comments were true, there was not enough detail in any of them for
credit.

They did not suggest why it was an advantage for the animals to remain in their habitat, or
how the ecosystem was not disrupted, eg by food chains being maintained.

With further information on each point, this answer could have gained three marks.
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Comment on the benefits and difficulties of in-situ conservation in coastal and
marine sites,
(4)
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Examiner Comments

This response scored zero. The first section (on benefits) contained two main ideas:

+ that it was better for organisms to stay in their own habitat because they had perfect
living conditions. This was too vague to gain credit

« that it was cheaper than ex-situ conservation; however, the mark scheme made no
reference to costs.

The second section (on difficulties) focused mainly on the problems of things being eaten by
their natural predators, eg birds eating fish. It is not the role of the MCZ to prevent this
happening.
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Comment on the benefits and difficulties of in-situ conservation in coastal and
marine sites.

(4)
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Examiner Comments

This well-organised answer gained full marks:

+ mp2 for food chains maintained
« mp8 for hard to keep track of species numbers
* mp6 for may damage the economy of coastal towns which rely on fishing

« mp7 for people may ignore the regulations.
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Comment on the benefits and difficulties of in-situ conservation in coastal and
marine sites.

(4)
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Examiner Comments

This strong answer achieved full marks:

+ mp3 for the idea that behaviour does not change
+ mp2 for food webs not being affected
« mp5 for animals migrating in and out of protected sites

« mp7 for illegal fishing and people not following the law.
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Comment on the benefits and difficulties of in-situ conservation in coastal and
marine sites,
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Examiner Comments

Another strong answer achieving full marks:

« mp1 for less stressful than being kept in tanks
+ mp5 for the idea of migrating out of protected areas
* mp6 for the idea of fishermen losing jobs or income

« mp8 for harder to monitor because they are not kept in tanks.
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Question 10(b)

Candidates were given information about the importance of seagrass meadows as a habitat, and
about a pilot study to plant seagrass meadows off the coast of Wales. There was no credit for
copying information from the stem, but credit was given when candidates commented on this, or
expanded on it.

The mark scheme contained indicative points in three main areas:

+ E points (general effects of seagrass meadows) eg carbon storage, protection from coastal
erosion, role in food chain, role in protection of commercial fishing, role in maintaining
biodiversity, ie supporting a range of species (not just fish), production of oxygen and
reduction in ocean acidity;

+ B points (benefits of pilot study) eg general benefits, eg small scale to study effects,
contributes to knowledge and research, seagrass is declining very fast so action is needed,
increased local biodiversity; and benefits specific to this study eg details of method
(biodegradable bags, rope pegged to sea floor, bags contain sediment with minerals), should
legally protect this newly planted area, uses seeds from UK sites;

+ P points (problems with the pilot study) eg general problems eg factors causing decline of
seagrass still exist, existing meadows should be protected by law; and problems specific to
this study, eg a very small area was planted, seeds were removed from other UK sites and
this may damage existing sites, collecting seeds by hand is very time-consuming, very low
germination rate, germination takes a long time and there is no long term data on success
rate, details of method (pegged-down rope may harm organisms living on the sea bed, bags
of seeds may be eaten by fish).

No prior knowledge of seagrass was assumed, but the information given allowed candidates to
draw in other areas of the A level specification, and their wider knowledge. This was
an opportunity to assess the impact of a project on a real situation, and to bring together a
reasoned evaluation. It was pleasing to see so many candidates doing well on this, and almost
70% reached level 2 or above.

The biggest problems were:

+ candidates who copied information from the stem and did not comment on it - this did not
gain credit

+ candidates who wrote only about E points and therefore confined themselves to level 1.
Generally, candidates found it easier to write about the E points, perhaps because so many
pointers were given in the stem of the question

+ candidates who had a header "importance of the pilot project" but then went on to make
general E points; these were credited as E points, but it meant than they had not made points
about the pilot project and therefore limited which level they could achieve.

