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Introduction

There was a wide variety of questions on the paper covering aspects of AS and A2, and
overall candidates did well. Questions were set on seven of the sixteen core practicals and
many candidates were able to recall the methods followed, as well as being able to explain
the reasons behind them. Where they were asked to devise a procedure linked to a core
practical, many could write logical, well-structured accounts.

Several indirect practical skills were tested, including commenting on experimental design
and evaluating methods, writing a null hypothesis, identifying variables to be controlled,
plotting graphs, processing and analysing data and applying scientific knowledge to practical
contexts. Overall, these were done well.

Generally, maths questions were done well, although some candidates lacked confidence
and would benefit from more practise in several areas. These include making up dilutions of
stock solutions, reducing a ratio to its simplest form, carrying out and analysing the results of
stats tests and choosing an appropriate stats test.

There were some very strong answers to extended writing questions including the nine-mark
levels-based question and some four-six mark questions, and candidates deserve credit for
their ability to organise data and express themselves clearly. It was particularly pleasing to
see candidates applying their scientific knowledge to real world data and situations.

It is clear that some of the advice given in the 2023 examiners report has been implemented
and examiners commented on the quality of many of the answers. Centres are to be
commended for the way they have prepared candidates for this exam, and candidates for
the hard work they have done.
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Question 1 (a)

Question 1 assessed understanding of Core Practical 3 - making a root tip squash to show
the stages of mitosis in the meristem.

For Question 1(a), the majority of candidates were able to name the meristem as the region
of the root tip where cells are actively dividing.
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Question 1 (b)(i)

Question 1(b) asked candidates to give one reason for each of the steps in making a root tip
squash.

A surprising number were unable to describe the reason for treating the root tip with strong
acid. Credit was given for stating that the acid would break down the middle lamella or
pectins, or that it would separate layers of cells.

The most commonly seen wrong answers were that it would break down the cell wall, that it
would stop the process of mitosis or that it would clean the root tip.

(b) Give one reason for each of the following:
(i) Treating the root tip with strong acid
(1)
______ IO, oreak. . AQwin.. o PRLEI ot andwaduat

IR 5 - T o .S S 0é..... T A o N S

\( / ResultsPlus

Examiner Comments

This answer scored 1 mark.
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(b) Give one reason for each of the following:

(i) Treating the root tip with strong acid
(1)

LOKS o PLONY. Hissue . o00 . umbrngs. 60

Mnmmmapmcm

|

ﬂ ResultsPlus
Examiner Comments

This answer is too vague - "break down plant tissue" is not specific
enough to gain credit.

_.-"'"_\.

M4 ResultsPlus
\J

Examiner Tip
When you are doing a practical in class, make sure you know the
reasons for each of the steps in the process.
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Question 1 (b)(ii)

Candidates were asked the reason for adding a stain to the root tip. The purpose of a root tip

squash is to be able to see the chromosomes as the cells are dividing, so we were expecting
to see this reflected in the answer.

(i) Adding a stain to the root tip
(1)

Yo hoblunt oumestunad chomoongy g moke Hetm wglble,

N

N 1{ ResultsPlus
/--.. Examiner Comments

This candidate understood that it was the chromosomes that would
pick up the stain and become visible.

(i} Adding a stain to the root tip
(1

___________________________ \ O..that..organelles. can. bpe. $@A... ... .

.-""P-J

Y &{ ResultsPlus
/--.. Examiner Comments

This answer did not gain credit as it did not state that the
chromosomes would become visible.
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(i) Adding a stain to the root tip
(1

o St e chromoaomgsaomafcuﬁau

..... ¢ \e.arhﬁmuwmgh-smastaf‘m\m‘mea@hc-abl
RS Ve Y

/ ResultsPlus

Examiner Comments

This is a strong answer which gained 1 mark.
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Question 1 (b)(iii)

Candidates were asked to give a reason for pressing lightly on the coverslip; this part of the
qguestion proved more challenging for many candidates. The correct answer is to form a
single layer of cells, or a thin layer of cells. Some answers were too vague, eg to spread out
the cells, or so that the cells could be seen clearly. Other candidates focused on the need to
avoid having air bubbles under the coverslip or to prevent the coverslip breaking.

(lii) Pressing lightly on the coverslip
(1)

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

This answer scored 1 mark.

(iii) Pressing lightly on the coverslip

_______________ 5 0 thak. W Can.\oe. Seen. .

N { ResultsPlus
/---.. Examiner Comments

This answer was too vague and did not score.
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(iif) Pressing lightly on the coverslip

To. Jrbnsk angaleboltS from_ facminy.

. ;\ -
ig ResultsPlus
Examiner Comments

layer of cells, not to avoid air bubbles.

This answer did not score.

The main purpose of pressing down on the coverslip is to form a thin

- Spetad Xhe ullswtmtouslnﬁﬂlaﬂu

T PP L T U

N\

ﬂ ResultsPlus
Examiner Comments

Another correct answer which gained the mark.
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Question 1 (c)

This question asked candidates to calculate the mitotic index from a drawing of cells in a root
tip squash. The formula was provided, candidates were told that there were 39 cells in the
drawing and asked to give their answer to one decimal place.

From the drawing, we can see that there are four cells with chromosomes clearly visible, so
the number of cells in mitosis is four. We were told that the total number of cells is 39.

Using the formula given, we can calculate the mitotic index as #/3¢ = 10.3

The most common error was to count the dividing cells wrongly - some candidates thought
that cells with no visible chromosomes were dividing. Some candidates chose to ignore the
total number of cells given in the stem of the question and divided the number of dividing
cells by a different number to 39.

11 GCE Biology B 9BI0 03



(c) The diagram shows cells from a root tip squash.

The total number of cells is 39.

Calculate the mitotic index for this root tip squash.

Use the formula

number of cells in mitosis
Mitotic index = x 100
total number of cells

Give your answer to one decimal place.
(2)

Mitorc wndex= L *x 100
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N ﬁ{ ResultsPlus
/'--.. Examiner Comments

This candidate counted the number of dividing cells correctly,
calculated the mitotic index and gave the answer to one decimal place
as instructed, gaining 2 marks.

-'“—.tmu » §3.%

3

5%. 8

7o g LT ] R C—

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

This candidate wrongly identified the dividing cells, so was not able to
score mp1 or 2.
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(c) The diagram shows cells from a root tip squash.

The total number of cells is 39.

Calculate the mitotic index for this root tip squash.

Use the formula

number of cells in mitosis
Mitotic index = x 100
total number of cells

Give your answer to one decimal place.

(2)

4 Yo = b3y
3y

Answer " Y
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\/ 2{ ResultsPlus
_‘/'--.. Examiner Comments

This answer achieved mp1 for correctly identifying the number of
dividing cells.

The wrong total number of cells was used, so not mp2.

‘f’ \ ResultsPlus
\

Examiner Tip
Always use the information you are given in the stem of the question.

Here you were told that the total number of cells was 39, so there was
no need to count them.
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Question 2 (a)(i)

Candidates were given a diagram of a nephron, collecting duct and some of the blood vessels
associated with this. They were asked to explain how urea enters the nephron.

We were looking for a clear statement that the urea was moving from the blood (this could
be expressed as capillaries / glomerulus / blood vessel) into the capsule.

We also wanted to know that high pressure was involved; this could be by stating it was
ultrafiltration, or by describing the process.

The most common errors were to be unclear about where the urea was moving from and to,
or to fail to name the capsule. Some candidates lost the mark for simply saying it entered the
nephron.
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2 The mammalian kidney contains over one million nephrons.
One of their functions is to produce urine with a high concentration of urea.

(a) The diagram shows one nephron, collecting duct and some of the associated
blood vessels.

(i) Explain how urea enters the nephron,

(2)

Enters. o owoust d . of e effereny. . Lgprty IR
................ @menmmg’chmnﬁr’MQntma{ifmm
- Ouenoles (e, This. . Cousts. tlood. o be athga.....
prtssuxt, tﬁa@fg\ {bramg wea. o the

Cj\nmtmtus
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<’¢_§ ResultsPlus
Examiner Comments

This candidate achieved mp2 for describing the high pressure that
moves the urea. However, they did not get mp1 as they said it was
moving into the glomerulus, which is incorrect.

(i) Explain how urea enters the nephron.
(2}

ld wheaplighon, T YhOtrk orburalt 18 Jinnge Wow Voo @ ffertal_ gl b
st oo o @ by

i( ResultsPlus
Examiner Comments

This candidate scored both marks with a strong answer containing lots
of detail.
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(i) Explain how urea enters the nephron.

iﬁ ResultsPlus
Examiner Comments

This answer achieved mp1 for describing the urea moving from the
blood into the capsule. However, it did not get mp2, as diffusion was
not correct.

(i) Explain how urea enters the nephron.,

i& ResultsPlus
Examiner Comments

This answer also scored 2 marks, covering both marking points.
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Question 2 (a)(ii)

This question asked candidates to explain how the movement of sodium ions out of the
ascending limb of the Loop of Henle (labelled as A in the diagram) resulted in the formation
of concentrated urine.

There were four key points we were looking for, for three marks:

e the movement of ions decreased the water potential in the medulla / resulted in a higher
level of ions in the medulla than in the nephron

e so water moved out of the descending limb or collecting duct

e by osmosis

e the Loop of Henle acts as a countercurrent multiplier.

Mp 1, 2 and 3 were seen more commonly than mp4.

The most common errors were being confused about which area had the lower or higher
water potential; or being confused about which area of the nephron the water was moving
out of.

GCE Biology B 9BI0 03 20



(i) In the region labelled A, sodium ions are actively pumped out of the nephron
into the slmounding fluid.

Explain how this movement of ions results in the formation of
concentrated urine.

(3)

L\ Ahdat@ .. hi&hmr.. .........
in. the. loop. of henlE. . S0 . WGHE... OVES. QU
______________ o th&asandinQUmbmm{hzbmbaammas,
_down..on.concemeraton . gradient. TS Medns.........
Aok, taere will_be. . MOXt. (WRd XoAIAN Urie...........
oovill he__more _Concentruttd WD Urea.. ol
| ok hGuing. o (0w woder concrtration

% ResultsPlus
Examiner Comments

This candidate gained mp1 and 3.

They did not get mp2 because they incorrectly said that water is
leaving the ascending limb.
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(ii) In the region labelled A, sodium ions are actively pumped out of the nephron
into the surrounding fluid.

Explain how this movement of ions results in the formation of
concentrated urine.

(3)
N Yne o ascendmO. W, Kk s \wmpermeable. A

vk

O\\C\\Qs‘nefmr{r SOYeNIQ.
Yeaches e skl convolared | ruowle, most..of ...
oo WOhker S O\e YO NeQve . Vi . OSONOSLS. QS
Aneres o 0w lr . waOker  orential  oussvd e TS
Means. YMat concentrared  Wine s formaed. aS. e

a\___

ig ResultsPlus
Examiner Comments

This candidate correctly explained that the sodium ions being pumped
out of the ascending limb would make the water potential in the
nephron higher, for mp1.

They knew that water was leaving the nephron by osmosis, so got
mp3.

However, they thought it was leaving the distal convoluted tubule, so
did not get mp2.
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(ii) In the region labelled A, sodium ions are actively pumped out of the nephron
into the surrounding fluid.

Explain how this movement of ions results in the formation of
concentrated urine.

he  loedeant Mg boakes  CUSo  mOovey  exad OF
P QNN Vies . O3 m0%iS oL fesulhamy ia
O TN TN T e S U S

L i 2 A S e o e A S R S e L e e

N
% ResultsPlus
Examiner Comments
This candidate achieved mp3 for stating that osmosis was involved.

They did not get mp1 because there was no clear statement about ion
concentration or water potential in the medulla.

They did not get mp2 because they stated that water was leaving the
nephron, without saying which part.
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(i) In the region labelled A, sodium ions are actively pumped out of the nephron
into the surrounding fluid.

Explain how this movement of ions results in the formation of
concentrated urine.
(3)

e SOCTMM. . AONS. .. MOANG... QUL The. ASRAKAG.. MMk, Means. [hat. e WM.

e POIEANGA.. OF . 02 AU, S ... RCREGIES... 50, O IOCKEL...OWLITM..........

- AOIGNUAG. UMb._byY. QSMOUL.. .. IQ..1E. LG bl poKADIE. ... A8 H Y pomatonus
.......... Mm%wmmmmmmmmdpzmmMngmnumygmm
............... 5m~:;f;:ﬂpﬂ,som,pem.mbrwyﬁfmmcmga{mrmmd
ﬁmmmewmnmmm;osmaummmfmwmdmmu ...................

s PRGN e R

ResultsPlus

Examiner Comments

This candidate achieved full marks for the first three marking points.
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Question 2 (b)(i)

Candidates were given a bar graph showing the urine concentration for three species of
mammal: kangaroo rat, camel and human. They were asked to determine the ratio of urine
concentration for the three species.

The values were:

e kangaroo rat 5500 au
e camel 2 800 au
e human 1400 au

Most candidates read the values correctly from the bar graph.

However, a surprising number did not realise that (if you are not told to calculate the ratio of
one number in relation to another) you should calculate the ratio with the smallest number
given a value of 1. They simply stated the ratio as 5500 : 2 800 : 1 400 or in some cases 55:
28 :14.

The correct answerwas 3.93:2:1/4:2:1/3.93:2:1.
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T R,

(b) The concentration of urine varies between species of mammals.

The graph shows the concentration of urine in kangaroo rats, camels and humans.

6000

T T |
INERE AEEEN]

5000

Urine concentration I

/a.u,

2000

1000

kangaroo rat camel human

(i) Determine the ratio of urine concentration for these three mammals.

(n
Lo 5500 1 2000 W0y g,
' AR Y ST B
Answer H'q”"\ ...............................
y
ResultsPlus

Examiner Comments

This answer achieved the mark available for a correct ratio.
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(i) Determine the ratio of urine concentration for these three mammals.

5500 : 28600 WO
5q3 %

(1)

o i

g g

R T

\(/{ ResultsPlus
Examiner Comments

This ratio was also correct, scoring 1 mark.

