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Sticky Note
Usually the question number

Sticky Note
The number of candidates attempting that question


Sticky Note
The mean score is calculated by adding up the individual candidate scores and dividing by the total number of candidates. If all candidates perform well on a particular item, the mean score will be close to the maximum mark. Conversely, if candidates as a whole perform poorly on the item there will be a large difference between the mean score and the maximum mark. A simple comparison of the mean marks will identify those items that contribute significantly to the overall performance of the candidates.
However, because the maximum mark may not be the same for each item, a comparison of the means provides only a partial indication of candidate performance. Equal means does not necessarily imply equal performance. For questions with different maximum marks, the facility factor should be used to compare performance.


Sticky Note
The standard deviation measures the spread of the data about the mean score. The larger the standard deviation is, the more dispersed (or less consistent) the candidate performances are for that item. An increase in the standard deviation points to increased diversity amongst candidates, or to a more discriminating paper, as the marks are more dispersed about the centre. By contrast a decrease in the standard deviation would suggest more homogeneity amongst the candidates, or a less discriminating paper, as candidate marks are more clustered about the centre.


Sticky Note
This is the maximum mark for a particular question


Sticky Note
The facility factor for an item expresses the mean mark as a percentage of the maximum mark (Max. Mark) and is a measure of the accessibility of the item. If the mean mark obtained by candidates is close to the maximum mark, the facility factor will be close to 100 per cent and the item would be considered to be very accessible. If on the other hand the mean mark is low when compared with the maximum score, the facility factor will be small and the item considered less accessible to candidates.


Sticky Note
For each item the table shows the number (N) and percentage of candidates who attempted the question. When comparing items on this measure it is important to consider the order in which the items appear on the paper. If the total time available for a paper is limited, there is the possibility of some candidates running out of time. This may result in those items towards the end of the paper having a deflated figure on this measure. If the time allocated to the paper is not considered to be a significant factor, a low percentage may indicate issues of accessibility. Where candidates have a choice of question the statistics evidence candidate preferences, but will also be influenced by the teaching policy within centres.
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4. (a) State whatis meant by a double circulatory system. [2]
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/Semi-lunar
valve

valve A
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(¢) Explain how the semi-lunar valve, shown in the photograph, helps to ensure a one-way
flow of blood through the heart. [3]
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(d) The walls of the left ventricle are thicker than the walls of the right ventricle. Explain the
significance of this difference. s [2]

In 2016, a research group at Imperial College London reported that weekly exercise seemed to
increase the thickness of the walls of the ventricles. This effect could be mistaken for serious
heart disease even though the individuals are healthy.

(e) Suggest an explanation for the effect of exercise on the thickness of the walls of the
ventricles.

Continued on next page

Examiner

only

1"

3400UADY

VAN

© WJEC CBAC Ltd {3400UAD-1) Turn over.





12

(f) Cardiac output is a measurement of the volume of blood pumped by a ventricle in one
minute. It can be calculated as follows:

Cardiac output = volume of blood in ventricle x heart rate
The volume of blood in a ventricle of an average adult human is 70 cm®.

The graph below shows the heart rate of an individual before, during and after a session
on an exercise bike.
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(i) Calculate the cardiac output at 5 minutes and 20 minutes. 1]
S5minutes = .. 4492 ... cmiimin @ 79 X 70 » L 4o=

20 minutes = .. 7 2. ....... cmiimin M @« 70
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(i) Calculate the percentage increase in cardiac output between 5 and 20 minutes. [2] o

T 700 -~ LaRo T 25900

2800 7 vo0 x /99 = 362,

percentage increase in cardiac output = 3I& %
13
1 3 O WJEC CBAC Lid (3400UAL-1)

Turn over.





		Blank Page

		Blank Page

		Blank Page




10

4. (a) State whatis meant by a double circulatory sy em} Lo [2]
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(b) Use the picture above and your own knowledge to identify valve A. 1]
121 —
(c) Explain how the semi-lunar valve, shown in the photograph, helps to ensure a one-way
flow of blood through the heart. [3]
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(d) The walls of the left ventricle are thicker than the walls of the right ventricle. Explain the
sugnmcance of this difference. [2]

4 e by

In 2016, a research gt/ oup at Imperial College London reported that weekly exercise seemed to
increase the thickness of the walls of the ventricles. This_effect could be mistaken for serious
heart disease even though the individuals are healthy.

1

(e) Suggest an explanation for the effect of exercise on the thickness of the walls of the
ventricles. [2]
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(f) Cardiac output is a measurement of the volume of blood pumped by a ventricle in one
minute. It can be calculated as follows:

Cardiac output = volume of blood in ventricle x heart rate
The volume of blood in a ventricle of an average adult human is 70cm?®.

The graph below shows the heart rate of an individual before, during and after a session
on an exercise bike.
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(i) Calculate the cardiac output at Saréinutes and 20 minutes. [
Sminutes = .. JIKZKY. ... cm”/min
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(ii) Calculate the percentage increase in cardiac output between 5 and 20 minutes. [2] e
percentage increase in cardiac output= ... égég %
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Examinel
I
4. (a) State whatis meant by a double circulatory system. [2] =
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The photograph below shows a section through the heart. H 0 O{:
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valve
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(b) Use the picture above and your own knowledge to identify valve A. [1]

(c) Explain how the semi-lunar valve, shown in the photograph, helps to ensure a one-way
flow of blood through the heart. [3]
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(d) The walls of the left ventricle are thicker than the walls of the right ventricle. Explain the
significance of this difference. [2]
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In 2016, a research group at Imperial College London reported that weekly exercise seemed to
increase the thickness of the walls of the ventricles. This effect could be mistaken for serious
heart disease even though the individuals are healthy.

(e) Suggest an explanation for the effect of exercise on the thickness of the walls of the
ventricles. [2]
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Cardiac output is a measurement of the volume of blood pumped by a ventricle in one
minute. It can be calculated as follows:

Cardiac output = volume of blood in ventricle x heart rate

The volume of blood in a ventricle of an average adult human is 70cm®.