Indicative content E1, E4, E5a, E5b, B8, B9, P1, P5a, P5b, P7 and P8 were seen most often, but all
indicative content points were seen. Around 26% of candidates achieved level 3, and they
produced some excellent, thoughtful answers.
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*(b) Seagrasses are flowering plants that live underwater in coastal habitats.

Seagrass meadows are one of the world’s most threatened habitats, but only 26%
are within Marine Protected Areas.

In the past, seagrass meadows were common worldwide, Over the last 90 years
the area covered by seagrass has declined dramatically, with around 7% being
lost each year.

These losses are due to water pollution, damage from fishing, dredging and
building ports.

Worldwide, seagrass covers 0.2% of the ocean, but is estimated to be responsible
for 10% of its carbon storage. It can store at least 0.5 tonnes of carbon per hectare
per year, which is more than a tropical rainforest.

Seagrass meadows protect the coastline from wave erosion. They also provide
food and shelter for young fish, including commercially important species
like cod.

Around the UK, 90% of seagrass meadows have been lost and only 8 500 hectares
remain. A pilot project will plant two hectares of seagrass meadow off the coast
of Wales.

Different planting methods have been trialled at different sites. The diagram
shows the most successful method, where 4% of seeds germinate after
eight months.

Small bag made
of loosely-woven
biodegradable cloth

Rope pegged horizontally
on seafloor

Each bag contains 100 seagrass seeds plus marine
sediment. Seeds were collected by hand from existing
meadows around the UK coast
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Examiner Comments

This candidate spent a lot of time copying information from the stem without further
comment, and no credit was given for this.

They commented on the general effects of seagrass (E points) and the benefits of the pilot
project (B points) and scored two marks:

+ E5a for the comments on fishing for cod, halfway down the first page.

+ B9 at the bottom of the first page - the pilot project is important because so much

seagrass has been lost.

This resulted in Level 1, two marks.

lf \ ResultsPlus
\

Examiner Tip

Don't just copy information from the stem, this will not gain marks. You should always make
a comment on the information in the stem - expain why it is important, or why it is having
that effect.
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Analyse the information to evaluate the importance of seagrass as a habitat, and
the importance of this pilot project.

casbon. slerage
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Examiner Comments

This response scored Level 2, four marks.

They commented on the general effects of seagrass (E points), the benefits of the pilot
project (B points) and the problems (P points).

They scored as follows:

+ E1 in their first bullet pointed section
+ E4 for the comments on preventing coastal erosion and protecting coastal habitats
+ B9 for the importance of the pilot project

+ P7 for the idea that the things causing decline of seagrass have not changed.

Not quite enough for E5a at the end.
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Analyse the information to evaluate the importance of seagrass as a habitat, and
the importance of this pilot project.

9)
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Examiner Comments

This response scored Level 1, three marks.

It included general effects of seagrass and achieved the following points:
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* E4 for the comments on coastal erosion, E1 and E5a.

Although they had a section starting "Pilot project is important ..." the points they made here
were the general benefits of seagrass and not specific to the project, so these did not gain
credit as B points.

Analyse the information to ev. e the importance of seagrass as a habitat, and
the importance of this pilot pro' E

(9)
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Examiner Comments

This answer scored Level 1, three marks.
It included general effects of seagrass (E points) and problems with the pilot study (P points).

This candidate achieved E5a, for the comment on commercial fishing; and two P points for
the comments on low germination rate and the idea that it may not be worth the cost.

They did not achieve E1 as although they recognised seagrass stores a lot of carbon (this
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was in the stem), "a benefit for the environment" was too vague.

Analyse the information to evaluate the importance of seagrass as afijisiiiénd
the importance of this{liSNpISIEENy
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Examiner Comments

This answer scored Level 3, nine marks.