(i) Determine the ratio of urine concentration for these three mammals.

(1)
rok Camtl human

5500 : 3§00 : 1400
5% . 2% 14

K
B
;
:

Answer L!‘Z[

Answer 5538“*

- j\ B
\(/K ResultsPlus
Examiner Comments

This candidate made two errors:
e The value for camel was read incorrectly from the bar graph.
e The ratio was not reduced so that the smallest value was given as 1.

< ResultsPlus

| Examiner Tip

If you are asked to calculate a ratio, always give the smallest value as 1
and calculate the other values in proportion to that.

Here the smallest value is 14, so that becomes 1. The other two values
should have been divided by 14 to give the final ratio.
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Question 2 (b)(ii)

This question asked candidates to explain one adaptation in the structure of the kangaroo
rat kidney which would enable it to produce very concentrated urine.

The first mark was for describing the structural adaptation. Most candidates correctly said
that the Loop of Henle is very long.

The second mark was for explaining how this enabled it to produce very concentrated urine.
We did not give credit for simply saying that more water was absorbed; we were looking for
an explanation of why this happened. The best answers included references to a bigger
concentration gradient building up / a bigger countercurrent multiplier effect / the fluid in the
medulla becoming more concentrated.

There were other possible matched pairs of answers, but those relating to the length of the
Loop of Henle were seen most frequently.

4 N
2

(i) Kangaroo rats live in a desert habitat. i
Explain one adaptation in the structure of a kangaroo rat kidney that enables :

it to produce very concentrated urine. 3

(2) B

3

Hma\rﬁrglongLoo?np ....... hente S0 ek 3
o MNOKENOder. 0N Jge  reabsorped....tnto. the :
___b__l_Q_Ool...;..........C.Qusmg ......... W0 +o.... lpe....more.... concentrosec :

g

.................................................................................................................................................................................................................................................................................... 3
i

8

3

|

3

e
\/ { ResultsPlus

Examiner Comments

This answer gained mp1, but not mp2 as it did not explain why more
water was reabsorbed.
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(i) Kangaroo rats live in a desert habitat.

Explain one adaptation in the structure of a kangaroo rat kidney that enables
it to produce very concentrated urine.
(2}

mwwmnc_rm‘recammse.rc"omem-mhon
oﬁmmen\'mmwmof@wam’mhpzmkm
Dock U@ N0 ANL. 00dSirean. . SO i g

\:vgr\ﬁmc@r\wafsd

/ ResultsPlus

Examiner Comments

This answer achieved both mark points.
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(i) Kangaroo rats live in a desert habitat.

Explain one adaptation in the structure of a kangaroo rat kidney that enables
it to produce very concentrated urine.

(2)
~ -

-

A el Al bt ot el o P P, . il P A b Pt 1 i B PP s

Z ResultsPlus

Examiner Comments
This answer gained maximum marks - it stated that the Loop of Henle

was very long, and then gave two correct reasons why this would result
in very concentrated urine.
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THho4 0 longer o0 gp henke. Sharefic@. (nore.. concenared
meduile - He  modulla ~hos a lower wake pavena
e S0 more twdler (Ubsorted - \ess. \uang..

Mo hog_more.ion pumps , wgherg medulld uoe
onenholed - lan}u caum«apcmmm ¥

|

% ResultsPlus
Examiner Comments

This candidate also gained maximum marks. They explained the effect
of the longer Loop of Henle with three correct consequences:
e Lower water potential in the medulla.
e More ion pumps.
e Larger countercurrent multiplier.

cmmvmvymﬁm oo b e ware |
______ At w, Wanspac of s Cut- o st rephran. |
' ot W@frr{/ﬁ'

iﬁ ResultsPlus
Examiner Comments

This candidate focused on the numbers of mitochondria and the
production of more ATP to allow more active transport of ions creating
a larger concentration gradient, gaining both marks.
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Question 2 (b)(iii)

Candidates were asked to suggest one behavioural adaptation they would expect to see in

kangaroo rats which would help them to conserve water in a hot desert.

The information is not included in the specification, but we would expect A-level candidates
to be able to make a reasonable suggestion. Credit-worthy answers included being nocturnal,
burrowing underground or seeking shade under rocks / other named barriers.

We did not give credit for being inactive, or for simply going into the shade if they did not say

where this was.

Some candidates suggested physiological adaptations like not sweating, which did not gain

credit.

(iii) Kangaroo rats are endotherms,

Give one behavioural adaptation that you would expect to see in
kangaroo rats that helps them to conserve water in a hot desert.

(1)

N

|
I~
e

<

&{ ResultsPlus

Examiner Comments

This was a suitable suggestion, gaining the mark available.

N

|
a-'-'
o

{ ResultsPlus

\61'--. Examiner Comments

This answer got the mark because it suggested where the shade was.
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“They . mtswm’rsomxj ......... can... \0Se....exgess. .
RATRE oo

This was a physiological adaptation (not behavioural), so did not get
the mark

‘bmmwumgwgniuwu S9.M98 oM voas .

N\

ig ResultsPlus
Examiner Comments

This was a good suggestion, gaining the mark.

N\

ig ResultsPlus
Examiner Comments

This answer was too vague to gain credit.
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Question 3 (a)(i)
Question 3 was about membranes in plant cells.

Question 3(a)(i) asked candidates to draw a typical cell from a root as seen using a light
microscope, and to label three named membranes. They found both parts of this task
surprisingly difficult, with many struggling to include appropriate structures in the drawing.

For mp1 we wanted to see a cell with a cell wall, cell surface membrane, nucleus and vacuole.
The shape of the cell was ignored, and many candidates attempted to draw a root hair cell.
Any other structures were ignored, apart from chloroplasts which negated the mark, as they
are never found in root cells.

For mp2 we wanted to see three labelled membranes: the cell surface membrane, the
tonoplast / vacuole membrane and the nuclear membrane / envelope. Other membranes
which would not be visible using a light microscope were ignored.

The root cells contain a red pigment, betalain, in the vacuole,

(a) (i) Draw a typical cell from a root, as seen using a light microscope.
Label three named membranes.

N/ WYY /4

P AL g F e sl rots

P

.'-\'\ .
\( / ResultsPlus
< Examiner Comments

This drawing achieved mp1 only. All the required structures were
present, but the tonoplast was not labelled, so it did not get mp2.
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%j ResultsPlus
Examiner Comments

Another drawing which scored mp1 only. Again, all the required

structures were present, but this time the nuclear membrane was not
labelled.
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Question 3 (a)(ii)
Candidates were asked to describe the structure of a membrane in a plant cell for two marks.

Mp1 required them to say it was a phospholipid bilayer. Most did this, and some spent a lot
of time describing it in detail.

Mp2 was for saying that there were proteins associated with the membrane, eg channel
proteins / intrinsic proteins etc. Some forgot about the proteins, so did not get this mark.

A few candidates described the cell wall in detail, instead of the membrane structure, and
were unable to get marks.

(i) Describe the structure of a membrane in a plant cell. )

( nead ond.. .QA..\n _x.,»sc}_copno_p_{g ......... Lo S0 0L KOS
| auways face w Yowards. eueh. .0 her: T INere s, NYHnsyC.....
Feta e Batiila T\ ....:;?.{.Q..’.Eg.ms_..____ms_fmm...___m.is.._D.‘A?«.O.\)Bef ......... onct e
f mngMh{\ﬁuar\.ngwd ..................................................................................................................................

N

Y 1{ ResultsPlus
/--.. Examiner Comments

This is a strong answer which covered all the required information,
gaining both marks.
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<Z§ ResultsPlus
Examiner Comments

This candidate described the phospholipid bilayer, achieving mp1, but
did not mention the proteins.

[ T O e s sl

T .
W .middle. 4a.  lamella . with. Contouns.....

Lelloluse... M1Croflbnbls oohich .. joins. £0...adjecent.............
- OMEYOEIOALS. un.. W LA alls..

TD%E% 8o that . plant. calls. can. join. '{‘ogeiher

<Z£ ResultsPlus
Examiner Comments

This answer was not about membranes, so it did not score any marks.

el e e i e e e e e i
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Question 3 (b)(i)

Question 3(b) assessed understanding of Core Practical 5 - effect of temperature on
membrane permeability.

Candidates were given an outline of the stages in the practical, where beetroot cylinders
were placed in a known volume of water at different temperatures for a fixed time, before
absorbance was measured using a colorimeter. They were provided with a table of results for
five groups of students.

Question 3(b)(i) asked them to describe the relationship between temperature and
absorbance. There were two available marks.

There were 3 marking points:

e As temperature increases, absorbance increases.
® Increase is greatest between 40°C and 50°C / increase is non-linear.
e Absorbance levels off at 50°C.

Any explanations were ignored in this answer. The majority of candidates achieved mp1, and
some noticed the large increase between 40°C and 50°C to get mp2.

The most common mistake was to say that absorbance fell at 60°C. Although the mean at
60°C was very slightly below the mean at 50°C, we expected candidates to realise that this
was negligible, and within the margin of error.

A few candidates described the relationship in terms of an enzyme-catalysed reaction,
writing about optimum temperature; this was not relevant.
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(b) A group of students investigated the effect of temperature on membrane
permeability using tissue from a beetroot. They used the following method.

1. Tubes containing 20 cm?® of water were placed in water baths for 15 minutes at
- 20°C, 30°C, 40°C, 50°C and 60°C.

2. Cylinders were cut from the same beetroot using a standard cork borer, and
these were cut into 1c¢m lengths.

3. Each piece was rinsed in water and then blotted dry, before being added to a
tube in the water bath.

4. After 20 minutes, a sample of the liquid was removed.

5. The absorbance (amount of light absorbed by the red pigment) of each
sample was measured using a colorimeter,

The table shows the results.

033 0.14 0.07 0.08 on 0.10
30 0.57 0.24 032 0.33 0.31 0.30
40 0.87 0.53 0.63 0.56 0.51 0.56
50 1.87 1.58 1.63 153 1.56 1.58
60 1.93 1.59 1.62 1.49 1.56 1.57

*Group 1 results were excluded from the calculations of the means.

(i) Describe the relationship between temperature and absorbance, as shown by
these results.

(2)
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(i) Describe the relationship between temperature and absorbance, as shown by
these results.
(2)
Asr:mqu&wmmcmmemmosmmﬂm ....... UNOICOREN . NLOE. L LA
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This answer scored mp1 and 2.

Not mp3 as they state that absorbance decreases between 50°C and
60°C.

This answer also scored mp1 and 2 but not mp3, for the same reason.

You can see that the candidate correctly decided not to explain the
change in absorbance in a question that asked for a description.
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Examiner Comments

This answer gained mp1 only.
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Question 3 (b)(ii)

Candidates were now asked to explain the results of the investigation. There were four
marking points for the two available marks.

We were looking for one explanation of the increase in absorbance

e thatincreasing the temperature increases the permeability of the membrane
e that betalain molecules could move through the membrane (into the water) if it was
damaged or disrupted.

and one reason that the membrane becomes damaged or disrupted

e asthe temperature increases the membrane becomes more fluid
e above 40°C/ at high temperatures the proteins in the membrane denature (forming gaps).

Many students were able to get at least one of the first pair of marks, scoring one mark.

Mp3 was seen a lot more than mp4. Although a lot of candidates knew that proteins in the
membrane denatured, some linked this to (gradually) increasing temperature rather than
saying it was at high temperatures or above a specific temperature.
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We ignored references to enzymes denaturing, as this was irrelevant here.

N
| b 1C0M
(i) Explain the results of this investigation.
(2)
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iﬁ ResultsPlus
Examiner Comments

This candidate clearly explained that permeability increased with

increasing temperature, and stated that gaps form so the pigment
leaked out (this was mp1 and 2).

They went on to get mp4 as they said that above 50°C the proteins had
already denatured.
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|

iﬁ ResultsPlus
Examiner Comments

This answer gained full marks with mp1 and 3 in the first two lines
(permeability increased as the membrane became more fluid).

They went on to get mp2 as they described the pigment being
released, but not mp4 as they referred to enzymes, not proteins.
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ﬂ ResultsPlus
Examiner Comments

This answer scored zero.

They did not mention permeability or the pigment leaking out through
the membrane, so did not score mp1 or 2.

Although they knew that proteins were being denatured at high
temperatures, they linked this to pigment not being transported across
the membrane, so the context was wrong for mp4.

LGl oW, Mon.. 2. @israem. 0. 1ok olk......... R
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ig ResultsPlus
Examiner Comments

This answer gained mp2 for the description of the pigment leaking out
through the membrane, and mp3 for the statement that the
membrane was disrupted and gaps form as temperature increases.
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Question 3 (c)

Candidates were told in the stem of the question that Group 1 results were excluded from
calculations of the means as they were so different from the other groups. In fact, all of their
absorbance values were much higher.

This part of the question asked them to identify four errors that Group 1 may have made
which would account for this difference in the results. They had already been given the steps
of the method the groups of students had followed.

As the absorbance was too high, we were looking for directional answers for most marking
points

e that there was less than 20cm?3 water in the boiling tube

e that the pieces of beetroot were longer than 1cm

e that the beetroot was left in the tubes for longer than 20 minutes

¢ that the beetroot cylinder was damaged as the sample was removed (releasing more
pigment)

e that the pieces of beetroot may not have been rinsed before being added to the tube

e that a different beetroot was used

e that there was a named error associated with use of the colorimeter, eg lack of calibration,
cuvettes scratched etc.

We ignored the following:

¢ that the pieces may not have been blotted dry (because this would potentially add water
into the tube, making the absorbance lower)

¢ that the waterbaths may not have been at the right temperature (since it is unlikely that all
five would have been too hot)

¢ that the tubes of water were left in the waterbaths for too long at the start (because this
should not affect absorbance at all).

Most candidates gave strong answers to this question, showing a good understanding of the
practical procedures and the effects of not following instructions carefully.
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(c) Group 1 results were excluded from the calculations of the means as they were so
different from the other groups.