The graph below shows the heart rate of an individual before, during and after a session
on an exercise bike.
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It

) Calculate the cardiac output at 5 minutes and 20 minutes. 1

sminutes=__ 4900 cm*/min
20 minutes = 'HOO ... cm>/min ‘-\O ¥ .:' O - Lﬂo@
20 x 110z
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(ii)

Calculate the percentage increase in cardiac output between 5 and 20 minutes. [2]

3300 -4900 =2800 -

2300 100
4900 - 573.197-

percentage increase in cardiac output = .........
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Question

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

(@)

blood passes through the heart twice (1)

during each full circuit/ cycle (1) Linked to 1% mark point
OR

blood must pass through pulmonary (1)

and systemic system (1)

2

(b)

(i)

Bicuspid (valve)/left atrio-ventricular valve/ mitral/

(c)

Any three (x1) from:

Valve opens when heart/ ventricle contracts (1)
Valve closes when heart/ ventricle relaxes (1)
Prevents backflow (of blood) (1)

(from aorta) to (left) ventricle (1)

(d)

left ventricle pumps blood to the body(1)
right ventricle pumps blood to the lungs/ not as far}(1)

(e)

heart is a muscle (1)

(exercise) increases heart size/ heart gets stronger with
(exercise)/ (exercise) builds up heart size (1)

Heart becomes more muscular = 2 marks

(f)

(i)

CO 5 minutes = 70 x 70 = 4900 +
CO 20 minutes =110 x 70 = 7700 (1)
(1 mark for calculating both cardiac outputs)

(ii)

57/57.1/57.142857 = 2 marks

If incorrect award 1 mark for
2800/4900 x 100

Incorrect rounding of above answer
ECF from (i)

Question 4 total
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Examiner

I
4. (a) State whatis meant by a double circulatory system. [2] o
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valve
4a: 0
4b: 0
valve A
4c: 1
m &
(¢) Explain how the semi-lunar valve, shown in the photograph, helps to ensure a one-way
flow of blood through the heart. [3] @
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Sticky Note

The candidate has learnt that valves prevent backflow of blood. The fact that this question was worth 3 marks should have alerted the candidate to a need for greater detail, e.g. when the left ventricle contracts the valve opens and then closes when the left ventricle relaxes.



Sticky Note

The candidate has recognised that this is an atrio-ventricular valve, but has not been specific enough to qualify it as the left atrio-ventricular valve.



Sticky Note

This question is a direct recall question. The candidate has failed to recall the correct definition.





1

(d) The walls of the left ventricle are thicker than the walls of the right ventricle. Explain the
significance of this difference. s [2]

In 2016, a research group at Imperial College London reported that weekly exercise seemed to
increase the thickness of the walls of the ventricles. This effect could be mistaken for serious
heart disease even though the individuals are healthy.

(e) Suggest an explanation for the effect of exercise on the thickness of the walls of the
ventricles.

Continued on next page
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4d: 2
4e: 0



Sticky Note

The first step in a suggest question is to consider, "what do I know?". If the candidate had considered that the heart is a muscle they would have scored at least one mark here.



Sticky Note

Correct answer = 2 marks
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(f) Cardiac output is a measurement of the volume of blood pumped by a ventricle in one
minute. It can be calculated as follows:

Cardiac output = volume of blood in ventricle x heart rate
The volume of blood in a ventricle of an average adult human is 70 cm®.

The graph below shows the heart rate of an individual before, during and after a session
on an exercise bike.
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(i) Calculate the cardiac output at 5 minutes and 20 minutes. 1]
S5minutes = .. 4492 ... cmiimin @ 79 X 70 » L 4o=

20 minutes = .. 7 2. ....... cmiimin M @« 70
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Sticky Note

Correct reading from graph and application of formula given.
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(i) Calculate the percentage increase in cardiac output between 5 and 20 minutes. [2]

T 700 -~ LaRo T 25900
2800 7 vo0 x /99 = 362,

percentage increase in cardiac output = 3I& %
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Sticky Note

In a percentage change calculation, the denominator is always the 'original' number before the change.
0 marks awarded
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4.

10

Semi-lunar
valve

valve A

(b) Use the picture above and your own knowledge to identify valve A. [1]

(c) Explain how the semi-lunar valve, shown in the photograph, helps to ensure a one-way
flow of blood through the heart. [3]
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Sticky Note

The candidate should have followed the command of the question and restricted their answer to the role of the semi-lunar valve. They are credited for recalling the role of valves in preventing backflow.
1 mark awarded



Sticky Note

Correct use of scientific terms allows candidate to score both marks



Sticky Note

Correct
1 mark awarded
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(d) The walls of the left ventricle are thicker than the walls of the right ventricle. Explain the
sugnmcance of this difference. [2]

4 e by

In 2016, a research gt/ oup at Imperial College London reported that weekly exercise seemed to
increase the thickness of the walls of the ventricles. This_effect could be mistaken for serious
heart disease even though the individuals are healthy.

1

(e) Suggest an explanation for the effect of exercise on the thickness of the walls of the
ventricles. [2]
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Sticky Note

The candidate has recalled that the heart is muscle and has made a reasonable suggestion that increased size is related to exercise.
2 marks awarded



Sticky Note

As the question references the left ventricle the candidate is able to gain one mark for stating that the blood needs to be pumped to the body. To gain full marks they should have made it clear that the right ventricle is responsible for pumping blood to the lungs.
 1 mark awarded
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(f) Cardiac output is a measurement of the volume of blood pumped by a ventricle in one
minute. It can be calculated as follows:

Cardiac output = volume of blood in ventricle x heart rate
The volume of blood in a ventricle of an average adult human is 70cm?®.

The graph below shows the heart rate of an individual before, during and after a session
on an exercise bike.
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(i) Calculate the cardiac output at Saréinutes and 20 minutes. [
Sminutes = .. JIKZKY. ... cm”/min
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Sticky Note

Correct readings from graph and application of the formula given.
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(ii)

Calculate the percentage increase in cardiac output between 5 and 20 minutes. [2]
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Sticky Note

In a percentage change calculation, the denominator is always the 'original' number before the change.
0 marks awarded
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Examinel
I
4. (a) State whatis meant by a double circulatory system. [2] =
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The photograph below shows a section through the heart. H 0 O{:
(335&@\'.
crowit)

Semi-lunar
valve

4a: 2
4b: 1
4c: 3

valve A

(b) Use the picture above and your own knowledge to identify valve A. [1] @

(c) Explain how the semi-lunar valve, shown in the photograph, helps to ensure a one-way
flow of blood through the heart. [3] @
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Sticky Note

A clear response. The candidate shows a good understanding of the heart's anatomy.