It contained general effects (E points), benefits of the pilot study (B points) and problems (P
points), as follows:

First page

Comments on E5a (commercial fishing), E5b (food chains), P7 (problems causing the decline
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are still there)
Second page

Comments on B8a (method - biodegradable bags), E1 (climate change), B8b (method -
sediment containing minerals), P1 (only 2 hectares), P5a (low germination rate), P5b (no long
term data).

So, nine points overall, 3xE, 2xB, 4xP. This meets the criteria for nine marks.

GCE Biology B 9BI0O 03 171



Analyse the information to evaluate the importance of seagrass as a habitat, and
the importance of this pilot project.
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Examiner Comments

This very strong answer scored Level 3, 8 marks, as follows.

On the first page

E1 for comments on climate change, E2 for ocean acidification, E5b for the importance in
maintaining food webs, E5a for commercial fishing, E4 for coastal erosion.

On the second page

B9 for the importance of the pilot project, and several problems related to the pilot project:
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P5b, P5a, P1 and P7.

The answer covered general effects (E points), benefits of the pilot study (B points) and
problems of the pilot study (P points), so was a level 3 answer.

There were 10 points overall: 5xE points, 1xB point and 4xP points. It was limited to 8 marks,
as the requirement for 9 marks was at least two each from B and P.
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Analyse the information to evaluate the importance of seagrass as a habitat, and

— e

the importance of this pilot project.
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\'/ / ResultsPlus

Examiner Comments

| ResultsPlus
\ Examiner Tip
This very strong answer scored Level 3, 9 marks. It included general effects of seagrass (E

points), benefits of the pilot project (B points) and problems with the pilot project (P points),
as follows:

First page
Comments on E1 (climate change), E4 (coastal erosion), E5b (food chains), E6 (biodiversity)
Second page

Comments on E5a (commercial fishing), P9 (protection of existing meadows), P7 (factors
causing decline still remain), B5 (local biodiversity), P1 (small area), P5a (low germination
rate), P5b (long time to have an effect), B8a (biodegradable bags), P6 (time-consuming to
collect seeds).

Overall there were 13 points: 5xE points, 2xB points, 6xP points. This met the criteria for 9
marks.
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Question 11(a)(i)

Q11 tested candidates' understanding of microbial techniques, including Core Practical 12:
investigate the rate of growth of bacteria in liquid culture.

Q11(a) gave candidates information about bacteria grown in liquid culture, which were then
counted by serial dilution and plating. A diagram set out a dilution series, and candidates were
told how many colonies were counted on each plate. They were also reminded that each colony
represented a single bacterium in the original culture.

The mark scheme allowed them to use tubes C, D or E to calculate the number of bacteria, or a
mean taken from two or three of these.

Responses to this question were very mixed. Around 35% scored at least one mark; many more
knew how to carry out the calculation, even if they made errors as they were doing it. However,
some candidates were unsure how to deal with this.

Some candidates forgot that 0.5cm? was taken from the final culture to be plated, and so ended
up with an answer half of what it should have been. They could still score mp1.

Quite a few candidates obtained an answer which was a factor of 10 out (almost always low); they
should be encouraged to use any scaffolding which is provided for them in the question. Here
there was a partially completed row in the table to help them to calculate the dilution factor for
each tube, but many ignored it.
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11 The growth of bacterial populations can be studied if they are growmindiguic:culture.

(a) One type of bacteria is grown in nUtFENE broth URder SE&pticconditions.

The number of bacteria in the culture at a particular time can be determined
using serlabdilution.and plating.

The diagram shows the dilution series used.

1 cm’ 1 cm’ 1 cm? l cm? 1 cm3 Tem?

9em? 9cm? 9ecm? 9cm? 9cm? 9cm?
culture water water water water water water
F

One sample of Gefh’ is taken from each tube (A to F). Each sample is spread
onto a separate agar plate using aseptic technigue.

The plates are incubated at@88Cfor 48iiBurs and the number of colonies on each
plate is counted.