Identify four errors this group may have made which would account for the
difference in results.

- .'\ -
ig ResultsPlus
Examiner Comments

This answer scored 2 marks.

One for not rinsing the beetroot and one for a colorimeter error; all
three of these were reasonable colorimeter errors, but only one mark
was available for this.
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Examiner Comments

This answer scored 3 marks: one for using a different beetroot, one for
not rinsing and one for leaving the samples in the tubes for too long.
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Examiner Comments

This answer scored 1 mark for using a different beetroot.

They came close to a second mark with their last point but it was not
directional, as they said the beetroot might have been longer or
shorter than 1cm.
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Examiner Comments
Unfortunately, this candidate did not get any of the marking points.

Two were on the right lines, but not directional (time the sample was in
the waterbath and size of cylinder).

The other two were linked to temperature, which we were not
crediting.
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Question 4 (a)(i)

Question 4(a) assessed knowledge and understanding of Core Practical 9 - the use of a
respirometer.

Question 4(a)(i) asked them to describe how to measure the rate of respiration of woodlice
collected from a garden. This was generally very well answered, with over a third of
candidates gaining at least four marks out of a possible five.

Credit was given for:

e measuring the mass of the woodlice (or using a stated mass)

e describing a respirometer or a detail of setting it up eg placing the woodlice on a platform

e adding a named chemical to absorb carbon dioxide

e measuring the distance moved by the liquid in a stated time

e a method of controlling the temperature or the use of a control tube with an inert material
in it

¢ a method to find the volume of oxygen used

3

a method of calculating the rate or giving correct units ie mm> min" g’

The most common errors were:

o forgetting to measure the mass

e not being able to name a suitable chemical

e using a gas syringe to collect gas (when it was oxygen used that was being measured)
o forgetting to control the temperature

o forgetting that the rate should be given per gram of woodlice.
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4 Woodlice are crustaceans found in many gardens and woodland habitats,
There are several species that are native to the UK and Ireland.

They obtain oxygen through gills, which are on their legs.
The photograph shows one species of woodlouse, Armadillidium vulgare.

Magnification x 2

(Source: © TED KINSMAN / SCIENCE PHOTO LIBRARY)

(@) (i) Describe how you could measure the respiration rate of woodlice collected

from a garden.
(5)
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N ﬁ{ ResultsPlus

/'--.. Examiner Comments
This is a very strong answer which hit all seven marking points, in this
order: 1, 2,3,5,4,6,7,5 (again).

It gained full marks.
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(@) (i) Describe how you could measure the respiration rate of woodlice collected
from a garden,

(S)
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2 ResultsPlus

Examiner Comments

Another strong answer which gained five marks. This time the marking
points were 3,2, 1, 5,4, 7.

Not mp6 as they described the calculation as distance minus Mr2

We did not credit the use of a thermostatically controlled room for
mp5, but they had already achieved this with the control tube.
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Question 4 (a)(ii)

Candidates were asked to identify one safety issue and one ethical issue involved in their
method in Question 4(a)(i), and state how they would minimise these.

The most common errors were:

e not to realise that the safety issue was about the person carrying out the investigation and
the ethical issue was about the woodlice

e to only answer half of the question ie to identify the problems, but not state how to
minimise them; or to give the solutions, without identifying what the problem was

e to give very vague answers to the ethics issue, eg it is unethical to use woodlice in
experiments / woodlice could become stressed.

We were looking for the following points:
Safety

e Soda lime is corrosive so wear gloves / goggles.
e Students may be allergic to woodlice / woodlice may be carrying bacteria, so wear gloves.
e Glass may break (when setting up tube in respirometer) so wear gloves / goggles.

Ethics

e Woodlice may be harmed when being moved, so handle them carefully / return them to
the garden after the investigation.

e Woodlice may be harmed by soda lime, so keep them separated from it.

e Woodlice may use up the oxygen in the tube, so provide breaks with the tap open to
refresh the air.
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(ii) Identify one safety issue and one ethical issue involved in your method in
part (a)(i) and state how you would minimise the effect of these.
(2)
Safety issue

o Neduce s e heamid pasaA Ond

Ethical issue
I L COR o x 7 W < T 1 ZI Y N 1

_ ResultsPlus

Examiner Comments

This answer scored zero.

Although the candidate recognised that the woodlice may be carrying
bacteria, they did not suggest how to minimise the effect of this.

There was no suggestion of how to treat the woodlice in an ethical way.
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(ii) Identify one safety issue and one ethical issue involved in your method in

part (a)(i) and state how you would minimise the effect of these.

(2)
Safety issue
Ethical issue Adr > 1000 Uadun o b ok +o

N

i( ResultsPlus
Examiner Comments

This candidate did not get the safety point, because they did not
explain what was causing the irritation.

However, they got the ethics point as they realised that taking the
woodlice from the garden may affect the food chain, so they should be
put back.
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Safety issue

LTThe wseddXer  OYSUANY 0. M\

Ethical issue

This candidate identified a safety issue, but did not suggest a way to
minimise the effect of it, so did not get the safety point.

Woodlice tend to live in small spaces, so in itself this is not stressful;
they were not specific about the risks to the woodlice, so did not get
the ethics point.
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Examiner Comments

This answer scored both marks.
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Question 4 (b)(i)

Question 4(b) was about an investigation into the habitat preferences of woodlice using a
choice chamber. This had four equally-sized areas with different conditions: light and damp;
light and dry; dark and damp; and dark and dry. Twenty woodlice were added to the choice
chamber and their position noted after five minutes. This was repeated three more times to
give four sets of data in total.

In Question 4(b)(i), candidates were asked to explain which statistical test could be used to
analyse the results. A lot of them found this very difficult.

Those who did correctly identify the chi-squared test were usually able to explain that it
compares observed with expected results, and therefore gained both marks.

The most frequently seen wrong answer was the t-test.
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The student suggested the hypothesis that woodlice show no habitat preference.

Five woodlice were placed in each of the four sections and left to move.
The position of the woodlice was recorded after five minutes.
This was repeated three more times.

The table shows the results obtained.

Light and dry 2 1 0 2
Light and damp 4 4 1 5
Dark and dry 4 3 3 3
Dark and damp 10 12 16 10

(i) Explain which statistical test could be used to analyse these results.

(2)
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Examiner Comments

This answer scored both marks.

@ ResultsPlus

i
Examiner Tip

Make sure you understand when the different statistical tests are used,
and what type of data they can analyse.
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(i) Explain which statistical test could be used to analyse these results.

(2)
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Examiner Comments

Another strong answer gaining both marks.
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Question 4 (b)(ii)

Candidates were told that the results suggested woodlice prefer some conditions to others,
and asked why it was an advantage to live in those conditions.

The majority could correctly identify that they appear to prefer dark and damp conditions.

Most could suggest an advantage to being in darkness; the most common answer was to
avoid predators.

Some were able to give a reason why damp conditions were an advantage, linking the moist
conditions to increased oxygen uptake through the gills on their legs. A small number clearly
understood this, but did not get mp2 because they referred to respiration, rather than
oxygen or gas exchange.

The biggest problems were that some candidates were thinking about woodlice in their
natural habitat, where darkness and dampness are commonly linked and answering in the
context of both factors together. Some also brought the variable of temperature into the
discussion, saying that dark and damp conditions are often cooler, so this would prevent
them overheating. We did not credit references to change in temperature.

I 4B N

(i) The results suggest woodlice prefer some conditions to others.

Explain why it is an advantage for them to live in these conditions.
(2)

™,
\-\.

N / ResultsPlus
/---t Examiner Comments

This answer was too vague to gain any credit.
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Examiner Comments

This answer scored mp1 for the reference to avoiding predators. They
did not get mp2 because there was no reference to gas exchange.
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Examiner Comments

This answer scored both marks.
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Question 4 (b)(iii)

Candidates were asked to describe three improvements which would ensure the conclusion
was valid. In this question, reasons were not required for any of the improvements
suggested, as the command word was simply "describe".

We were looking for:

e setting up the chamber in advance (so that the damp area would be distinctly different to
the dry area) or cleaning it between trials (to remove scent trails)

e |eaving the woodlice for a longer time

e ensuring all were the same species

e using more than 20 woodlice

e a method which would help to make recording results more accurate, eg taking a
photograph to analyse (as the woodlice may still be moving) or a rule to deal with woodlice
on a boundary.

We ignored

e ensuring all were the same sex or age, as this would be almost impossible in practice

¢ the idea of controlling the temperature, since the choice chamber is small and all four
areas would naturally be at the same temperature

¢ the idea of placing all the woodlice in the centre at the start, as this would be impossible in
practice

¢ the idea of recording the position more frequently, since this would not improve validity

e the bald statement to repeat the experiment, as on its own this would not improve validity.

Mark points 2, 3 and 4 were all commonly seen. The idea of cleaning the chamber between
trials was seen a few times, usually justified with a good reason. The most commonly seen
points that did not gain credit were controlling the temperature and putting the woodlice in
the centre at the start.
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(i) Describe three improvements that could be made to this investigation to
E ensure the conclusion is valid.
5 (3)
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Examiner Comments

This answer scored mp4, 1 and 3, gaining full marks.
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Examiner Comments

This answer scored mp4, mp2 (for the suggestion of a longer trial) and
mp1 (for using a separate chamber so scents are removed).
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Question 5 (a)(i)

Question 5 assessed understanding of Core Practical 6 - determine the water potential of
plant cells.

Candidates were given a step by step method involving finding the percentage of
plasmolysed cells in onion epidermis placed in a range of sucrose solutions. The values they
were given were used to plot a graph which was then used to determine the water potential
of the cell sap of the onion cells.

Question 5(a)(i) asked the candidates to describe how to prepare 10cm? of a solution with a
concentration of 0.6 mol dm3 starting with a stock solution of 0.8 mol dm3.

A lot of candidates found this very difficult. Some candidates used the formula C1V; = C,V5
Cq-CVy =V C4=0.6x10+ 0.8 =7.55s0 7.5cm?3 stock solution and 2.5cm?3 water.
The correct answer gained 2 marks.

If candidates gave the correct ratio but wrong volumes to add up to 10cm? (or no volume at
all) eg 3:1 ratio / add 6cm?3 stock solution to 2cm?3 water, they got mp1 only.

The most commonly seen wrong answers were 6cm?3 stock solution and 4cm3 water; and
8cm?3 stock solution to 2cm?3 water.

It would be helpful if centres gave candidates the opportunity to practise calculations like this
one.
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5 Differencesi ter potential affect the direction of movement of water in and out
ells. =

(a) The water potential of plant cells can be determined using plasmolysis.

‘h-———y
A plant cell is plasmolysed when it loses water and the plasma membrane moves
away from the cell wall. This can be observed when the cells are viewed with a

light microscope.

‘_______..-—-‘-'_'-_"!-
A group of students used the following method to find the osmotic potential
of cell sap in onion epidermal cells. The osmotic potential is equivalent to the

concentration of the sucrose solution when 50% of cells are plasmolysed.

Step 1: A stock sucrose solution of 0.8 moldm™ was diluted to make a range
of concentrations.

Step 2: A thin layer of onion epidermis was placed in 10cm? of sucrose solution
in each TUBE; eft for 20 minutes. ~

Step 3: Each piece of onion epidermis was placed on a microscope slide covered

with a dru[i of the sucrose solution in which it had been soaking, and a
coverstip placed on top.

Step 4: Using a microscope, the total number of cells in the field of view, and the
total number that were plasmolysed, were counted.

Step 5: The percentage of plasmolysed cells in each sucrose concentration
was calculated.

(i) Describe how you would prepare 10cm? of a solution of sucrose with a
concentration of 0.6 moldm= from the stock solution.

ond._add ¢

(2)
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_ ResultsPlus

Examiner Comments

This answer scored both marks.
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\_} Examiner Tip

Practise using the C;V; = C,V, formula until you feel comfortable with

it!

(i) Describe how you would prepare 10cm? of a solution of sucrose with a
concentration of 0.6 moldm™ from the stock solution.

D BerS € ek .
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ig ResultsPlus
Examiner Comments

This candidate got the ratio right (6:2 is equivalent to 3:1), but the
volumes they chose were too low to make 10cm3 of the solution. It
scored mp1 only.
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69

(i) DescribQ?)/ou would prepare 10cm? of a solution of sucrose with a
concentration of 0.6 mol dm* from the stock solution.

{J
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Examiner Comments

This candidate got the ratio right (3:1) and scored mp1. They made an
error in calculation (1.5 cm? water instead of 2.5 cm3) and did not get

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

‘mp2. |
(2)
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Examiner Comments

This candidate got the ratio right (3 parts of stock solution to 1 part of
water) but did not give volumes. They scored mp1 only.
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Question 5 (a)(ii)

Candidates were given the mean results and asked to plot a graph, with points joined by
straight lines.

We were |looking for:

e axes orientated correctly with headings and units
e accurate plotting of all points on a linear scale
e straight lines joining all points.

It was very pleasing to see that almost two thirds of candidates scored full marks on this.
The most common errors were:

e inaccurate plotting when an unsuitable scale was chosen

e not joining all points; some candidates missed joining the origin to the 0.1 mol dm™3 point

¢ not joining points with straight lines as directed; some used a curve and a few drew a line
of best fit

e notincluding units in the headers, or occasionally not adding headers at all

e asmall number of candidates had the axes the wrong way round; the independent
variable should always go on the x-axis

GCE Biology B 9BI0 03 70



{ N

Plot a suitable graph to display these results.

Join the points with straight lines. '

(3)
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Examiner Comments

This was a good example of one of the many graphs that scored full

marks.

ResultsPlus

Examiner Tip
Always choose a sensible scale that makes plotting easy - this is
perfect!
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Plot a suitable graph to display these results.

Join the points with straight lines.

(3)
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Examiner Comments

This candidate made two important errors:

e The scale is difficult to use and this has made plotting difficult. There

is an error at 0.4mol dm™ where the point was plotted at about 50%
instead of 60%.
e The points are not joined with straight lines.

So mp1 only.