Sticky Note

Good use of the scientific terms, pulmonary and systemic circulation, allows candidates to achieve both marks



Sticky Note

correct
1 mark awarded
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(d) The walls of the left ventricle are thicker than the walls of the right ventricle. Explain the
significance of this difference. [2]

e WOUS . af dhe. gk vendncle.. Qe dhickex.as
e ron6Ls Jetoed. 0. fae ennise. badu excupr
m,_..w\gs, 2048 PROOA ML Op. fUENIL..

B (N SR AT" S SR A 4N ds. Yo Sena
bLoed o e Lungs

In 2016, a research group at Imperial College London reported that weekly exercise seemed to
increase the thickness of the walls of the ventricles. This effect could be mistaken for serious
heart disease even though the individuals are healthy.

(e) Suggest an explanation for the effect of exercise on the thickness of the walls of the
ventricles. [2]
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Sticky Note

The candidate has recalled that the heart is muscle and has made a reasonable suggestion that increased size is related to exercise.
2 marks awarded



Sticky Note

Correct
2 marks awarded
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)

(beats

minute)

Cardiac output is a measurement of the volume of blood pumped by a ventricle in one
minute. It can be calculated as follows:

Cardiac output = volume of blood in ventricle x heart rate

The volume of blood in a ventricle of an average adult human is 70cm®.

The graph below shows the heart rate of an individual before, during and after a session
on an exercise bike.
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It

) Calculate the cardiac output at 5 minutes and 20 minutes. 1

sminutes=__ 4900 cm*/min
20 minutes = 'HOO ... cm>/min ‘-\O ¥ .:' O - Lﬂo@
20 x 110z
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Sticky Note

Correct readings from graph and application of the formula given.
 1 mark awarded
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(ii)

Calculate the percentage increase in cardiac output between 5 and 20 minutes. [2]

3300 -4900 =2800 -
2300 100

4900 - 573.197-

percentage increase in cardiac output = .........

13
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Sticky Note

Correct calculation of percentage change.
2 marks awarded
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Examiner
|
4. (a) State whatis meant by a double circulatory system. [2] o

The photograph below shows a section through the heart.

- /
Right Ventricle o : A
' =T p . _-Semi-lunar
valve
\valve A
Left Ventricle
(b)  Use the picture above and your own knowledge to identify valve A. 1]

(c) Explain how the semi-lunar valve, shown in the photograph, helps to ensure a one-way
flow of blood through the heart. [3]

10
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(d) The walls of the left ventricle are thicker than the walls of the right ventricle. Explain the
significance of this difference. 2]

In 2016, a research group at Imperial College London reported that weekly exercise seemed to
increase the thickness of the walls of the ventricles. This effect could be mistaken for serious
heart disease even though the individuals are healthy.

(e) Suggest an explanation for the effect of exercise on the thickness of the walls of the
ventricles. [2]

Continued on next page
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Examiner
|
(f) Cardiac output is a measurement of the volume of blood pumped by a ventricle in one o

minute. It can be calculated as follows:
Cardiac output = volume of blood in ventricle x heart rate
The volume of blood in a ventricle of an average adult human is 70 cm®.

The graph below shows the heart rate of an individual before, during and after a session
on an exercise bike.

120

100

80 N
Heart B
rate 4 i 4
(beats
per 60
minute)

40

20

0 5 10 15 20 25 30 35 40 45
Time (minutes)

(i) Calculate the cardiac output at 5 minutes and 20 minutes. [1]
Sminutes = .. cm®/min
20 minutes = ..., cm®/min

12
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Examiner
[
(i) Calculate the percentage increase in cardiac output between 5 and 20 minutes. [2] o
percentage increase in cardiac output = ... %
13
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7. A respirometer is a device used to measure the rate of respiration of a living organism by
measuring its rate of exchange of oxygen and/or carbon dioxide. A simple respirometer used in
a school laboratory is shown below. It can be used to estimate the volume of carbon dioxide in

exhaled air.
Non-return valve
- bung
Bromothymol blue indicator solution
with 5¢m® 0.1 M Sodium hydroxide
Fact file

+ Bromothymol blue indicator is green when neutral and blue when alkali.
+ 5.6cm® of carbon dioxide will neutralise the sodium hydroxide in the respirometer.

The following equation can be used to calculate the volume of carbon dioxide produced per
minute.

Volume of carbon dioxide per minute = breathing rate x volume of carbon dioxide in one breath
(em®iminute) (breaths/minute) (cm>/breath)

20
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Use the information from the fact file opposite to answer the following questions.

(a) (i) Alun wanted to investigate the effect of exercise on the volume of carbon dioxide
breathed out. While resting, he takes 5 breaths over a period of 25 seconds to
change the colour of the Bromothymol indicator from blue to green. Use the
equation given in the fact file to calculate the volume of carbon dioxide produced
per minute. [3]

séAMﬂ’W 2= ‘M N2 s/ﬂlmﬂvaso,m‘.(

Ll w10 s
Z«i’f" skt w IR bac o

s w G/l}' S’ 56, 5=)]-/2 (A‘a/‘J
)2 Laakble foninaids m 11203 el @ )34
volume of carbon dioxide per minute = IS4y cm¥/minute

(i) Suggest a possible source of error in the experimental method that could lead to
inaccurate results,

Docrit
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(b) A group of scientists monitored the proportion of carbon dioxide expired in 4 individuals. |

The individuals were tested on an exercise bike. They were allowed to rest for 4 minutes,
and then exercised at an intensity of 20 watts for 4 minutes. After this time the intensity
was increased 1 watt every 6 seconds. Individuals stopped exercising when they suffered
cramp in their leg muscles. A gas analyser was used to get an accurate measurement of
the expired carbon dioxide level per breath.

The results of the investigation are shown below.