Each colony represents a single bacterium in the original culture.

The table shows the results obtained.

A B C D E F

* * 126 13 1 0

1in10 [ [vatoe | L tooo | (g toow| fintoe o

= too many colonies to count
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(i) Calculate the number of bacteria per cm? in the original culture.

Give your answer in standard form.
o
Ji Tlfk = o e B o
U :j ‘z ) ,3 Co ( < 0. IM’ ‘
26 U&N‘u e lax?

Do Lttty o oo

(2)

Vol bedd 26 x 10,000 = Z{ﬁ;ﬂlﬁ '-Jah.u{ | YR PR

~ { ResultsPlus
/--.. Examiner Comments

This candidate used the row in the table on page 1 to calculate how much each tube had
been diluted.

They decided to work with tube D, and noted there were 13 colonies from 0.5cm? of culture,
so 26 from 1cm?.

They noted that it had been diluted by a factor of 10,000.

They used the fact that each colony represents a single bacterium to obtain a value of
260,000 bacteria.

They then correctly converted this to standard form for two marks.
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11 The growth of bacterial populations can be studied if they are grown in liquid culture.
(a) One type of bacteria is grown in nutrient broth under aseptic conditions.

The number of bacteria in the culture at a particular time can be determined
using serial dilution and plating.

The diagram shows the dilution series used.

1 cm‘ 1 cm’? 1 crn’ 1 cm? 1 cm?

9em? 9cm? 9cm? iilcm3 9em? 9cm’
culture water water water water

One sample of 0.5¢cm’ is taken from each tube (A to F). Each sample is spread
onto a separate agar plate using aseptic technique.

The plates are incubated at 25°C for 48 hours and the number of colonies on each
plate is counted.

Each colony represents a single bacterium in the original culture.

The table shows the results obtained.
A B C D E F
* * 126 13 1 0

1in10 |t M 102, yp 1060

* = too many colonies to count
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(i) Calculate the number of bacteria per cm? in the original culture.

Give your answer in standard form.

N og\Lsornl 2)
\Zox+eoo~

TAe~a0 0
D' o- 000
12 x(0GQ0 0

_ [%0000

S
__:[_-3);((3

?
Answer ... ‘Sx 'O .................... per cm’

N

N { ResultsPlus
/--.. Examiner Comments

This candidate also completed at least part of the table on page 1 and chose to work with
the data from tube D.

Their calculation was correct, but they forgot that 0.5cm? of the final tube was taken and
added to the plate, so they should have doubled their final answer.

This scored mp1 only.

” lf ResultsPlus
\

) Examiner Tip

In @ multi-step process like this, check your final answer by looking back at the diagram and
make sure you have considered all the steps.
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11 The growth of bacterial populations can be studied if they are grown in liquid culture.
(a) One type of bacteria is grown in nutrient broth under aseptic conditions.

The number of bacteria in the culture at a particular time can be determined
using serial dilution and plating.

The diagram shows the dilution series used.

1emy’ 1 cm? 1 cm’ 1 cm’ 1 cm3 1em’

9cm? 9cm? 9cm’® 9em’ 9cm? 9cm’
culture water water water water water water

One sample of 0.5 cm? is taken from each tube (A to F). Each sample is spread
onto a separate agar plate using aseptic technique.

The plates are incubated at 25°C for 48 hours and the number of colonies on each
plate is counted.

Each colony represents a single bacterium in the original culture.

The table shows the results obtained.

A B C D E F
* " 126 13 1 0
1in10

* = too many colonies to count
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(i) Calculate the number of bacteria per cm? in the original culture.

Give your answer in standard form.

'S n D@'Sms
D s dilahin Jodeor of 15 10OO

O '>LM3

(2)

zae‘x\()“

Answer ....... oo PF CM?