4\ ResultsPlus
\ Examiner Tip

Always follow the instructions you are given, and make sure you bring
a ruler to exams.
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Plot a suitable graph to display these results.
Join the points with straight lines.

(3)
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/'--.‘: Examiner Comments

This candidate made two errors which lost marks:

e The x-axis header is incomplete (does not state that it is sucrose
solution).

e The point at the origin is not joined to the point at 0.1 mol dm3

So mp2 only.
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Question 5 (a)(iii-vi)

This was a linked series of questions allowing ecf to be awarded if candidates made an error
in some parts.

Question 5(a)(iii) asked them to determine the concentration of the cell sap of the onion
cells using the graph they had drawn. Reading off the 50% plasmolysis level gave a value of

0.37 mol dm3; we allowed a range of 0.36 - 0.38 mol dm™3.

Question 5(a)(iv) asked them to use a conversion graph and their answer to (a)(iii) to
determine the osmotic potential of the cell sap of the onion cells. The value of 0.37 mol dm-3
gave a reading of - 980 kPa. We allowed a range of +/ - 20 to account for small errors in
reading off the scale, and allowed ecf (with +/ - 20) for any answer to part (a)(iii).

Question 5(a)(v) asked candidates to write the equation for water potential, either in
symbols or words. Many got the terms correct, but not all added them together; some
subtracted, some multiplied and some divided. Some candidates referred to oncotic
potential or osmotic pressure, which did not gain credit.

Question 5(a)(vi) asked candidates to state the water potential of the cell sap of the onion
cells when 50% were plasmolysed.

water potential = turgor pressure + osmotic potential

When the cells are plasmolysed the turgor pressure is 0, so water potential = osmotic
potential

For a cell sap concentration of 0.37mol dm™3 the cell sap osmotic potential was - 980kPa. If
turgor pressure is zero, then water potential is - 980kPa.

With ecf, we were accepting an answer in part (a)(vi) which matched their answer to part (a)
(iv), or the standalone answer of - 980kPa.
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(ili) Determine the concentration of the cell sap of the onion epidermal cells,

using your graph.
(1)

E Answer ...0:37... moldm-

(iv) This conversion graph can be used to convert the concentration of cell sap
into osmotic potential.

0

-200

=400

-600

Osmotic potential %

/kPa ~1000 = F= *‘i!
|
I
]
[
|

-1200

=1400

-1600

-1800

s
0 0.2 04 0.6 0.8

Concentration of cell sap / mol dm™

Determine the osmotic potential of the cell sap of the onion epidermal cells,
Use your answer to (b)(iii} and the conversion graph.

1)
Answer ..~ 38C kPa

(v) Write the equation that is used to calculate the water potential of a plant cell.

(1)
e AN POTEANIGL 2 OSMONE  poRahod 1. TWGOL, PIOSU R
(vi) State the water potential of the cell sap of the onion epidermal cells when

50% of the cells are plasmolysed.
{1
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N / ResultsPlus
/'--.‘: Examiner Comments

This candidate gave the correct answer for all 4 parts of the question,
scoring maximum marks.

Question 5(a)(iii): answer was 0.37
Question 5(a)(iv): answer was - 980

Question 5(a)(v): equation given correctly

Question 5(a)(vi): answer was - 980
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(iii) Determine the concentration of the cell sap of the onion epidermal cells,

using your graph. .

Answer 0‘366# ...................... moldm-

(iv) This conversion graph can be used to convert the concentration of cell sap
into osmotic potential.

g

Osmotic potential

-1200

-1400

-1600

-1800

—

-2000

' !
0 0.2 04 0.6 0.8

Concentration of cell sap / mol dm™

Determine the osmotic potential of the cell sap of the onion epidermal cells.
Use your answer to (b)(iii) and the conversion graph.
1

swer -’qs O kPa

(v) Write the equation that is used to calculate the water potential of a plant cell.
(1)

YWt il = ok ¢ oo QAN

(vi) State the water potential of the cell sap of the onion epidermal cells when
50% of the cells are plasmolysed.

1)

130
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/'--.'; Examiner Comments

This candidate scored 3 of a possible 4 marks.

Question 5(a)(iii): They read a value within the acceptable range from
their own graph for 1 mark.

Question 5(a)(iv): When they used this value on the conversion graph,
they misread the scale, getting - 930 (this was outside the range of
tolerance), so no mark.

Question 5(a)(v): Equation given correctly for 1 mark.

Question 5(a)(vi): Answer to this part matches answer to part (a)(iv) so
1 mark.
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(i) Determine the concentration of the cell sap of the onion epidermal cells,
using your graph.

Mm‘ 003-;

1)

moldm™

T N R N R R K A R

(iv) This conversion graph can be used to convert the concentration of cell sap
into osmotic potential.

5888 .

Osmotic potential
/kPa ~1000 R

11

-1200

~1400

-1600

-1800

~2000 -
0 02 04 06 08

Concentration of cell sap / mol dm

|-

Determine the osmotic potential of the cell sap of the onion epidermal cells.
Use your answer to (b)(iii) and the conversion graph.

(1)
Answer -.ago kPa
(v)_Write the equation that is used to calculate the water potential of a plant cell.
m
..........".':Wgn....ku.nanr.....pr.ass‘s.a(‘;ex...:.\-....n.s.m‘;kis;mW,pg.‘mm.im ...................................................
(vi) State the water potential of the cell sap of the onion epidermal cells when
750% of the cells are plasmolysed.
- Qg0 (1)
Answer O kPa
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/'--.". Examiner Comments

This candidate gave the correct answer for 3 of the 4 parts of the
question, scoring 3 marks.

Question 5(a)(iii): Answer was 0.37. 1 mark here
Question 5(a)(iv): Answer was - 980. 1 mark here

Question 5(a)(v): Equation given correctly, scoring 1 mark.

Question 5(a)(vi): Answer was wrong, zero instead of - 980.
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(iiiy Determine the concentration of the cell sap of the onion epidermal cells,

using your graph.
(1)

B ISP ———

(iv) This conversion graph can be used to convert the concentration of cell sap
into osmotic potential.

-200

Osmotic potential
/ kPa -1000

0 0.2 0.4 0.6 0.8

Concentration of cell sap / mol dm™

Determine the osmotic potential of the cell sap of the onion epidermal cells.
Use your answer to (b)(iii) and the conversion graph.
(4]

Answer .. =\2.Y0 kPa

(v) Write the equation that is used to calculate the water potential of a plant cell.
(1)

« pg{mhu:iwﬂgremswmfmmhc‘oamm

(vi) State the water potential of the cell sap of the onion epidermal cells when
50% of the cells are plasmolysed.
(1)

Answer. — )\ 2 40 kPa
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/-*-.. Examiner Comments
This candidate read the wrong value from their own graph, but still
managed to score 2 marks of a possible 4.

Question 5(a)(iii) : Wrong answer given (0.44 instead of 0.37). No mark
for this part.

Question 5(a)(iv): 0.44 was used on the conversion graph, but the
scale was misread, as the candidate did not realise the scale was in
descending order (-1240 given instead of - 1160). No mark given.

Question 5(a)(v): Correct equation given for 1 mark.

Question 5(a)(vi) : Answer here matches answer to part (a)(iv), so one
mark given under ecf.
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Question 5 (b)

This question suggested three modifications that could be made to the method given, and
asked why each would improve the validity of the investigation. As the improvements were
given to candidates (and they did not have to identify them for themselves), it was
disappointing that around 40% did not score on this question.

We were looking for:

e (tissue collected from the same onion) so cells would have the same osmotic potential /
water potential

e (all tubes kept in a thermostatically controlled waterbath) because temperature affects the
rate of osmosis

e (count more than one field of view) as it may not be representative / to increase sample
size / to calculate standard deviation / to identify anomalies or outliers.

The most common errors were:

e making vague statements that variables should be controlled to improve validity - we
expected explanations that matched the improvement

e saying that cells from the same onion would be the same species or age, without thinking
about how this would affect this investigation

e saying to eliminate the effect of changing temperature without saying what it would be.
Despite being told numerous times throughout the question that this investigation was
about water potential and osmosis, a surprising number of candidates wrote about
temperature in terms of membrane permeability or enzymes

e some candidates interpreted the change as meaning that the same field of view was
counted twice and thought that this would prevent miscounting

e calculation of standard deviation was seen rarely, but a lot of candidates suggested that
the mean could be calculated; this did not gain credit

e there was a lot of confusion about anomalies, with some candidates stating that counting
more than once would prevent anomalies, rather than allow them to be identified.
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(b) The students modified the method and repeated the investigation.
The changes are shown in italics.

Step 2: all pieces of onion epidermis were cut from a single onion.

Step 2: tubes containing sucrose solution and onion epidermis layers were left
in a thermostatically controlled water bath for 20 minutes.

Step 4: the total number of cells in the field of view, and the number that
were plasmolysed were counted. This was repeated twice for each of the
sucrose concentrations.

Explain why each of these changes are likely to improve the validity of
this investigation.
(3}
Decause 1 mores sue ol extraneous.. uariables. art. ...

.Contreied.. for Like _#emperatut and. onion..Size....

Examiner Comments

This was typical of the very generalised answers we saw which did not
gain credit.

St Ty oot Ul B b o S or twlags Ghp 2 Gonbraly. ampleabey, i
“ll\wmut“"ﬁﬁﬂlamﬁmh“%‘smw'il'!f“ulmﬂtktmmmht‘-

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

<€§ ResultsPlus
Examiner Comments

This answer scored mp3 at the end for identification of anomalies.
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ResultsPlus

Examiner Comments

This answer scored mp3 at the end for the larger sample size being
more representative. The idea of reducing the risk of anomalous
results did not get credit.
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iﬁ ResultsPlus
Examiner Comments

This strong answer scored all three marks.

rm_ s BB at . . m
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Question 6 (a)(i)

Question 6 tested the candidates' understanding of the effect of different wavelengths of
light and different mineral ion concentrations on the doubling time of duckweed.

Part (a) was about the effects of changing the wavelength of light, using coloured filters.
Candidates were provided with a graph showing how the number of plants increased over a
12 day period, and were asked to explain the results.

Most candidates understood that the increase in number of plants could be linked to
photosynthesis, and that this was affected by the wavelengths of light the pigments could
absorb. However, lack of precise language in explanations cost some candidates marks.
There were three marking points for two available marks; these could be expressed in the
context of white light (no filter) or filters present.

e The rate of photosynthesis is greatest when there is no filter.

e Because plants are able to absorb more wavelengths of light when no filter is present.

¢ So more named photosynthetic products are made / more glucose results in faster
respiration / mitosis occurs more rapidly to produce daughter plants.

Mp2 was most commonly seen.

Some candidates came close to mp 1, but did not refer to rate of respiration. Mp3 was
attempted less often, and some answers were not directional, ie more glucose etc, when no
filter was present.

A small number of candidates did not refer to photosynthesis at all in their answer, implying
that the colours of light directly affected the increase in number of plants.

89 GCE Biology B 9BI0 03



o B B e B N O N B i i A P P 4L o A e

The graph shows the results of this investigation.
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(@) (i) Explain the results of this investigation.
(2)
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a\__

ﬂ ResultsPlus
Examiner Comments

This candidate did not mention photosynthesis or the absorption of
light by the pigments, so scored zero.
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(a) (i) Explain the results of this investigation.
Wyt ebsosoed LZ;

B o e I T
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N\

ig ResultsPlus
Examiner Comments

This candidate explained how filters removed some wavelengths of
light, scoring mp2, but did not get credit for less efficient
photosynthesis.

[ A

/"V' \ ResultsPlus

\_) Examiner Tip

Avoid the word "efficient" in answers, it is usually not precise enough
to gain a mark - try to think about how it is less efficient. Here if the
wavelengths of light are reduced, the rate of photosynthesis will be
decreased.

This is Core Practical 10.
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(a) (I) Explain the results of this investigation. )
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% ResultsPlus
Examiner Comments

This answer includes mp2 and then mp1.

(a) (i) Explain the results of this investigation. "
2
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% ResultsPlus
Examiner Comments

This answer scored mp2 and then mp3 for the statement that more
GALP is produced.
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Question 6 (a)(ii)

Candidates were told how the original investigation had been set up and asked how to
reduce the time taken for the number of plants to double. Most realised that this was asking
them how to increase the rate of photosynthesis, and scored both available marks.

The most common errors were

¢ to give two points linked to the same factor, eg increasing the intensity of light and moving
the lamp closer

e to give a non-directional answer eg provide optimum temperature rather than increase
the temperature (from 10°C)

A small number of candidates misunderstood and suggested changes that would decrease
the rate of photosynthesis, rather than decreasing the doubling time.

. R

: (i) The shortest time for the number of plants to double was more than 3 days.

i Give two ways of reducing the time taken for the number of plants to double.

: ()

1 AnCrease.  dne  FemapRlroacg, . SWONHG . DwE nor L re0

oMo NGt RNZANS.. A NOARNAL .o

| 2. A0 @ MOre.. An0Orag M. AONS YO ANE AN
.-..-\

¢ { ResultsPlus

Examiner Comments

This candidate scored both marks.
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(i) The shortest time for the number of plants to double was more than 3 days.

Give two ways of reducing the time taken for the number of plants to double.
(2)

2 predivicle O DEh Y T Lol o> Scodportee=— '

y/gResuits?Ius
Examiner Comments
This answer scored zero.

The first suggestion (of using a different species) does not address the
question of how to make the plants reproduce faster.

The second suggestion is too vague to gain credit.

-

< ResultsPlus

| Examiner Tip

The question stated "in ideal conditions the doubling time is around
three days".

Here you were being asked to think about what those ideal conditions
might be!
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(ii) The shortest time for the number of plants to double was more than 3 days.

Give two ways of reducing the time taken for the number of plants to double.
(2)

Uwf MM tkmm"’f:) 4\ 1o
O—Q.D&MU";‘_) Cncg v (b -"; %‘53@1%"\ VoS

I\

% ResultsPlus
Examiner Comments

This candidate knew what was needed for rapid photosynthesis, but
misunderstood the question, so lost both marks.