/
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Intensity of exercise (W)

(i) Explain the increase in carbon dioxide levels between an intensity of exercise 0W
and 20W for all the individuals. [2]
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Examiner

|

(i) The decrease in carbon dioxide levels for all individuals at a higher intensity of o
exercise was linked to cramp in the muscles. Suggest an explanation for this. [2]
(c) State why sports scientists working with athletes would measure oxygen consumption as
well as cazbon dioxide production. ]

4-““ ............... MW“ ﬂ m/sé»/é«, i
10
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7. A respirometer is a device used to measure the rate of respiration of a living organism by
measuring its rate of exchange of oxygen and/or carbon dioxide. A simple respirometer used in
a school laboratory is shown below. It can be used to estimate the volume of carbon dioxide in

exhaled air.
Non-return valve
bung
Bromothymol blue indicator solution
with 5cm® 0.1M Sodium hydroxide
Fact file

* Bromothymol blue indicator is green when neutral and blue when alkali.
+ 5.6cm’ of carbon dioxide will neutralise the sodium hydroxide in the respirometer.

The following equation can be used to calculate the volume of carbon dioxide produced per
minute.

Volume of carbon dioxide per minute = breathing rate x volume of carbon dioxide in one breath
(cmslminute) (breaths/minute) (cm3!breath)

20
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Use the information from the fact file opposite to answer the following questions.

(a) (i) Alun wanted to investigate the effect of exercise on the volume of carbon dioxide
breathed out. While resting, he takes 5 breaths over a period of 25 seconds to
change the colour of the Bromothymol indicator from blue to green. Use the
equation given in the fact file to calculate the volume of carbon dioxide produced
per minute. [3]

QA0 *L 12 =220.Y —% 3 o 8

volume of carbon dioxide per minute = ........... .. cm*/minute

(i) Suggest a possible source of error in the experimental method that could lead to
inaccurate results. 1]

The Volume COrOem. AIOPIOR

ecch Ot c,ew-lo\\k—'\r‘a, ...............................................................................
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(b) A group of scientists monitored the proportion of carbon dioxide expired in 4 individuals.
The individuals were tested on an exercise bike. They were allowed to rest for 4 minutes,
and then exercised at an intensity of 20 watts for 4 minutes. After this time the intensity
was increased 1 watt every 6 seconds. Individuals stopped exercising when they suffered
cramp in their leg muscles. A gas analyser was used to get an accurate measurement of
the expired carbon dioxide level per breath.

The results of the investigation are shown below.
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Intensity of exercise (W)

(i) Explain the increase in carbon dioxide levels between an intensity of exercise OW
and 20 W for all the individuals. 2]

The
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1Examiner

I
(i) The decrease in carbon dioxide levels for all individuals at a higher intensity of|

exercise was linked to cramp in the muscles. Suggest an explanation for this. [2]

LTThe 08S . Covdan. AOX O Payanced ¥

LN 08k ed of prodsaary Cerloon AL x UL Prehaces
e +ic acic Bo Bven L2c.~6¢§ ccemps- !
(iii) Suggest which individual is the least fit. Give a reason for your answer. [1]

(c) State why sports scientists working with athletes would measure oxygen consumption as
well as carbon dioxide production. [1]
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7. A respirometer is a device used to measure the rate of respiration of a living organism by
measuring its rate of exchange of oxygen and/or carbon dioxide. A simple respirometer u§ed in
a school laboratory is shown below. It can be used to estimate the volume of carbon dioxide in

exhaled air.
Non-return valve
bung
— Bromothymol blue indicator solution
with 5cm?® 0.1M Sodium hydroxide
Fact file

= Bromothymol blue indicator is green when neutral and blue when alkali.
« 5.6cm” of carbon dioxide will neutralise the sodium hydroxide in the respirometer.

The following equation can be used to calculate the volume of carbon dioxide produced per
minute.

Volume of carbon dioxide per minute = breathing rate x volume of carbon dioxide in one breath
(cm*/minute) (breaths/minute) (cm®/breath)

I
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Use the information from the fact file opposite to answer the following questions.

(a) (i) Alun wanted to investigate the effect of exercise on the volume of carbon dioxide
breathed out. While resting, he takes 5 breaths over a period of 25 seconds to
change the colour of the Bromothymol indicator from blue to green. Use the
equation given in the fact file to calculate the volume of carbon dioxide produced
per minute. [3]

produced S-Gem”
o

_,-5-——; SS
&\ A e7S-12 7 beam

H VY 1Z%112 215 Gk

volume of carbon dioxide per minute = . '3 QL‘\ ........... cm®/minute

(i) Suggest a possible source of error in the experimental method that could lead to
inaccurate results. 1]
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(b) A group of scientists monitored the proport:on of carbon dioxide expired in 4 individuals.
The individuals were tested on an exercise bike. They were allowed to rest for 4 minutes,
and then exercised at an intensity of 20 watts for 4 minutes. After this time the intensity
was increased 1 watt every 6 seconds. Individuals stopped exercising when they suffered
cramp in their leg muscles. A gas analyser was used to get an accurate measurement of
the expired carbon dioxide level per breath.

The results of the investigation are shown below.
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Intensity of exercise (W)

(i) Explain the increase in carbon dioxide levels between an intensity of exercise 0W
and 20W for all the individuals. nor Yok 2]
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(i) The decrease in carbon dioxide levels for all individuals at a higher intensity of
exercise was linked to cramp in the muscles. Suggest an explanation for this. [2]

...................................... %amdo\c rcSpnrahm waS occw.nﬁ,
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(i)  Suggest which individual is the least fit. Give a reason for your answer. i cd. to [
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(c) State why sports scientists working with athletes would measure oxygen consumption as
well as carbon dioxide production. [1]
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Marks available

Question Marking details
AO1 AO2 AO3 Total | Maths Prac
(@) 0] 13.44/13.4/13 = 3 marks 3 3 3 3
If incorrect award 1 mark for each of
breathing rate = 5/25 x 60 = 12 (1)
volume of CO, =5.6/5 =1.12 (1)
(i) colour change is {subjective/qualitative}/ref. to difficulty of 1 1 1
noting when colour has changed
(b) (1) more {energy/ATP} is needed (for exercise) (1) 2 5
from aerobic respiration (1)
(i) (more {energy/ATP} is now being released by) anaerobic
respiration (1) 2 2
Lactic acid production (causing cramp) (1)
(i) Individual 4 because they had cramp {at a lower intensity of 1 1
exercise/ soonest}
(© more accurate measurement of aerobic respiration/ref. 1 1
validity of conclusions/increased confidence
Question 7 total 0 7 3 10 3 4
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7. A respirometer is a device used to measure the rate of respiration of a living organism by
measuring its rate of exchange of oxygen and/or carbon dioxide. A simple respirometer used in
a school laboratory is shown below. It can be used to estimate the volume of carbon dioxide in

exhaled air.
Non-return valve
- bung
Bromothymol blue indicator solution
with 5¢m® 0.1 M Sodium hydroxide
Fact file

+ Bromothymol blue indicator is green when neutral and blue when alkali.
+ 5.6cm® of carbon dioxide will neutralise the sodium hydroxide in the respirometer.