N,

.-"'-F---'I
~ < ResultsPlus
/--.. Examiner Comments
This candidate did not complete the table on page 1 and they also chose to work with the
data from tube D.
Unfortunately, they did not correctly calculate the dilution factor.

They remembered that 0.5cm? of the final tube was taken, and doubled their answer, and
gave the final answer in standard form. However it was a factor of 10 out, so they scored
zero.

" 'f \ ResultsPlus
\

) Examiner Tip
If you are given a row in a table to complete, it will help you with the calculation.

It is always worth doing this, even if there are no marks for filling it in.
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Question 11(a)(ii)

Candidates were given a typical population growth curve for bacteria (where Log,, number of
bacteria was plotted against time) and asked to explain the shape of the graph.

For each of the four growth phases, we wanted to see three pieces of information:

+ the name of the phase, or the time it was taking place eg lag phase / 0 to 1.3 hours

« what was hapenening, eg slight increase / slow increase / very little change in numbers of
bacteria

+ why it was happening, eg bacteria are adjusting to conditions.
This proved very challenging for many candidates. The main problems were that:

+ some candidates had difficulty reading the times off the graph (a similar problem to those
encountered in Q09(b)(ii)); here it was not such a problem, as they could name the phase
instead of giving times

+ some candidates named the phase, but did not describe what was happening to the numbers

of bacteria; for some reason this was particularly a problem in the death phase

« some candidates did not give a reason for the change in number of bacteria; this was
particularly a problem in the log phase.

Many candidates started well and gained mp1, but then left out critical pieces of information in
other phases. Mp1 and 4 were most commonly achieved. Overall almost 63% of candidates
gained at least one mark. Four mark answers were rare.
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(i) The graph shows the population of bacteria in a culture, as determined using
this method.
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Explain the shape of this graph.
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</‘\_Z ResultsPlus
Examiner Comments

This well-organised answer scored all four marks. In each case they identified the name of
the phase of growth, stated what was happening eg slight increase, rapid increase, etc
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and gave a reason to explain why it was happening.

Explain the shape of this graph.
(4)
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ResultsPlus

Examiner Comments

This candidate scored zero. They did not name any of the phases, and their timings read
from the graph were not always accurate.

However, the biggest problem was that they simply described the shape of the graph and
did not attempt to explain it at all.

/"’,—' .\I

Q ResultsPlus

Examiner Tip

Read the command word carefully, and make sure you give the information that is required.
Giving a description when an explanation is needed will lose marks.
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Explain the shape of this graph.
(4)
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iﬁ ResultsPlus
Examiner Comments

This candidate also scored four marks. A clear account of what is happening in each stage,
and why.
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(i) The graph shows the population of bacteria in a culture, as determined using
this method.
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Explain the shape of this graph.
(4)
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ResultsPlus

Examiner Comments

This response scored one mark, mp1 only. For this stage they named the phase, said what

was happening (not much growth) and gave a reason (bacteria getting used to the
conditions).

They attempted mp2 and 3, naming both of these phases and saying what was happening,
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but did not give a reason for the change in number of bacteria.

For mp4 they named the phase and gave a reason (build up of toxic waste), but did not
describe the change in number of bacteria (that it was decreasing).
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Question 11(a)(iii-iv)
These were two linked questions.

In part (iii) candidates were asked to calculate the exponential growth rate constant, k, for the
population growth curve in part (ii).

In part (iv) they were asked to use this to find the mean generation time, g.
In both cases, they were given the formula to use.

Candidates managed these questions very well, with over 55% gaining all three marks. Where
marks were lost it was usually because they used the values 102 400 and 400, rather than the
logs of these values, or because they rounded incorrectly.
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(ili} Between 1.3 hours and 4.7 hours the number of bacteria is rising very rapidly.

The number of bacteria can be calculated at any time in this period using the
exponential growth rate constant, k.

The number of bacteria per cm? at the start of this period was 400 and the
number 3.4 hours later was 102400.