"
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Question 6 (a)(iii-iv)
Question 6(a)(iii) and (iv) were linked questions, about accuracy of results.

Candidates were asked for one reason why the results might not be accurate; and to
describe a method that could be used to measure the growth of the plants more accurately.

Accuracy is how close a measurement is to its true value. Here the result being measured
was the number of plants at 3-day intervals, so candidates were being asked why the
number may be incorrect. They were then being asked to suggest a better way to measure
the growth rate than counting floating plants.

This pair of questions was generally answered poorly. Many candidates did not appear to
understand what they were being asked, and answered in terms of validity, eg that there may
have been an additional light source, or that mineral ions were being used up as the
investigation continued.

Question 6(a)(iii) All three marking points were seen, but rarely. We did not accept that the
plants were difficult to count simply because they were small, since the numbers were
relatively low.

Question 6(a)(iv) This part was slightly better done, with some candidates able to suggest a
more accurate method than counting. Finding the mass of the plant or measuring the root
length were the most common suggestions. However, a number suggested drying the plants
in an oven to find the dry mass, before putting them back in the tank to grow for a further 3
days, which clearly would not work.
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(iii) Give one reason why the results may not be accurate.
(1)

I[r'[5..Ai%m”._.}?......CQM!G.[T...._..M..H'?."ﬂ{djA.é\‘.’éﬁ.ﬁﬂﬂfﬁh......,.,......
________ fxﬂﬂmh:.._.....a(mnk.ﬁm{.....fmffz..__ﬁﬁ_...&u e all gnd There ard
Magy faak @ pwedap.

(iv) Describe a method that could be used to measure the growth of the plants
more accurately.

(2)

m%ﬁam%aﬁ@bmmeﬁ,lmwm
. Plﬂ.&kwf&dj ....... 3 oPr ........ ..Aa0.. OVEN ... Nmf ....... . mxe W
oty out  ceperiie  jpeshgalions, one > days long,
o.ﬂe.%éi...,....a{acyﬁ.,.Dnﬁ?,.ﬂ.,,,,..a.nd...f’f}....lz_afayz__.__[p@_._sa[(m...
W biomass_predued awat endh bimy bame anke

| C&WA# ......................................................................................................................................................................................

I\

% ResultsPlus
Examiner Comments

This is a very strong answer, scoring maximum marks.

>,

In part (a)(iii), they recognised that the plants may be difficult to count
because they overlap.

In part (a)(iv), they suggested measuring the mass and described the
use of replicates and dry mass (plants dried in an oven).
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(i) Give one reason why the results may not be accurate.
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(iv) Describe a method that could be used to measure the growth of the plants
more accurately.

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

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

a\___

ig ResultsPlus
Examiner Comments

This candidate scored 1 mark for part (a)(iii) for the statement that it
may be difficult to count them because they are overlapping.

They went on to score 1 mark for part (a)(iv) for suggesting finding the
weight of the plants. However, they did not give a detail of the
technique eg blotting them dry, so did not score the second available
mark.
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(iii) Give one reason why the results may not be accurate.
; (1)
| OM gk ey hous adfeded  pladl  geewth......
! (iv) Describe a method that could be used to measure the growth of the plants
f more accurately.
; )
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ig ResultsPlus
Examiner Comments

This is typical of the many answers which focused on validity rather
than accuracy.

In part (a)(iv) they came close to getting a mark, but measuring the size
of the plant was not detailed enough to gain credit.

< J/

AR
&R \ ResultsPlus

Examiner Tip

Avoid giving "size" as a variable - think about what you could measure
and state that instead, eg length / width / area / mass
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Question 6 (b)

Question 6(b) described a second investigation with duckweed where the concentrations of
mineral ions provided were changed. Growth of plants was monitored over four weeks with
three different concentrations of fertiliser.

Candidates were asked to explain the effect of increasing fertiliser concentration on the
growth of the duckweed. Generally, this was very well answered, with many scoring full
marks.

Most candidates were able to give a concise conclusion, that increasing the concentration of
fertiliser increased the growth, and go on to explain why.

Some described the conclusion, which gained credit, but spent a lot of time describing the
error bars on the graph, which did not answer this question.
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(b) In another investigation, the student grew duckweed plants in water containing
a fertiliser,

The fertiliser contained nitrate, phosphate and magnesium ions.

Three concentrations of the fertiliser were used, with all other conditions
kept constant.

The graph shows the results of this investigation.

100 T
80 oF-1.5 cm’ fertiliser per dm*
Mean growth
of plants
/au. 60
40 1.0 cm? fertiliser per dm?
20
: 0.5 cm? fertiliser per dm’
2 3 4
Time / weeks

Explain the effect of increasing fertiliser concentration on the growth of
these plants.

(3)

................ :l;]n hjm FROLANG. Maxe. Mineval ions. Like. .
.,..._.....:_ﬂ.itrmt, ....... ph nagmg.......amd.....__..m.agms.lum...r._.]hg.acﬂ.r..,.m'mmf..._........._.
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Examiner Comments

This candidate gained mp1 for the conclusion. They picked out relevant
information from the stem about the three minerals found in the
fertiliser, but only gave a use for nitrate, gaining mp2.

They achieved 2 marks of a possible 3.

13)

008008 BT 0 Leared of
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ﬂ ResultsPlus
Examiner Comments

This candidate covered all 4 marking points.

Mp1 for the conclusion.

Mp2 for a use of nitrate ions.

Mp3 for a use of phosphate ions.
Mp4 for a use of magnesium ions.

This was typical of many of the strong answers we saw.
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Explain the effect of increasing fertiliser concentration on the growth of
these plants.
(3)

TolSem® 00 erbllser. ... SCROL LT AT .. RACOE R, ... CORSO....
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a\___

ig ResultsPlus
Examiner Comments

This answer gained mp1 for the conclusion in the first sentence.

The rest of the answer did not gain credit as it was a description of the
results, not an explanation.

"

Pl

Q ResultsPlus

Examiner Tip
Always look carefully at the command word - here it was explain.
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ig ResultsPlus
Examiner Comments

This answer scored mp1 for the conclusion.

Although they knew that amino acids, membranes and chlorophyll
were important for growth, these were not linked to specific mineral
ions, so this candidate did not achieve mp2, 3 or 4.
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Question 6 (c)

Question 6(c) told candidates it had been suggested that duckweed could be grown in water
polluted with organic waste from cows and that the duckweed could then be processed to
make food for poultry and cattle. They were asked to use the information in the question to
comment on this suggestion.

To recap, they had been told that:

¢ inideal conditions, the number of duckweed plants could double in three days
e temperature and light were critical for this process
¢ increasing the concentration of fertiliser significantly increased growth rate.

Credit was not given for simply repeating this information, but it was given when the
information was applied to the new context, ie producing animal feed from duckweed. We
were looking for the following ideas:

¢ that the duckweed would clean the water, by removing excess mineral ions

¢ thatin the right conditions it would grow very fast, making a lot of food quickly

e that it was cheap (because it was using waste products) or sustainable (because there was
a lot of waste to use)

e that there is evidence that the concentration of fertiliser affects growth (because error
bars do not overlap)

e that it needs ideal conditions to grow fast, eg large area to float in a single layer or warm
temperature

e that the mineral ions in fertiliser might not be in the right proportions for duckweed, or
that not all required ions may be present

¢ that the growth of duckweed might have negative effects on other aquatic life (if it was
grown in a pond)

e that rapid growth was not certain at high levels of mineral ions (because error bars were
large)

e that there was a risk that the feed might carry disease or be contaminated with bacteria
from the organic waste.

Many candidates found this very challenging and were not able to apply the information to
the new context. The most frequently awarded marks were for comments on cost or
sustainability; comments on effects of fertiliser being significant (as error bars were not
overlapping), or effects on growth not being certain (as error bars were large); comments on
the proportions of mineral ions being wrong for the growth of duckweed; comments on
negative effects on other aquatic life; comments on the risk of transmission of disease to the
animals eating the feed produced from duckweed.
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This answer illustrated several of these points and scored the maximum 4 marks:

6¢. The organic waste may have a greater concentration of mineral jons that the plants can used.
As shown by the non-overlapping standard deviations, the greater the concentration of fertiliser,
the greater the mean growth of plants. fl there is a great growth rate of the duck weed, ti allows the
food stock to be replenished quickly. The organic waste will contain carbon compounds that the
decomposers breakdown and they release carbon dioxide into the air around them, which means
that there will be an increase in the amount of carbon fixation ni the light independent reactions
so more GALP can be produced. As well, the excrement will contain nitrogen, magnesium and
phosphate compounds which will be broken down again by decomfosers and released into the
water. This allows there to be a sustainable source of food as it will be recycling the nutrients, like
mineral ions.
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(c) It has been suggested that duckweed could be grown in water polluted with

organic waste from cows.
These plants could be processed to make feed for poultry and cattle.

Analyse the information to comment on this suggestion.

(4)

ig ResultsPlus
Examiner Comments

This answer covered 2 points and scored 2 marks for:

e theidea that increasing the concentration of mineral ions had a
significant effect on growth because the error bars did not overlap

¢ the idea that the organic waste might not contain all the mineral
ions the duckweed needed.
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<g£ ResultsPlus
Examiner Comments

This strong answer covered 4 of the points, scoring 4 marks for:
e there is evidence that concentration of mineral ions affects growth
of duckweed
e that rapid growth gives a high yield of animal food faster
e that there is variability in (duckweed) crop size which leads to
uncertainty for farmers
e that there is the risk of spreading disease from the organic waste.
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Question 7 (a)

This question assessed understanding of Core Practical 12 (growth of bacteria in a liquid
medium) although credit was also given for growing bacteria on agar plates.

Candidates were told that a student investigated the antibacterial properties of turmeric, a
spice made from the root of a plant, and that they suggested the hypothesis "an extract made
from turmeric root will reduce the growth of bacteria".

They were asked to devise a valid method to test this hypothesis. There were nine marking
points for six available marks; to summarise, credit was given for:

e asuitable method of growing bacteria (in liquid medium or on agar plates)

¢ asuitable method of applying the turmeric extract

e procedure followed with and without turmeric (different concentrations were allowed, as
long as one of them was zero concentration)

e asuitable time or temperature for growth of bacteria

e a method of collecting results that matched the method of growing bacteria and the
method of applying the turmeric extract

e use of a statistical test for difference, eg a t-test, or use of replicates and standard
deviation

e adescription of aseptic technique.

There were two further marking points (relating to method of making the root extract or
making a known concentration of extract) which were rarely seen. However, many candidates
scored very highly on this question, demonstrating their knowledge of the techniques and
their ability to write a clear and logical answer.

The most common errors were to leave out details, or to give a method of collecting results
which did not match the method of growth of bacteria or the method of applying the
turmeric extract, eg mixing the turmeric extract into the molten agar, then suggesting
measuring zones of inhibition. A surprising number dripped the turmeric extract directly
onto the agar plates, on top of bacteria, rather than using paper discs soaked in the extract.
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7 Turmeric is a spice made from the root of the plant Curcuma longa.
It has been used in traditional medicine for many years.

{a) A student investigated the antibacterial properties of turmeric.
The student suggested the hypothesis:

An extract made from turmeric root will reduce the growth of bacteria.
Devise a valid method to test this hypothesis.

(6)
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/'--.". Examiner Comments

This answer came close to many of the marking points, showing that
the candidate had an understanding of the processes involved.
However, lack of detail resulted in a final score of 2 marks. Marks were
awarded for:

e adding bacteria to agar plates
e using paper discs to apply the turmeric extract.

The following points could not be given:

e aseptic technique was mentioned, but not described

e arange of concentrations was suggested, but zero was not included

¢ the incubation temperature was not given, and a week was not a
suitable time

e the zone of inhibition is mentioned, but it is not clear what is being
measured.

ResultsPlus
\

Examiner Tip

When describing a practical procedure, always include details.
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This strong answer scored 6 marks for:

e mp3 for bacteria grown on an agar plate

e mp6 for suitable temperature

e mp9 for description of flaming the inoculating loop

e mp4 for use of paper discs

e mp7 for calculating the area of the clear zone

e mp8 for repeating and calculating standard deviation

They did not score mp5 as although they stated that the independent
variable was the presence of turmeric extract, there was no control
disc used.
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i( ResultsPlus
Examiner Comments

This candidate used a different method to apply the turmeric extract,
mixing it into the agar, achieving mp4.

They clearly had one plate with turmeric and one plate without, which
gained mp5.

They did not have a suitable method of collecting results so did not get
mp7; "see if bacteria have grown" is too vague and area is irrelevant
here. Counting colonies would have been much better.

They used a t-test to find out if there as a significant difference,
achieving mp8.

They also achieved mp9, 3 and 6.
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Question 7 (b)

This question provided candidates with information about the design and outcomes of a trial
comparing turmeric extract with an existing drug for the treatment of joint pain. It tested
their ability to critically analyse information and make judgements, which is a key part of
working scientifically.

There were some excellent responses to this question, with many candidates providing
thoughtful and detailed answers. For full marks, we were looking for a mixture of comments
on the design of the trial (which had some clear faults), as well as the outcomes of the trial.
Generally, the description of the outcomes was better, and some candidates confined
themselves to this, scoring a maximum of four marks.

The most commonly seen marking points were 6, 7, 8 and 9, although all were seen.

The most common error was to misread the graph about weight loss and state that fewer
patients had weight loss with Drug A, rather than that there was a lower mean percentage
weight loss (we are not told anything about the number of patients affected). Regarding the
design of the trial, some thought that 139 was a large number of patients for a trial to
replace an existing drug with a new treatment, and few commented on the short duration of
the trial, only 28 days.

We did not give credit for suggesting that there were differences in the number of patients
who reported 50% improvement in pain levels or those rated as having good or excellent
outcomes by doctors; the percentages given in the graphs were very similar, the sample size
was small (only 139) and there were no error bars.
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Analyse the data to discuss the suggestion that curcumin should be used to ‘
replace Drug A as a treatment for knee pain.