The following equation can be used to calculate the volume of carbon dioxide produced per
minute.

Volume of carbon dioxide per minute = breathing rate x volume of carbon dioxide in one breath
(em®iminute) (breaths/minute) (cm>/breath)

20
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(@

Use the information from the fact file opposite to answer the following questions.

(i) Alun wanted to investigate the effect of exercise on the volume of carbon dioxide
breathed out. While resting, he takes 5 breaths over a period of 25 seconds to
change the colour of the Bromothymol indicator from blue to green. Use the
equation given in the fact file to calculate the volume of carbon dioxide produced
per minute. [3]

sé,«,ﬂl i D gaaaiils W2 s/ﬂ/mﬂvzsaza.«-‘

K nto s
Z‘i,),,,”-,w&,/a wetba

S busalhs “/‘* S G’ 565 =) )23 bt
)2 Laacbly fmmruids s 11203 bl @ )34
volume of carbon dioxide per minute =_./=" 4 4 cm?®/minute

(i) Suggest a possible source of error in the experimental method that could lead to
inaccurate results,

Docrit
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Sticky Note

The candidate has not understood how the test works despite having correctly used the formula in the first part of the question.
0 marks awarded



Sticky Note

This is very good answer. The candidate has shown their reasoning very clearly.
3 marks awarded 
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(b) A group of scientists monitored the proportion of carbon dioxide expired in 4 individuals. |

The individuals were tested on an exercise bike. They were allowed to rest for 4 minutes,
and then exercised at an intensity of 20 watts for 4 minutes. After this time the intensity
was increased 1 watt every 6 seconds. Individuals stopped exercising when they suffered
cramp in their leg muscles. A gas analyser was used to get an accurate measurement of
the expired carbon dioxide level per breath.

The results of the investigation are shown below.
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Intensity of exercise (W)

(i) Explain the increase in carbon dioxide levels between an intensity of exercise 0W
and 20W for all the individuals. [2]
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Sticky Note

Had the candidate been more detailed and referred to anaerobic respiration they would have gained at least one mark. It is important that candidates should clearly differentiate between anaerobic and aerobic respiration.
0 marks awarded





23

(ii)

(c) State why sports scientists working with athletes would measure oxygen consumption as
well as caibon dioxide production.

The decrease in carbon dioxide levels for all individuals at a higher intensity of
exercise was linked to cramp in the muscles. Suggest an explanation for this. [2]

(1]
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Sticky Note

Candidates should reason that more evidence increases confidence in conclusions.



Sticky Note

The link between cramp and lactic acid has been made, gaining one mark. For the full explanation the candidate should have explained why lactic acid was being produced. 



Sticky Note
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7. A respirometer is a device used to measure the rate of respiration of a living organism by
measuring its rate of exchange of oxygen and/or carbon dioxide. A simple respirometer used in
a school laboratory is shown below. It can be used to estimate the volume of carbon dioxide in

exhaled air.
Non-return valve
bung
Bromothymol blue indicator solution
with 5cm® 0.1M Sodium hydroxide
Fact file

* Bromothymol blue indicator is green when neutral and blue when alkali.
+ 5.6cm’ of carbon dioxide will neutralise the sodium hydroxide in the respirometer.

The following equation can be used to calculate the volume of carbon dioxide produced per
minute.

Volume of carbon dioxide per minute = breathing rate x volume of carbon dioxide in one breath
(cmslminute) (breaths/minute) (cm3!breath)

20
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Use the information from the fact file opposite to answer the following questions.

Alun wanted to investigate the effect of exercise on the volume of carbon dioxide
breathed out. While resting, he takes 5 breaths over a period of 25 seconds to
change the colour of the Bromothymol indicator from blue to green. Use the
equation given in the fact file to calculate the volume of carbon dioxide produced
per minute. [3]

QA0 *L 12 =220.Y —% 3 o 8

volume of carbon dioxide per minute = ........... .. cm*/minute

Suggest a possible source of error in the experimental method that could lead to
inaccurate results. 1]

The Volume COrOem. AIOPIOR
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Sticky Note

The candidate has managed to calculate the volume of carbon dioxide in each breath. 
However, the number 20 seems to suggest that in order to calculate the number of breaths per minute they have multiplied the number of breaths in 25 seconds by four, which would mean that one minute contains 100 seconds!



Sticky Note

Unfortunately, candidates too often think a ‘source of error’ implies a mistake they have made, rather than how following the method cold cause variation in measurements.
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(b) A group of scientists monitored the proportion of carbon dioxide expired in 4 individuals.
The individuals were tested on an exercise bike. They were allowed to rest for 4 minutes,
and then exercised at an intensity of 20 watts for 4 minutes. After this time the intensity
was increased 1 watt every 6 seconds. Individuals stopped exercising when they suffered
cramp in their leg muscles. A gas analyser was used to get an accurate measurement of
the expired carbon dioxide level per breath.