Calculate the value of k when the culture has been growing exponentially for
3.4 hours.

Give your answer to two decimal places.

Use the formula:

k = log,, N, - log,, N,
0301 xt

where N, = the number of organisms at time ¢
N, = the number of organisms at time 0
k = the exponential growth rate constant
t = the time the culture has been growing
(2)

09,0 102400 =~ 109 4409
0-301 X 3.4
7353

3

(iv) Calculate the mean generation time, g (time for the population of bacteria to
double, in minutes).

Use your value for k and the formula k= 60
9

()

% - &5 - 5 3 Answer ...... & 853 minutes
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%ﬁ_{Resnﬁs’Plus

Examiner Comments

Q11(a)iii): This candidate calculated the correct value for k to 2dp for two marks.

Q11(a)(iv): They correctly used their answer to part (iii) to calculate the value of g as 25.53.
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(iii) Between 1.3 hours and 4.7 hours the number of bacteria Is rising very rapidly.

The number of bacteria can be calculated at any time in this period using the
exponential growth rate constant, k.

The number of bacteria per cm? at the start of this period was 400 and the
number 3.4 hours later was 102400,

Calculate the value of k when the culture has been growing exponentially for
3.4 hours.

Give your answer to two decimal places.
Use the formula:

k = log,, N, -log,, N,
0.301 x t

where N, = the number of organisms at time ¢
N, = the number of organisms at time 0
k = the exponential growth rate constant
t = the time the culture has been growing

W H-O = (2)

Answer . 2 1€6 .78

(iv) Calculate the mean generation time, g (time for the population of bacteria to
double, in minutes).

Use your value for k and the formula k= 60

g e
TN

aq66.78 = )

oS

Answer . 598006 . 6445 ninutes
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Examiner Comments

This candidate did not obtain the correct answer to part (iii).

Although it is difficult to tell from their working, the answer of 99667.8 is obtained if the
values 102 400 and 400 are used, rather than the log values 5.01 and 2.6. This was a
common error.

The answer to part (iii) was carried forward under ecf, so it was possible to obtain the mark
for part (iv) if this calculation was carried out correctly.

However, an error was made in the part (iv) calculation, so this candidate scored zero for
both parts.
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(iii) Between 1.3 hours and 4.7 hours the number of bacteria is rising very rapidly.

The number of bacteria can be calculated at any time in this period using the
exponential growth rate constant, k.

The number of bacteria per cm? at the start of this period was 400 and the
number 3.4 hours later was 102400.

Calculate the value of k when the culture has been growing exponentially for
3.4 hours.

Give your answer to two decimal places.
Use the formula:

k = 199N, ~109,, Ny
0301 x ¢

where N, = the number of organisms at time ¢
N, = the number of organisms at time 0
k = the exponential growth rate constant
t = the time the culture has been growing
(2)

\p‘j\,c. (O2Ao= — 103‘, Ho=

- 6 ol X &Zb"\

-~ 0 0% 219549425
= 6504
Answer OOlﬁ

(iv) Calculate the mean generation time, g (time for the population of bacteria to
double, in minutes).

Use your value for k and the formula k= 60
g

(1)

D-OA ~ 60O LO
j 0 OH

Answer \§OD minutes
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/'--.'. Examiner Comments

This candidate made an error in part (iii) by using the value 204 in the denominator (instead
of 3.4). Their answer to part (iii) was therefore wrong and scored zero.

It was carried forward to part (iv) under ecf and the part (iv) calculation was carried out
correctly, so they scored one mark for this.
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Question 11(b)

The previous parts of Q11 had all been about serial dilution and plating. Candidates were now
told that measuring turbidity using a colorimeter was an alternative method to measure the
growth of a bacterial population. They were asked to assess the advantages of each method.