Use information about the design of this trial and the results to support
your answer.
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This answer scored 5 of a possible 6 marks for:

e mp7 for the comment on side effects (lines 2-4)

e mp9 for the comment on weight loss (lines 8-9)

e mp1 for the comment on number of patients in trial (lines 19-20)

e mp 2 for the comment on the length of the trial (line 21)

e mp3 for the comment that people over 65 were excluded (lines 22-
24).

We did not award mp6 or 8, as the candidate suggested that there was
a difference in outcomes.

117 GCE Biology B 9BIO 03



B Droey B 00d QucCinif.. hod. SOnGIC. CRIMES L. 6enS. 06 ...
REENOL. R ESEAD. L. ORI I MACHEMENY.... 0. Qa0 AN ...
LRSS, S0aSSKS.. PO DR A0, BFe._ Simiase a0, effeiiened . BSeecioly. ..

- BRCNANL WY s & =

m\ﬂsﬁ—mnwmm;sﬁmmk@gtmnwmmwm :

ARy KOS m L e e ok eerel3Oaly, be. o j0ad) S efes - heeke,,

LHENNNN. 0. De._OMR0ED 1o, (AR .. 00 Prav® 1 haniny. CewecT. ...
TR SN PRI o R SR S S

G 00 @ dvgive (. QRTENCHE OF. dalientl SN0 SxvRdtna

D 00NN, ol OGS bR S0y amits e, & 28 s - DG RS
oﬁ%\gxmmmmﬁm:mmam
WICENS | COMEOIO. AER _1oeo, K850 Sas. G2, OO IO DRERR.. k.. Conver

GCE Biology B9BIO 03 118



™,
\-\.

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

This answer also scored 5 of a possible 6 marks for:

e mp6 and mp8 (lines 1-5)
e mp7 (lines 6-7)

e mp5 (lines 15-17)

e mp2lines 18-22).

We did not award mp9 as they stated that a higher percentage of
patients experienced weight loss with curcumin.
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N ﬁ{ ResultsPlus
/'--.. Examiner Comments
This answer scored maximum marks for:
e mp6 (lines 1-3)
e mp7 (lines 4-6)
e mp8 (lines 11-12)
e mp3(14-17)
e mp2 (lines 17-19)
e mp1 (lines 21-22).
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Question 8 (a)

Question 8 assessed Core Practical 16 (the effect of an abiotic factor on the distribution of a
species) as well as the use of a statistical test to analyse the data.

The context was the abundance of celandine along a transect from a path into a beech
woodland. The method was described and candidates were provided with table of results.

Question 8(a) asked them to give a null hypothesis for this investigation.

We were looking for a clear statement that included the type of relationship being tested
(here a correlation), the dependent variable (the abundance or number), the name of the
organism being studied (celandine), and the independent variable (distance from the path)
ie. there is no correlation between the number of celandine and the distance from the path.

Many candidates lacked confidence in making a null hypothesis, and it would be helpful if
centres could give them the opportunity to practise this skill.

The most common errors were to refer to difference, rather than correlation (even though
part (b) told candidates that a Spearman Rank correlation co-efficient was calculated); to use
vague terms like relationship or effect, rather than correlation; to refer to plants in general,
rather than the species being studied; or to propose a hypothesis that described how the
number of celandine would change rather than a null hypothesis.
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8 The photograph shows a celandine plant, Ficaria verna, that is commonly found in

woodlands in the UK.

(Source: © TH FOTO-WERBUNG / SCIENCE PHOTO LIBRARY)

A student noticed that many of these plants grew in a mature beech woodland, but
seemed to be less abundant as the distance from a path increased.

The student investigated the distribution of celandine using this method:

+ setup a transect at 90° to the path (transect 1)

« at 1 metre intervals along the transect, place a tape parallel to the path
«  record the presence or absence of celandine every 25¢m along the tape
+ repeat for two more transects in the woodland (transects 2 and 3).

The diagram shows the arrangement of the transect and the tape.

mature beech woodland
{not all trees shown)

transect 1 (8 m long)

tape showing sampling
points at 25 cm intervals
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Examiner Comments

This clear null hypothesis is exactly what we were looking for, and
gained the mark.

Thee_wpall_be no  dibkence. N the. Abunggncg,.-

ﬂﬂesuﬂsﬁm
Examiner Comments

This was the most common mistake we saw.

A difference will only be used if you are comparing two sets of data -
here there were nine sets of data, so it must be a correlation.

e Askance. . o mal..paHA.. NAS...O0......
LR O R SUTMNOANCE. i s

ﬂ ResultsPlus
Examiner Comments

This candidate made two important mistakes:

e "Has no effect" is too vague to gain credit when writing a null
hypothesis.

e They did not include the name of the species being studied.
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(a) Give a null hypothesis for this investigation.

_ ResultsPlus

Examiner Comments

This null hypothesis was correct apart from one important word -
"relationship" is too vague, it should be correlation.

125 GCE Biology B 9BI0 03



Question 8 (b)

Question 8(b)(i) gave candidates a table of data and asked them to calculate the correlation
co-efficient, r.

Rank values, d values and d? values were all calculated for candidates, and the formula for re
was given.

Many candidates had been well-prepared for this type of question and were able to carry out
the calculation gaining the full three marks.

The most common errors were to:

e add up the ¢ values wrongly

e usen =38, ratherthann=9

e touse n =88.9 (which was the sum of the mean values - this error was seen quite a few
times)

e to forget to subtract the intermediate value from 1

e to give the final answer to the wrong number of significant figures.

Many gave the final answer as - 0.967. The minus suggests that it is a negative correlation,
and this was accepted for 3 marks. However, candidates should remember to ignore the
minus sign when interpreting the rg value in part (b)(ii).

Question 8(b)(ii) asked candidates to use the r¢ value they had calculated to explain the
conclusion that could be drawn from the investigation. There were three available marks:

e mp1 was for selecting the correct critical value from the table of values given. As there
were 9 pairs of values, the critical value at p = 0.05 was 0.700 and at p = 0.01 it was 0.833.
Either of these was acceptable.

e mp2 was for correctly comparing the critical value to their calculated r value, and either

accepting or rejecting the null hypothesis.
e mp3 was for a conclusion that stated there was (or was not) a significant correlation
between the number of celandine plants and distance from the path.

Ecf was allowed for incorrectly calculated values from part (b)(i) being used in part (b)(ii).
The most common errors were to:

e use the wrong number of pairs of values, and therefore read off the wrong critical value

e write that - 0.967 is less than the critical value of 0.700. The minus sign should be ignored,
so 0.967 is greater than 0.700

e be confused about when to accept or reject the null hypothesis

¢ |eave out the word "significant" in the conclusion.
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(i) Calculate the correlation coefficient, r.

Use the formula:

(3)
P 6) d?
’ n(m -1)
Where:
Z = the sum of
d = the difference between each pair of ranks
n = the size of the sample (number of pairs of values)
Give your answer to three significant figures.
o *x 230 B
Fo= | a(q* -0
- w3k
9 x 30
- ly G
- =70
= 1 - 1866067 Answer..=. 0907 .

—

S -0 YT
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(ii) The table shows some critical values for this correlation coefficient.

4 1000 | - -
5 0900 | 1000 | -

6 0829 | 0886 | 1.000
7 0714 | 0786 | 0929

8 0643 | 0738 | 0881

9 0600 £ 0.700 ) Q83>
10 | 0564 | 0648 | 0794

Analyse the data to explain the conclusion that can be drawn from
this investigation.

Use the table of critical values and your calculated correlation coefficient.
(3)

..’T_x,ﬁ dable S ows . NGY  Anere  defintdu. I
...... TRONRENAIR  statishical ‘:.\x\m&cm\ge. as..0- Q(cﬁ 7..
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This candidate achieved full marks for both parts of the question.

In Question 08(b)(i) they calculated the right answer (0.967), and set
out the working clearly, so all steps could be seen.

In Question 8(b)(ii) they indicated the correct critical values in the
table, and chose one of them for comparison in the text, gaining mp1.

They correctly said that 0.967 is greater than 0.833 so the null
hypothesis should be rejected, gaining mp2.

They concluded that there was a strong negative correlation between
distance from the path and abundance and that there was a less than
1% chance that these results were due to chance, ie they were
statistically significant. This gained mp3.
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() Calculate the correlation coefficient, r..

Use the formula:
{3)

6) d?
Where:
Z = the sum of
d = the difference between each pair of ranks
n = the size of the sample (number of pairs of values)

Give your answer to three significant figures.

Sum%dtﬂ S pu tBEALETU HL ki otug rqq~ 236

A norabe o palrsS e vaures .

Nn="°
6 d;_(-'-\'l z - %l
g = |\ — _ :\1_?1__:_?0

nCnr —LU)

%ﬁ:&

Answer . =Q 963

6 (236D

f“ =\~

s T\ (o)

- - O.QE}G‘ .
- -0.96F (3S-y)
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(i) The table shows some critical values for this correlation coefficient.

5 0.900 | 1.000 -

6 0.829 | 0.886 | 1.000
7 0714 | 0786 | 0.929
8 0643 | 0738 | 0.881
9 0.600 | 0.700 | 0.833
10 0.564 | 0648 | 0.794

Analyse the data to explain the conclusion that can be drawn from
this investigation.

Use the table of critical values and your calculated correlation coefficient.
~0.963Gs.p) 3

||||||||||||||||||||||||||||||||||||||||||||||
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This candidate scored full marks for Question 8(b)(i).
However, there were mistakes in Question 8(b)(ii).
They scored mp1 for identifying the critical value as 0.700.

They did not achieve mp2 because they wrote that - 0.967 is less than
0.700; the minus sign should have been ignored.

They did not achieve mp3 because they did not state that the
correlation was significant, or state what was correlated to what ("the
data" is too vague).
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(i) Calculate the correlation coefficient, r.

Use the formula:
(3)

Where:
Z = the sum of
d = the difference between each pair of ranks
n = the size of the sample (number of pairs of values)

Give your answer to three significant figures.

n= %—fgﬂ j4-7+10:0+818-5+ -5+ 25450

Sdl- g ggs’w/@% HH He+ 4

=

= 0-977%.. ..
~09%
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(i) The table shows some critical values for this correlation coefficient.

5 0.900 | 1.000 -

6 0.829 | 0.886 | 1.000

7 0.714 | 0.7 0.929

8 0.643 738 43 0.881
@ 0600 ((0.700 ¥ 0.833

1‘;) 0564 | 0.648 | 0.794

Analyse the data to explain the conclusion that can be drawn from
this investigation.

Use the table of critical values and your calculated correlation coefficient.
(3)

(01 g ot
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In Question 8(b)(i) this candidate scored mp1 for correctly calculating
the sum of d? as 236.

They used the wrong value for n (it should have been 9, because there
were 9 pairs of values, but here they used 88.9 which was the sum of
the means from the table). Therefore, they did not score mp2 or 3.

In Question 8(b)(ii) they correctly identified the critical value as 0.700,
scoring mp1.

They correctly stated that their calculated value of 0.998 was greater
than the critical value (ecf was allowed here from part (b)(i)), and that
the null hypothesis should be rejected, gaining mp2.

They did not get mp3, as they referred to a significant difference, not
correlation.

T4\ ResultsPlus
\ Examiner Tip
Always set out your working clearly in calculations. This allows you to
get credit for intermediate values if you make a mistake and get a

wrong final answer.
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Question 8 (c)

Question 8(c) asked candidates to identify one abiotic factor that might influence the
distribution of celandine plants; to describe a method that could be used to measure how it
changed along the transect; and to explain why the factor would change along the transect
and how this might affect the growth of celandine plants.

The key to success in the whole question (which was worth seven marks) was choosing a
factor that you were happy to write about in parts (c)(ii) and (c)(iii).

For Question 8(c)(i), most candidates were able to identify one suitable abiotic factor. There
were many that could be chosen, eg light intensity, humidity, temperature, soil pH, soil
humus content, soil mineral content and soil water. Light intensity was the commonly chosen
factor, although all of the others were seen. Where the mark was lost it was usually for
choosing a biotic factor, eg trampling or grazing, or for imprecise language, eg choosing
sunlight instead of light intensity.

Question 8(c)(ii) asked candidates to describe a method that could be used to measure how
the factor changed along the transect. There were three marking points:

e Mp1 was for the use of suitable equipment, eg meter or probe if appropriate; or a suitable
procedure, eg weighing, drying and reweighing to find water content.

e Mp2 was for standardising the use of the equipment or procedure, eg holding the meter
at a constant height above the ground or inserting the probe into the soil at the same
depth. This was often forgotten.

e Mp3 was for where the data was collected, eg at every point where plants were counted /
in every quadrat / at Tm intervals / at 25cm intervals. Some candidates lost mp3 because
they ignored the method given at the start of the question and invented a new one.

Question 8(c)(iii) asked candidates to explain why the factor would change along the
transect and how this might affect the growth of celandine plants. There were four marking
points for three available marks.

Mp1 was for a clear statement of how the factor would change (increase or decrease) along
the transect.

Mp2 was for a simple explanation of why the factor would change in this way.
Mp3 was for a comment on how this would affect plant physiology.
Mp4 was for a directional explanation of how this would affect the growth of the plants.

This was generally well done, with many candidates achieving three marks. Some did not give
a clear statement for mp1 and some did not give a directional explanation for mp4. Some
candidates struggled to get mp2 and 4 if they had chosen a less obvious factor.
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(c) (i) Name one abiotic factor that might influence the distribution of
celandine plants.

(1)

(i) Describe a method that could be used to measure how this abiotic factor
changes along the transect.

..........

(ili) Explain why the factor you have chosen would change along the transect and
how this affects the growth of celandine plants.

(3)
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This student achieved the mark for Question 8(c)(i) as they had
written light intensity in their answer to Question 8(c)(ii).

In Question 8(c)(ii), they only achieved mp3, as they did not describe
how to measure the light intensity.