The results of the investigation are shown below.
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Intensity of exercise (W)
(i) Explain the increase in carbon dioxide levels between an intensity of exercise OW
and 20 W for all the individuals. 2] @

The
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Sticky Note

This answer fails to gain full marks due to a lack of detail. If they had referred to anaerobic respiration this would have been a very good answer.
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1Examiner

I
(i) The decrease in carbon dioxide levels for all individuals at a higher intensity of|

exercise was linked to cramp in the muscles. Suggest an explanation for this. [2] @

LTThe 08S . Covdan. AOX O Payanced ¥

LN 08k ed of prodsaary Cerloon AL x UL Prehaces
e +ic acic Bo Bven L2c.~6¢§ ccemps- !
(iii) Suggest which individual is the least fit. Give a reason for your answer. [1] @

(c) State why sports scientists working with athletes would measure oxygen consumption as
well as carbon dioxide production. [1] @

e WDCehey e LA o cecowiC feBdpi e

7bii: 2
7biii: 1
7c: 0

10

23

© WIEC CBAC Ltd {3400UAD-1) Turn over.



Sticky Note

Candidates should reason that more evidence increases confidence in conclusions.



Sticky Note

Correct
2 marks awarded



Sticky Note

Correct
1 mark awarded





		Blank Page

		Blank Page

		Blank Page




20

7. A respirometer is a device used to measure the rate of respiration of a living organism by
measuring its rate of exchange of oxygen and/or carbon dioxide. A simple respirometer u§ed in
a school laboratory is shown below. It can be used to estimate the volume of carbon dioxide in

exhaled air.
Non-return valve
bung
— Bromothymol blue indicator solution
with 5cm?® 0.1M Sodium hydroxide
Fact file

= Bromothymol blue indicator is green when neutral and blue when alkali.
« 5.6cm” of carbon dioxide will neutralise the sodium hydroxide in the respirometer.

The following equation can be used to calculate the volume of carbon dioxide produced per
minute.

Volume of carbon dioxide per minute = breathing rate x volume of carbon dioxide in one breath
(cm*/minute) (breaths/minute) (cm®/breath)

I
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Examiner

I
Use the information from the fact file opposite to answer the following questions. o

(a) (i) Alun wanted to investigate the effect of exercise on the volume of carbon dioxide
breathed out. While resting, he takes 5 breaths over a period of 25 seconds to
change the colour of the Bromothymol indicator from blue to green. Use the
equation given in the fact file to calculate the volume of carbon dioxide produced

per minute. " (3] @
S - .
producedt cem S <

56 eC 757 joid

VB > (2752 7 pean.

H VY 1Z%112 215 Gk

volume of carbon dioxide per minute = . '3 QL‘\ ........... cm®/minute

(i) Suggest a possible source of error in the experimental method that could lead to @
inaccurate results. 1]

7ai: 3

corvom Aiox \ 1 y 7aii: 0
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Sticky Note

Unfortunately, candidates too often think a ‘source of error’ implies a mistake they have made, rather than how following the method cold cause variation in measurements.



Sticky Note

Correct calculation
3 marks awarded
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(b) A group of scientists monitored the proport:on of carbon dioxide expired in 4 individuals.
The individuals were tested on an exercise bike. They were allowed to rest for 4 minutes,
and then exercised at an intensity of 20 watts for 4 minutes. After this time the intensity
was increased 1 watt every 6 seconds. Individuals stopped exercising when they suffered
cramp in their leg muscles. A gas analyser was used to get an accurate measurement of
the expired carbon dioxide level per breath.

The results of the investigation are shown below.
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Intensity of exercise (W)

(i) Explain the increase in carbon dioxide levels between an intensity of exercise 0W
and 20W for all the individuals. nor Yok 2]
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Sticky Note

The candidate identified aerobic respiration as the source of the carbon dioxide, but did not link aerobic respiration with the release of energy/ATP for exercise.
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(i) The decrease in carbon dioxide levels for all individuals at a higher intensity of
exercise was linked to cramp in the muscles. Suggest an explanation for this. [2]

...................................... %amdo\c rcSpnrahm waS occw.nﬁ,
kb mm oN@CbiC ;Q’s%%hggowas qrgg)u b%

(i)  Suggest which individual is the least fit. Give a reason for your answer. ed 1o ]

....... INAViOMaL A as Show. WERE.. \rc,‘Sfpmrtg;’3 oin

. ONOU OO C ¥ ] N LU
sroge OF CXUIGSR our o; oi $ne indviduals -

State why sports scientists working with athletes would measure oxygen consumption as
well as carbon dioxide production. [1]

(c)

e m&uax\)f Al @rod,ua oL\LreSp\fahdh
o
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7bii: 2
7biii: 0
7c: 0



Sticky Note

Candidates should reason that more evidence increases confidence in conclusions.



Sticky Note

Individual 4 is correctly identified, however it is the muscle cramp that is preventing the individual from continuing with the exercise.



Sticky Note

A good answer, the candidate has linked the muscle cramps to lactic acid produced during anaerobic respiration.
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7. A respirometer is a device used to measure the rate of respiration of a living organism by
measuring its rate of exchange of oxygen and/or carbon dioxide. A simple respirometer used in
a school laboratory is shown below. It can be used to estimate the volume of carbon dioxide in

exhaled air.
Non-return valve
bung
Bromothymol blue indicator solution
with 5cm?® 0.1M Sodium hydroxide
Fact file

» Bromothymol blue indicator is green when neutral and blue when alkali.
- 5.6cm?® of carbon dioxide will neutralise the sodium hydroxide in the respirometer.

The following equation can be used to calculate the volume of carbon dioxide produced per
minute.

Volume of carbon dioxide per minute = breathing rate x volume of carbon dioxide in one breath
(cm3/minute) (breaths/minute) (cm3/breath)

20
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Examiner
[
Use the information from the fact file opposite to answer the following questions. o

(@ (i) Alun wanted to investigate the effect of exercise on the volume of carbon dioxide
breathed out. While resting, he takes 5 breaths over a period of 25 seconds to
change the colour of the Bromothymol indicator from blue to green. Use the

equation given in the fact file to calculate the volume of carbon dioxide produced
per minute. [3]

volume of carbon dioxide per minute = ... cm®/minute

(i) Suggest a possible source of error in the experimental method that could lead to
inaccurate results. [1]

21
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Examiner
[
(b) A group of scientists monitored the proportion of carbon dioxide expired in 4 individuals. o

The individuals were tested on an exercise bike. They were allowed to rest for 4 minutes,
and then exercised at an intensity of 20 watts for 4 minutes. After this time the intensity
was increased 1 watt every 6 seconds. Individuals stopped exercising when they suffered
cramp in their leg muscles. A gas analyser was used to get an accurate measurement of
the expired carbon dioxide level per breath.