Many candidates knew the features of the two methods and were able to compare them, for
example:
+ that turbidity was quick and serial dilution and plating took longer

+ that serial dilution and plating counted only living bacteria, but turbidity counted living and
dead

+ that serial dilution and plating was a direct count, but turbidity required a calibration curve
* that errors were more likely to be made in serial dilution and plating
+ that serial dilution and plating did not require expensive equipment but turbidity did.

This question did not require information about both methods for each point, as a "Compare
and contrast" question would. It asked for advantages for each method.

Many candidates wrote about the disadvantages of the methods and, although they clearly knew
the features of the two methods, lost marks because they did not answer the question.

Overall, 50% of candidates gained either one or two marks on this question, and around 30% did
not score.
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(b) An alternative method to dilution plating is to use a colorimeter to measure the
turbidity of &q.:lture.

Turbidity Is an indicator of the growth of the bacterial population.

Assess the advantages of each of these methods to measure the growth of a
bacterial population.

(4)
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ResultsPlus

Examiner Comments

This clear answer included two advantages and scored mp7 and 1.
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W

@An alternative method to dilution plating is to use a colorimeter to measure the
¥ turbidity of a culture. )

-

Turbidity is an indicator of the growth of the bacterial population.

Assess the advantages of each of these methods to measure the growth of a
bacterial population.

_ ResultsPlus

Examiner Comments

This answer contained several appropriate ideas: the potential for error, cost, the time it
takes to collect results and the possibility of contamination.

However, only one of these was expressed as an advantage, so this answer scored one
mark, mp7.

Examiner Tip

If the question asks for advantages, make sure this is what your answer gives - you will not
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get marks for listing disadvantages.

(b) An alternative method to dilution plating is to use a colorimeter to measure the
turbidity of a culture.

Turbidity is an indicator of the growth of the bacterial population.
Assess the advantages of each of these methods to measure the growth of a
bacterial population.
(4)
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ResultsPlus

Examiner Comments

This candidate wrote a comprehensive answer which covered both advantages and
disadvantages for both methods. The disadvantages were ignored, and they had given
enough advantages to gain full marks:
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* mp5and6online 1
* mp1online8

* mp2online9.

{(b) An alternative method to dilution plating is to use a colorimeter to measure the
turbidity of a culture.

Turbidity is an indicator of the growth of the bacterial population.

Assess the advantages of each of these methods to measure the growth of a
bacterial population.

\.uﬂ ree S haipen rec 89 s (Total for Question 11 = 13 marks)

RS dratt ada wp \),._mg\ TOTAL FOR PAPER = 120 MARKS
G AN, PRy

ResultsPlus

Examiner Comments

This was a very strong answer which gained full marks. The candidate stuck to the brief and
described only advantages, but gave supporting comparative information about the
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alternative method in each case.
The marking points achieved were:

* mp6 on lines 1-3
* mp2 on lines 3-6
* mp1onlines 7-8

* mp7 on lines 12-15.
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Paper Summary

Based on their performance in this paper, candidates should:

Ensure that they are familiar with the command words used in this specification, and bear
these in mind when answering questions.

Make sure that they know the key points of all of the core practicals, and are able to modify
these if needed to suit a new context, eg changing the concentration of mineral ions rather
than changing the concentration of sucrose when investigating growth of a pollen tube.

Get into the habit of considering the reasons for each step in a practical procedure, as this
will help them to justify the steps when asked to do so.

Identify where errors are likely to be made within a practical procedure, and what the effect
of these errors would be.

Take care when reading values from graphs, and always check the scale that has been used.

Practise carrying out the mathematical procedures outlined in the specification, including
conversion between different Sl units, manipulation of a dilution series, calculation of the test
value and analysis of stats tests.

Always show their working in calculations, as marks are often available for interim steps, even
if the final answer is wrong.

When answering level-based questions take account of the information that is given in the
stem (in text, diagrams, graphs etc) and use this to inform their answer. Marks are not
available for simply copying from the stem, so they should comment on the information given
and use their own knowledge to support this.

204
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:
https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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