In Question 8(c)(iii), they achieved mp1, 3 and 4.
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(c) (i) Name one abiotic factor that might influence the distribution of
celandine plants.
(1)
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(i) Describe a method that could be used to measure how this abiotic factor
changes along the transect.
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(iii) Explain why the factor you have chosen would change along the transect and
how this affects the growth of celandine plants. .
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This answer scored the mark for Question 8(c)(i).

In Question 8(c)(ii) the candidate scored mp1 for the use of a probe,
but did not say where the readings would be taken or attempt to
standardise the method.

In Question 8(c)(iii), the candidate scored mp3 only.

The statement that water availability would change was not enough for
mp1, and there was no logical explanation of the change for mp2. Mp4
was not awarded because there was no link to how this would affect
growth.
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(¢} (i) Name one abiotic factor that might influence the distribution of

celandine plants.
(1)
..... e YOO QECAN TR
(i) Describe a method that could be used to measure how this abiotic factor
changes along the transect.
(3)
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{iii) Explain why the factor you have chosen would change along the transect and
how this affects the growth of celandine plants.
(3)
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This answer scored 1 mark for the choice of temperature in Question

8(c)(i).

In Question 8(c)(ii), only mp1 was achieved (for the digital
temperature reader); at regular intervals along the transect was not
enough for mp3.

In Question 8(c)(iii), they scored mp1 and 2, for the idea of trees
shading the plants, so they were cooler. There was not enough detail
for mp3 or 4.
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(c) (i) Name one abiotic factor that might influence the distribution of
celandine plants.
(1)

...... Light IRGARDy

(i) Describe a method that could be used to measure how this abiotic factor
changes along the transect.
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(iii) Explain why the factor you have chosen would change along the transect and
how this affects the growth of celandine plants.
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This answer scored the following marks:
Question 8(c)(i): 1 mark.
Question 8(c)(ii): 2 marks (mp1 and 3).

Question 8(c)(iii): 1 mark, mp4 only. No clear statement of how the
factor changes, or why, eg due to trees shading the plants. The
reference to higher rate of photosynthesis was not precise enough.
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Question 9 (a)
Question 9 was about natural selection in peppered moths.

In Question 9(a) candidates were given some background information about peppered
moths and asked to explain how natural selection could have led to the increase in numbers
of the dark form in industrial areas between 1848 and 1895.

This was generally answered very well, with almost 30% of candidates gaining full marks and
over 50% achieving three out of four marks.

Mp1 was the least commonly seen mark, with some forgetting to explain where the dark
moths came from. Almost all got mp2 for describing how camouflage increased survival of
the dark moths in industrial areas, or the light moths in rural areas.

Some lost mp3, 4 and 5 because their answers were not in context, ie they referred to an
advantageous allele, without saying that it was for dark wing colour; generic answers about
natural selection will never score full marks when a particular context is being assessed.

Some lost mp4 because they referred to a gene being passed on: all moths inherited a gene
for wing colour, with some carrying the allele for dark wing and some carrying the allele for
light wing.

Some lost mp5 because they said that the allele frequency for dark wing changed over time,
instead of increased; or because they referred to the number of dark moths increasing rather
than the frequency of the allele increasing.

9 Peppered moths, Biston betularia, are found in many parts of the UK.
Two forms of this species are found, a light form and a dark form.

Peppered moths sometimes rest on tree trunks during the day. In rural areas with
clean air, the tree trunks are often covered with lichen. In industrial areas the trees
have less lichen on them due to air pollution.

The photographs show both forms resting on tree trunks.

dark form dark form
light form light form
Tree trunk in rural area Tree trunk in industrial area
(Source: © MICHAEL W. TWEEDIE / (Source: © STEPHEN DALTON / NATURE
SCIENCE PHOTO LIBRARY) PICTURE LIBRARY / SCIENCE PHOTO LIBRARY)
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Peppered moths are often preyed on by birds.
(a) Until 1848, light peppered moths were the only form recorded.

In 1848, a single darker form of the moth was observed in an industrial area in the
north-west of England.
In 1895, 98% of peppered moths in this industrial area were the dark form.

Explain how natural selection could have led to these changes.
(4)
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Examiner Comments

This answer scored mp3, 2, 4 and 5.
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Examiner Comments

This answer scored mp3 for the idea that the beneficial allele was for
dark colouration.
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This answer scored mp2 only.

They came close to mp4, but it could not be awarded because they
described the gene being passed on, not the allele.
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This very strong answer achieved maximum marks, covering all 5
marking points.
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Question 9 (b)

This was the nine-mark, levels-based question. Candidates were given data: results of two
historical studies carried out on peppered moths, and map data showing comparative
proportions of light and dark forms in the 1950s and 1970s. They were also told that more
recent studies had revealed new evidence about their main resting place during the day and
their main predators.

They were asked to discuss the validity of the following suggestion: that the change in
proportions of peppered moth forms is an example of natural selection.

The command word discuss requires candidates to explore all aspects of the situation being
considered and to investigate it using reasoning.

The indicative content was divided into four areas.

Investigation 1: predation by birds.

Investigation 2: recapture of light and dark moths.

Investigation 3: map data.

Confounding data (which included aspects of experimental design).

To achieve Level 1, candidates could make points from any of the four areas.
To achieve Level 2, candidates must make points from at least two areas.

To achieve Level 3, candidates must make points from at least three areas, and for seven or
eight marks, this must include confounding points.

Generally, candidates did very well on this question, using the information given and their
own knowledge of natural selection and experimental design to build strong arguments.
There were many excellent, logically-structured answers which gained nine marks. Credit was
not given for simply repeating the steps of natural selection, which had been tested in
Q09(a); we were looking for an analysis of the studies described.

Candidates seemed to realise the need for a balanced answer which included consideration
of all of the studies described, and their own analysis of the data. Overall, 44% achieved Level
3, 29% achieved Level 2 and 21% achieved Level 1, with around 6% of candidates failing to
score at all, usually for leaving the pages blank.
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The most common misconceptions related to the following:

e that only the light form were peppered moths, and that only the light form rested on the
underside of branches

¢ that moths were simply migrating from one area to another, not that the proportions were
changing due to different survival rates

e that moths were being eaten by bats during the day while they were resting on branches,
rather than at night when they were flying

e that bats are not found in the UK

e the ways that bats find their prey.

The indicative content given in the mark scheme was not exhaustive, and many candidates
gained credit for other relevant suggestions.
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It has been suggested that the change in proportions of peppered moth forms is
an example of natural selection.

Discuss the validity of this suggestion.
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This answer scored 4 marks.
Investigation 1: one point made

Map data: they refer to the higher proportion of dark moths in the
1950s (which is an implicit comparison with the 1970s), gaining a point.
However, they do not develop this argument further or refer to
proportions in different parts of the country.

Investigation 2: they make one confounding point (that the light moth
numbers were almost equal in industrial and rural areas).

They also refer to the main predator being bats, not birds, gaining a
further confounding point.
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It has been suggested that the change in proportions of peppered moth forms is
an example of natural selection.

Discuss the validity of this suggestion.
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This answer scored 3 marks.

It shows a good understanding of some of the relevant points, but
these are not developed enough to gain credit in some cases. This is
frustrating, as there is a lot more that this candidate could have said
and would have scored much better.

In lines 5-6 they refer to a confounding point, about the lichen cover
not changing, but do not develop this further by relating it to the
increase in light form moths in the 1970s.

They gain a point for saying that the main predator of peppered moths
is bats, a second point for suggesting that bats may be more
numerous in rural areas than industrial areas and a third point for
linking this to the proportions recaptured in Investigation 2.

If this level of analysis had been applied to the other studies, this
answer would have scored highly.

GCE Biology B 9BI0 03 154



It has been suggested ,‘Z“AWM“'"‘—“’-MM
an example of natural on.
@1 this suggestion.
(9)

................... mu&d&bﬂmk;;hhdxuﬁku;mnu;hitﬂm&
....................... Mnmsguﬁ%kmmngcmwh&nnlnu&&u?

...................... \ LKWEWyb&ZIMMWBLhu“MMhm\L
Bty e o WAL R G B 190w Mt s s plbedin
........................... Mn!a.b.\u.rmpa%&houflmumd&smldmkdms,

,,,,,,,,,,,,,,,,,,, b oman [k bad o chaged sigpi Fnalle - Abasrmd
“ ’mLIm{ ,,,,, La tomnd-  atiume Comsalo in bemsF

155 GCE Biology B 9BI0 03



-

........ Thar M&m\ﬁu&wmmmm,mumm
st Sauigabdan S scndlg . M%MM*@mﬂ—p{hbﬁ
et DAL, AL moths... o agk taan gak. 0n. Ko ks I Lk o
................ Ln uﬂ,%mh%:&f\%&mﬁxt&lmﬁn;ﬂg

ctitnb o n et in e DK gogek ik is e Girds dhak
ot Nawkd o begs o Bah P b favnd ga doedd plaees, whaes

.......................... mu%q:lwwmhp«qmlﬂfmﬁhkﬂu_&nmmﬁixmdm,

o W ok ML s pedaden

GCE Biology B9BI0O 03 156



™,

< { ResultsPlus
/-*-.; Examiner Comments

This is a very strong answer which gained 9 marks.

It is clear and well-structured, logically working through the data given
in the question.

On page 1, they gain one point for the discussion of Investigation 1.

They go on to gain two points for the discussion of Investigation 2: that
more dark moths survive in industrial areas (not just that more were
recaptured) and that more light moths survive in rural areas.

They gain two further points for describing a possible flaw in the mark-
release-recapture technique and for recognising that we are not told
the sample size for Investigations 1 and 2; these are confounding
points.

At the bottom of the first page, they go on to gain a further point when
discussing Investigation 3, that the lichen cover had not changed when
the number of light form moths increased in the 1970s.

On page 2, they gain credit for recognising that if the moths do not rest
on the tree trunks, the camouflage against lichen is less important, and
that bats are the main predators. We were not able to give further
credit in relation to bats, as they incorrectly stated that UK bats do not
roost in trees (most of them do), and that the light forms may be easier
to see, when bats hunt by echolocation.

However, they gained a final point when they suggested that there may
be a correlation between pollution and the survival of the dark form
but this does not prove causation and that other factors eg predators,
location, habitat may be involved.
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This is another excellent answer, containing lots of relevant details and
a logical argument.

They were particularly effective in picking out confounding arguments,
eg about bats and their method of hunting, sample size, mark-release-
recapture technique, light form moth survival in Investigation 2, and in
suggesting other factors which may be involved.

They also provided detailed analysis of the map data gaining 9 marks
in total.
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It has been suggested that the change in proportions of peppered moth forms is
an example of natural selection.

Discuss th@ this suggestion.
(9)
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This is another very strong answer, gaining the full 9 marks.

This candidate approached the problem from a different angle,
identifying all of the flaws in the argument for natural selection and
linking them to the studies described.

They start with a confounding point about sample size, linked to
Investigation 1. They recognise a second flaw in this investigation - that
the moths were placed on tree trunks, which is not where they usually
rest; and a third, that bats are the main predators of these moths, not
birds.

Moving on to Investigation 2, they note that the number of light moths
recaptured in industrial areas was high (still 13.1%), that other factors
may be involved. They also note that the method of recapture was not
given and that some colours of moth may have an advantage.

For Investigation 3, they recognise the change in proportions of dark
and light moths between the 1950s and 1970s, but had already stated
that the lichen cover had not changed. They correctly point out that we
are not told the pollution levels or amount of industrialisation in the
areas highlighted on the map.

They finish by saying that the investigations should be repeated,
including further information for the areas highlighted on the map ie
bats and bird population sizes, the level of pollution and light intensity.
These are valid points and gained credit.
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Question 10 (a)(i)

Question 10 was a series of linked questions about respiration rate in yeast. It covered three
separate investigations.

Question 10(a) investigated the respiration rate with two different sugars used as
substrates; sucrose and lactose. When sucrose was used, yeast was able to respire. Lactose
was used under two different conditions; once with the enzyme lactase added (in which case
respiration took place) and once with no lactase added, when no respiration took place.

Q10(a)(i) gave candidates a graph of the volume of carbon dioxide produced over time and
asked them to calculate the initial rate of respiration for sucrose. This required them to draw

a tangent to the curve at the start of the investigation and read off values from the graph to

calculate the rate in cm3 min™'.
Most candidates seemed familiar with how to do this, but some were not accurate enough

with their tangent or reading of the scale. The range allowed was 0.028 - 0.032 cm3 min™'.
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. _
10 During respiration, yeast cells break down sugars to produce carbon dioxide
and ethanol.

The respiration rate of yeast is affected by several factors. It can be estimated by
measuring the rate of production of carbon dioxide gas.

(a) Scientists measured the rate of respiration of yeast using the sugar sucrose as

a substrate. Suciog yes > 4 ehkacol -
This was repeated using the sugar lactose with and without Iictase.
l lackAst —y Cﬂ‘l
Lactase is an enzyme that hydrolyses lactose. ackose
id ydrolyse \actose DO ldhse -
The same concentrations of both sugars were used and the suspensions were
incubated at 30°C.
The graph shows the results.
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(i) Calculate the initial rate of respiration of yeast with sucrose.
6 - 0.0}
2100

(1)

0.0

ANSWEF oo T CIOPMIN!

GCE Biology B9BIO 03 164



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

Here the candidate drew the tangent accurately and read the values
off the graph correctly to score 1 mark.
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10 During respiration, yeast cells break down sugars to produce carbon dioxide
and ethanol.

The respiration rate of yeast is affected by several factors. It can be estimated by
measuring the rate of production of carbon dioxide gas.

(a) Scientists measured the rate of respiration of yeast using the sugar sucrose as
a substrate.

This was repeated using the sugar lactose with and without lactase.
Lactase is an enzyme that hydrolyses lactose.