The results of the investigation are shown below.

A
501
45 + i |£1f!ividual‘1?
u O EEESS S ]
Carbon dioxide S o—9 T
(a.u.) / individual 2
40 -~ =
// A
/- e e
v / _—— individual 3
& vd od T ~O L
353 o ¥_individual 4
A 7
5%
&
30
25 g
0 20 40 60 80 100 120

Intensity of exercise (W)

(i) Explain the increase in carbon dioxide levels between an intensity of exercise 0W
and 20 W for all the individuals. [2]

22
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Examiner
[

(i) The decrease in carbon dioxide levels for all individuals at a higher intensity of o
exercise was linked to cramp in the muscles. Suggest an explanation for this. [2]
(i)  Suggest which individual is the least fit. Give a reason for your answer. [1]
(c) State why sports scientists working with athletes would measure oxygen consumption as
well as carbon dioxide production. 1]

10
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8. The pictures below show a young bean seedling (Vicia faba) root and an electron micrograph of
root hair cells.

Root with root hairs
(left) and magnified
view of root hairs (right) |g

(a) State how the root hair cell is adapted for its function. [1]

(b) Describe how water moves from the soil into a root hair cell. [4]

A A«/ Aoart  a cedne 4‘7%/, ..... L bsedo....
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Examiner
I
The following is an extract from a UK government report from 2016: o

“During the period from mid-December 2013 through until early February 2014 the UK suffered
a spell of extreme weather, with a series of very large winter storms battering the country. Much
of the UK suffered from extensive flooding during January 2014; this period saw the highest
rainfall on record. The floods impacted on the agricultural sector through damage to or loss of
established crops.”

Soil becomes waterlogged when water builds up and is unable to drain away. This reduces the | .
oxygen levels available to root hair cells.

{c) Explain why reduced oxygen levels for the root hair cells results in poor growth and
yellowing of the leaves. [6 QER]

1

END OF PAPER
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8. The pictures below show a young bean seedling (Vicia faba) root and an electron micrograph of

root hair cells.

Root with root hairs
(left) and magnified
view of root hairs (right) g8

(a) State how the root hair cell is adapted for its function [1]
o Nas o B —
[4]

(b) Describe how water moves from the soil into a root hair cell
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Cxaminer
i
The following is an extract from a UK government report from 2016: o

“During the period from mid-December 2013 through until early February 2014 the UK suffered
a spell of extreme weather, with a series of very large winter storms battering the country. Much
of the UK suffered from extensive flooding during January 2014; this period saw the highest
rainfall on record. The floods impacted on the agricultural sector through damage to or loss of
established crops.”

Soil becomes waterlogged when water builds up and is unable to drain away. This reduces the
oxygen levels available to root hair cells.

(c) Explain why reduced oxygen levels for the root hair cells results in poor growth and
yellowing of the leaves. [6 QER]

Tre cook haik cells need s A e, bsoro. minkrals. .
ond... WW‘DQ@\WN&NM\S@W»OK\JS%\&

mex.g&ﬁ\m;mex\excs\j W mmwaa*mammmwme&s

oF . oukNe  KONSErE | MACA \S Hne MOSRIENK. OF

SN ORCES.. fronn. IO SR oF Lo concnkrakion, i e .

Sohs.. kv Ay OO of ol concentrokion i Yos togk
£ o CONERNKTOXON QSO

e cg:x)\.s % N\kﬁoc?cs eund . Yok ium. oxe Xee o

SbsSEances. than. SR, k.. bR uhsmhcés. N\hoxes. ...............

OSE..... ummm\k o e Qounk o i W\gc&mw ge:Hhe,m,

‘Pokose\.\mr\ iS. he:ec&ed. (:or h«:o&% \e_o,ucé ...... bake. dhe.. lack
of. QUL LSS s ... m»s\xg MR EoNESs.. Oxgg,eu \S

"

END OF PAPER

25

© WJIEC CBAC Lid {3400UAD-1) Turn over.





		Blank Page




24

Examine
only

8. The pictures below show a young bean seedling (Vicia faba) root and an electron micrograph of
root hair cells.

Root with root hairs
(left) and magnified
view of root hairs (right)

(a) State how the root hair cell is adapted for its function. 1]

/Qorae So(fece o€«

8a: 1
8b: 4

(b) Describe how water moves from the soil into a root hair cell. [4]
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The following is an extract from a UK government report from 2016

“During the period from mid-December 2013 through until early February 2014 the UK suffered
a spell of extreme weather, with a series of very large winter storms battering the country. Much
of the UK suffered from extensive flooding during January 2014; this period saw the highest
rainfall on record. The floods impacted on the agricultural sector through damage to or loss of
established crops.”

Soil becomes waterlogged when water builds up and is unable to drain away. This reduces the
oxygen levels available to root hair cells.

(c) Explain why reduced oxygen levels for the root hair cells results in poor growth and
yellowing of the leaves. [6 QER]

Aneryy  This means Yo elenas conmak eloselo
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Marks available

Question Marking details
AO1 AO2 AO3 Total | Maths Prac

(a) large surface area/ large area for absorption 1 1
(b) Higher concentration of water outside the cell /lower 4 4

concentration of solutes outside (1)

Water moves into the cell (down a concentration gradient)(1)

Through a selectively permeable membrane (1)

via osmosis (1)
(© Indicative content: 2 4 6

e lack of oxygen therefore less aerobic respiration
e less energy available
e less ATP produced;

e active transport of mineral salts
e transporting from low to high concentration
e Requires ATP/ energy

e there is mineral/ nutrient deficiency
e poor growth - lack of nitrates
o yellow leaves - lack of potassium

5-6 marks

All mineral deficiencies should be accounted for as well as
linking oxygen lack of oxygen with less ATP from active
transport needed for 6 marks.

Use of energy rather than ATP gains 5 marks

There is a sustained line of reasoning which is coherent,
relevant, substantiated and logically structured. The candidate
uses appropriate scientific terminology and accurate spelling,
punctuation and grammar.

© WJEC CBAC Ltd.
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Question

Marking details

Marks available

AO1

AO2

AQO3

Total

Maths

Prac

3-4 marks

Description of one of two mineral deficiencies, linking aerobic
respiration with lack of oxygen.

There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some structure.
The candidate uses mainly appropriate scientific terminology and
some accurate spelling, punctuation and grammar.

1-2 marks

o there is mineral deficiency

e poor growth - lack of nitrates

OR yellow leaves - lack of potassium

Reference to mineral deficiency and one plant nutrient gains 2
marks.
No mention of specific nutrient gains 1 mark.
There is a basic line of reasoning which is not coherent,
largely irrelevant, supported by limited evidence and with
very little structure. The candidate uses limited scientific
terminology and inaccuracies in spelling, punctuation and
grammar.

0 marks: No attempt made or no response worthy of credit.

Question 8 total

11
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8. The pictures below show a young bean seedling (Vicia faba) root and an electron micrograph of
root hair cells.

Root with root hairs
(left) and magnified
view of root hairs (right) |g

(a) State how the root hair cell is adapted for its function. [1]

(b) Describe how water moves from the soil into a root hair cell. [4]

A A«/ Aoart  a cedne 4‘7%/, ..... L bsedo....
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Sticky Note

At GCSE it is considered that movement of water in and out of any cells is due to osmosis. This candidate has possibly been led astray due to references to oxygen later on in the question.



Sticky Note

Incorrect reference to storing water
0 marks awarded
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Examiner
I
The following is an extract from a UK government report from 2016: o

“During the period from mid-December 2013 through until early February 2014 the UK suffered
a spell of extreme weather, with a series of very large winter storms battering the country. Much
of the UK suffered from extensive flooding during January 2014; this period saw the highest
rainfall on record. The floods impacted on the agricultural sector through damage to or loss of
established crops.”

Soil becomes waterlogged when water builds up and is unable to drain away. This reduces the | .
oxygen levels available to root hair cells.

{c) Explain why reduced oxygen levels for the root hair cells results in poor growth and
yellowing of the leaves. [6 QER] @

8c:

1

END OF PAPER
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Sticky Note

This is a lower band answer. The candidate has identified that there is not enough energy for active transport. If the candidate had linked low oxygen levels less energy available from aerobic respiration, they could have moved the answer into the middle band.
What this candidate has not recognised is the link between poor growth and yellowing of leaves with nutrient deficiencies.
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8. The pictures below show a young bean seedling (Vicia faba) root and an electron micrograph of

root hair cells.

Root with root hairs
(left) and magnified
view of root hairs (right) g8

8a: 1
e e 8b- 4

(b) Describe how water moves from the soil into a root hair cell [4] @
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State how the root hair cell is adapted for its function
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Sticky Note

Correct answer
1 mark awarded



Sticky Note

Excellent answer.
4 marks awarded
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Cxaminer
i
The following is an extract from a UK government report from 2016: o

“During the period from mid-December 2013 through until early February 2014 the UK suffered
a spell of extreme weather, with a series of very large winter storms battering the country. Much
of the UK suffered from extensive flooding during January 2014; this period saw the highest
rainfall on record. The floods impacted on the agricultural sector through damage to or loss of
established crops.”

Soil becomes waterlogged when water builds up and is unable to drain away. This reduces the
oxygen levels available to root hair cells.

(c) Explain why reduced oxygen levels for the root hair cells results in poor growth and
yellowing of the leaves. [6 QER] @

Tre cook haik cells need s A e, bsoro. minkrals. .
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Sticky Note

This answer is coherent and is logically structured. 
To start with the link between lack of oxygen, respiration, energy and active transport is established. The movement of mineral salts by active transport is clearly described. The symptoms of poor growth and yellowing of leaves has been linked to a lack of the correct nutrients being absorbed.
One suggested improvement is that the candidate should have been more specific by referencing aerobic respiration rather than giving a general reference to respiration.



Sticky Note
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8. The pictures below show a young bean seedling (Vicia faba) root and an electron micrograph of ™
root hair cells.
Root with root hairs
(left) and magnified
view of root hairs (right)
(a) State how the root hair cell is adapted for its function. [1]
8a: 1
o Aocse soqfece o-ea ®
...................................................... 8b- 4
(b) Describe how water moves from the soil into a root hair cell. [4] @
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Sticky Note

A clear concise answer.



Sticky Note

Correct answer
1 mark awarded
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The following is an extract from a UK government report from 2016

“During the period from mid-December 2013 through until early February 2014 the UK suffered
a spell of extreme weather, with a series of very large winter storms battering the country. Much
of the UK suffered from extensive flooding during January 2014; this period saw the highest
rainfall on record. The floods impacted on the agricultural sector through damage to or loss of
established crops.”

Soil becomes waterlogged when water builds up and is unable to drain away. This reduces the
oxygen levels available to root hair cells.

(c) Explain why reduced oxygen levels for the root hair cells results in poor growth and
yellowing of the leaves. [6 QER]

Aneryy  This means Yo elenas conmak eloselo
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Sticky Note

This is a good response at the top end of the middle band. 
This answer would be in the top band if:
(i) the candidate would have linked reduced oxygen levels with aerobic respiration;
(ii) Active transport is required to move the mineral salts against their concentration gradient;
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8.

The pictures below show a young bean seedling (Vicia faba) root and an electron micrograph of
root hair cells.

Root with root hairs
(left) and magnified
view of root hairs (right)

(a) State how the root hair cell is adapted for its function. 1]

(b) Describe how water moves from the soil into a root hair cell. [4]
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The following is an extract from a UK government report from 2016:

“During the period from mid-December 2013 through until early February 2014 the UK suffered
a spell of extreme weather, with a series of very large winter storms battering the country. Much
of the UK suffered from extensive flooding during January 2014; this period saw the highest

rainfall on record. The floods impacted on the agricultural sector through damage to or loss of
established crops.”

Soil becomes waterlogged when water builds up and is unable to drain away. This reduces the
oxygen levels available to root hair cells.

(c) Explain why reduced oxygen levels for the root hair cells results in poor growth and
yellowing of the leaves. [6 QER]

END OF PAPER
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