The same concentrations of both sugars were used and the suspensions were

incubated at 30°C.
The graph shows the results.
12 1 :
| ]| L
10 sucrose [
gy — .
Total volume of 8
carbon dioxide A
produced / cm? 6
lactose with lactase
4 ' e s
2 . =
Iaitose thout lacta
0 LLELEL el

0 100 200 300 400 500 600 7

Time / minutes

(i) Calculate the initial rate of respiration of yeast with sucrose.
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(1

Answer 003 cm*min!
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/'--.‘: Examiner Comments

This candidate read the values directly from the graph, without
drawing a tangent. This can be risky, as it is harder to read the values
accurately when the numbers are small; here they got the right
answer, achieving the mark.
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10 During respiration, yeast cells break down sugars to produce carbon dioxide
and ethanol.

The respiration rate of yeast is affected by several factors. It can be estimated by
measuring the rate of production of carbon dioxide gas.

(a) Scientists measured the rate of respiration of yeast using the sugar sucrose as
a substrate.

This was repeated using the sugar lactose with and without lactase.
Lactase is an enzyme that hydrolyses lactose.

The same concentrations of both sugars were used and the suspensions were
incubated at 30°C.

The graph shows the results.

12

4. .
10 sucrose

11
| R

Total volume of 131
carbon dioxide ’ A
produced/cm* 6 :

0;--: lIﬁ't;:;r,{e t lactase
0 100 200 300 400 500 600 700 800 900 1000
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(i) Calculate the initial rate of respiration of yeast with sucrose.
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Answer ... cmimin!
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/--.. Examiner Comments

The tangent was not accurately drawn, so the final answer was outside
the acceptable range.
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During respiration, yeast cells break down sugars to produce carbon dioxide
and ethanol.

The respiration rate of yeast is affected by several factors. It can be estimated by
measuring the rate of production of carbon dioxide gas.

(a) Scientists measured the rate of respiration of yeast using the sugar sucrose as
a substrate.

This was repeated using the sugar lactose with and without lactase.
Lactase is an enzyme that hydrolyses lactose.

The same concentrations of both sugars were used and the suspensions were
incubated at 30°C.

The graph shows the results.
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(i) Calculate the initial rate of respiration of yeast with sucrose.
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/--.. Examiner Comments

The tangent drawn here was in the wrong place for the calculation of
initial rate.
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10 During respiration, yeast cells break down sugars to produce carbon dioxide
and ethanol.

The respiration rate of yeast is affected by several factors. It can be estimated by
measuring the rate of productlon of carbon dioxide gas.

(a) Scientists measured the rate of respiration of yeast using the sugar sucrose as
a substrate,

This was repeated uslng the s'ugar lactose with and without lactase.
Lactase is an enzyme that hydrolyses lactose.

The same concentrations of both sugars were used and the suspensions were

incubated at 30°C,
The graph shows the results.
12
10 sucrose [
B el u
Total volumeof 8
carbon dioxide A
produced / cm?
lactose with lactase
4 I - u
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0 100 200 300 400 500 600 700 800 900 1000

Time / minutes

(i) Calculate the initial rate of respiration of yeast with sucrose.
(1)
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Answer 00|L&5 cm?min'
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_‘/'--.. Examiner Comments

This candidate made two important mistakes.

e They were attempting to calculate the overall rate, rather than the
initial rate.

e They read the value on the y-axis wrongly, as they did not
understand the scale.

M4\ ResultsPlus
\ Examiner Tip
Always check the scale on a graph - here the scale on the y-axis goes

up in intervals of 0.4, not 0.2
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Question 10 (a)(ii)

In Question 10(a)(ii), candidates were asked to use the graph to compare the results for
sucrose to lactose without lactase. There were four marking points for three available marks.

Generally, candidates did well on this, with almost two thirds gaining at least two marks.

Most realised that yeast was able to use the sucrose to respire, producing carbon dioxide,
gaining mp1. Most realised that without lactase, lactose could not be broken down, gaining
mp2.

Some also realised that yeast did not produce carbon dioxide when lactose without lactase is
added, but did not always link this to respiration not taking place.

Mp4 was least commonly seen: that respiration stops when all of the sucrose is used up.
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(ii) Explain the results for sucrose compared with lactose without lactase.
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<g£ ResultsPlus
Examiner Comments

This very strong answer covered all 4 marking points (and lots of
additional information), gaining maximum marks.
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(i) Explain the results for sucrose compared with lactose without lactase.
(3)

1
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e o @ACAN @A i

a\___

i( ResultsPlus
Examiner Comments

This answer achieved mp1 only. It does not address the breakdown of
lactose for mp2 and does not state that it cannot be used in
respiration for mp3.
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Question 10 (a)(iii)

In Question 10(a)(iii), candidates were asked to explain the effect of lactase on the respiration
rate of yeast in the first 400 minutes.

The graph showed that although the initial rate of respiration for lactose with lactase was
very similar to the rate for sucrose, the rate began to plateau at around 200 minutes, and by
400 minutes respiration using lactose with lactase had stopped. The volume of carbon
dioxide produced was roughly half of that produced with sucrose.

There were four marking points for three marks:

e mp1 that lactase breaks down lactose into glucose and galactose; many got this point

e mp2 that yeast can only use one of these sugars (glucose) for respiration; this was seen
reasonably frequently

e mp3 so the volume of carbon dioxide is around that half that produced by sucrose; this
was hardly seen at all, even by those who knew that only one of the sugars could be used

e mp4 that respiration stops when the glucose (substrate) is all used up; this was attempted,
but not always achieved. Some referred to lactose being used up, and some referred to
rate of respiration levelling out, rather than respiration stopping.

Some candidates seemed very confused by the idea that there was more than one enzyme-
controlled reaction happening at the same time, ie that lactase added to the flask was
breaking down lactose to give glucose, and that the enzymes in yeast were then using the
glucose as a respiratory substrate. In weaker answers, it was common to see the idea that
the breakdown of lactose by lactase produced carbon dioxide directly.

Some candidates became confused between monosaccharides and disaccharides; some
thought that sucrose was a monosaccharide because it did not need to be broken down
before respiration could take place; some thought that lactose was a monosaccharide
because it produced half as much carbon dioxide.
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(i) Explain the effect of lactase on the respiration rate of yeast during the first
400 minutes.

(3)
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ig ResultsPlus
Examiner Comments

This answer gained mp4 only.

It did not get mp1 because only one of the sugars produced when
lactose is broken down was named.

It did not get mp2 because it did not state that glucose is used in
respiration.
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(ii) Explain the effect of lactase on the respiration rate of yeast during the first
400 minutes.
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iz ResultsPlus
Examiner Comments

This answer also gained mp4, but did not attempt to explain the effect
of lactase at all.

(iiiy Explain the effect of lactase on the respiration rate of yeast during the first

400 minutes.
(3)
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<2_Z ResultsPlus
Examiner Comments

This answer achieved mp1, 2 and 4, gaining full marks.
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Question 10 (b)

Q10(b) was about the effect of temperature on an enzyme-controlled reaction. Candidates
were told that the experiment with sucrose was repeated at a temperature 10°C lower, and
that all other variables remained the same. They were asked to explain the effect of this
temperature change on the respiration rate in yeast.

It was clear that most candidates felt more comfortable with this question and many were
able to achieve mp1 - that the rate of respiration would be lower because there was less
kinetic energy.

Mp2 proved more challenging, because most referred to fewer enzyme-substrate collisions
or E-S complexes formed without linking this to time or frequency. Some wrote that there
would be less frequent collisions, but did not say what was colliding, so did not gain credit. A
surprising number wrote that enzymes would be denatured at lower temperatures.

Mp3 and 4 were hardly ever seen.

Some wrote vague answers about enzymes working faster at their optimum temperature
without any explanation.

(b) The experiment with sucrose was repeated at a temperature 10°C lower.

A

All other variables remained the same.

Explain the effect of this temperature change on the rate of respiration of yeast.
(3)
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\/ / ResultsPlus

Examiner Comments

This answer achieved mp1 only. Not mp2 as they did not state that it
would be less enzyme substrate complexes formed per unit time.
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<’¢_§ ResultsPlus
Examiner Comments

This answer came close to 2 marking points, but in the end scored
zero.

Not mp1 because it did not specify kinetic energy.

Not mp2 because it refers to yeast and substrates, not enzymes and
substrates, and because it says lower collisions without referring to
time or rate.

181 GCE Biology B 9BIO 03



(b) The experiment with sucrose was repeated at a temperature 10°C lower.
All other variables remained the same.

Explain the effect of this temperature change on the rate of respiration of yeast.
(3)
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This answer is a rare example of one which achieved mp4, scoring full
marks.

It gained mp1, mp2 (for less frequent successful collisions between
enzyme and substrate) and mp4 (for the overall volume of carbon
dioxide produced is the same).
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Question 10 (c)(i)

Question 10(c)(i) was about the effect of enzyme concentration on an enzyme-controlled
reaction. Candidates were given a graph showing the volume of carbon dioxide produced
over time when 7g of yeast was used and the substrate was 20g sucrose.

They were asked to sketch a line onto the graph to show the expected results if the
experiment was repeated with 3.5g yeast.

Around 20% of candidates correctly worked out that the final volume of carbon dioxide
produced would be the same (but that it would be produced more slowly), and gained the
mark.
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{(c) The effect of changing the concentration of yeast on the rate of respiration was
also investigated.

Two yeast suspensions were made by adding different masses of yeast to 100cm?
of water containing 20 g of sucrose.

The graph shows the results for a suspension containing 7.0g of yeast.
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1.0 f_ |

0.0

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time / minutes
(i} Sketch a line on this graph to show the expected results for a suspension

containing 3.5 g of yeast. o
(1)

ResultsPlus

Examiner Comments

This is the correct answer showing the carbon dioxide being produced
more slowly, but reaching the same final volume.

N S
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(¢) The effect of changing the concentration of yeast on the rate of respiration was
also investigated.

Two yeast suspensions were made by adding different masses of yeast to 100 cm?
of water containing 20g of sucrose.

The graph shows the results for a suspension containing 7.0g of yeast.
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(i) Sketch a line on this graph to show the expected results for a suspension

containing 3.5g of yeast.
(1)

ResultsPlus

Examiner Comments

Around 80% of candidates drew a graph like this, with the final volume
of carbon dioxide at half the volume produced by 7g of yeast.

" S
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Question 10 (c)(ii)

Question 10(c)(ii) asked candidates to explain the effect of changing the concentration of
yeast on the volume of carbon dioxide produced. There were six marking points for three
available marks, reflecting the number of ways the explanation could be developed, and the
answer could be given in the context of comparing 7g to 3.5g (ie there would be a faster
initial reaction) or comparing 3.5g to 7g (ie there would be a slower initial reaction).

Generally, candidates found this very difficult and only a minority scored highly. Many were
able to get mp1 for the idea that with more yeast cells present more carbon dioxide would be
produced (at the start), and some could explain this in terms of the enzymes present in yeast
which were hydrolysing sucrose or carrying out respiration, which gained mp2.

However, most did not realise that with the same mass of sucrose present, the volume of
carbon dioxide produced would eventually be the same for both concentrations of yeast -
these were mp3 and 4. Although some candidates realised that the volume of carbon dioxide
would plateau sooner for 7g of yeast, they did not link this to the substrate being used up
more quickly, so were unable to get mp5.

Only a minority realised that with half the concentration of yeast, there would be half the rate
of reaction or that it would take twice as long for the volume of carbon dioxide to plateau -
this was mpé.

We ignored reference to limiting factors if they were unqualified.

This was a complex concept and those who did work their way through it and explain
correctly are to be commended. The most common single error was to write that the final
volume of carbon dioxide for 3.5g of yeast would be half the volume produced by 7g of yeast.

The most frustrating errors were those made by candidates who understood the complex
biology being tested here, but lost mp3 and 4 because they wrote about amount of sucrose
(rather than mass or concentration) and amount of carbon dioxide, rather than volume.
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(i) Explain the effect of the concentration of yeast on the volume of
carbon dioxide produced in this investigation.
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iz ResultsPlus
Examiner Comments

This answer was typical of the many answers which scored mp1 only.

(i) Explain the effect of the concentration of yeast on the volume of
carbon dioxide produced in this investigation.
(3)
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< / ResultsPlus
/'--.'; Examiner Comments

This answer also scored 1 mark, mp1.

They came close to mp2 and stated that with a lower concentration of
yeast there was a smaller concentration of enzymes. However, they
added and substrate, therefore fewer E-S complexes formed.

This was wrong. The mass of substrate (sucrose) had not changed, and
therefore mp2 could not be awarded.
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(i) Explain the effect of the concentration of yeast on the volume of
carbon dioxide produced in this investigation.
(3)
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% ResultsPlus
Examiner Comments

This answer scored 2 of the available 3 marks for:

mp1 for the idea that the increased yeast concentration had a higher
initial rate.

mp3 for the idea that the volume of carbon dioxide produced would
end up to be the same.

They came close to mp4 and 5, but did not actually say that the mass
of sucrose was the same or that it would be used up more quickly. The
phrase "at a certain point..." was too vague and did not help their
explanation.
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(ii) Explain the effect of the concentration of yeast on the volume of
carbon dioxide produced in this investigation.
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i( ResultsPlus
Examiner Comments

This was a very clear explanation, gaining mp1, mp3 (would not affect
the overall volume of CO, produced) and mp4 (no more than 8.1 cm? of
CO5 can be produced with 20g of sucrose).
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Paper Summary

Based on their performance in this paper, candidates should:

Make sure that you are familiar with all of the core practicals, and understand the reasons
for carrying out the different steps of the method.

Get into the habit of considering the effects of errors made during practical work, and
understanding how these change the results obtained.

Become familiar with which stats tests should be chosen to analyse different types of data,
and be able to explain the reason for your choice.

Make sure that you can write a null hypothesis, and that you can analyse the results of a
stats test, as well as carrying out the calculation of the test statistic.

Practise analysing data presented in graph form, and be able to draw conclusions from
graphs.

Take account of command words and make sure your answer reflects the information
required; some candidates had problems with separating describe and explain.

Be able to carry out the mathematical procedures outlined in the specification including
reducing a ratio to its simplest form, calculating initial rate and carrying out a dilution from
a stock solution.
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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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