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Delivery guides are designed to represent a body of knowledge about teaching a particular 
topic and contain:
• Content: A clear outline of the content covered by the delivery guide;

• Thinking Conceptually: Expert guidance on the key concepts involved, common difficulties 
students may have, approaches to teaching that can help students understand these 
concepts and how this topic links conceptually to other areas of the subject;

• Thinking Contextually: A range of suggested teaching activities using a variety of themes so 
that different activities can be selected which best suit particular classes, learning styles or 
teaching approaches.

If you have any feedback on this Delivery Guide or suggestions for other resources you 
would like OCR to develop, please email resources.feedback@ocr.org.uk.

AS AND A LEVEL
BIOLOGY B (ADVANCING BIOLOGY) 
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Thinking conceptually Page 5

Activities Page 6

Thinking contextually Page 7

Activities Page 9
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Would you prefer a Word version?
Did you know that you can save this pdf as a Word file using Acrobat Professional? 

Simply click on File > Export to and select Microsoft Word
(If you have opened this PDF in your browser you will need to save it first. Simply right click anywhere 
on the page and select Save as . . . to save the PDF. Then open the PDF in Acrobat Professional.)

If you do not have access to Acrobat Professional there are a number of free applications available that will also 
convert PDF to Word (search for pdf to word converter).

mailto:resources.feedback%40ocr.org.uk?subject=
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2.2.1 The heart and monitoring heart function 
The content from the specification that is covered by this delivery guide is:

(a) the need for a mass transport system 
in mammals

To include references to a high basal metabolic rate, being multicellular and 
the significance of surface area to volume ratio. 

M0.3, M4.1 

(b) (i) the internal and external structure of 
the mammalian heart

PAG2
HSW3, HSW4, HSW5, HSW6, HSW8

(ii) the examination, dissection and 
drawing of the mammalian heart

(c) the cardiac cycle M0.3

(d) Semi-conservative DNA replication To include the role of the valves and the pressure changes occurring in the 
heart and associated vessels.

(e) practical investigation(s) into the 
factors affecting heart rate 

To include the effect of exercise.

M0.1, M0.4, M1.2, M1.3, M1.11, M2.3,
M2.4, M3.1, M3.2
PAG10, PAG11
HSW3, HSW4, HSW5, HSW6

(f) the effect of heart rate on cardiac 
output

To include calculations based on heart rate and stroke volume.

M0.1, M0.4, M1.2, M1.3, M1.11, M2.3,
M2.4, M3.1, M3.2
PAG10
HSW3, HSW4, HSW5, HSW6.

(g) the measurement and interpretation 
of pulse rate, to include the 
generation of primary data and the 
use of secondary data

To include the role of RNA polymerase, messenger (m)RNA, transfer (t)RNA 
and ribosomal (r)RNA (details of post transcriptional modification are not 
required).
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2.2.1 The heart and monitoring heart function 
The content from the specification that is covered by this delivery guide is:

(h) the use and interpretation of an 
electrocardiogram (ECG)

To include tachycardia, bradycardia, S-T elevation  
and fibrillation.

M3.1
HSW3, HSW5

(i) the emergency treatment given to a 
person suffering a suspected heart 
attack or cardiac arrest

To include the first aid treatment for a heart attack and cardiac arrest
AND
the use of a defibrillator following cardiac arrest

“The heart’s one role is the transmission of the blood and its propulsion, by means of arteries, to the extremities everywhere”.  
(William Harvey 1628)1 

Described by Aristotle in the fourth century B.C. as the ‘centre of vitality’, the heart and its function have been of great interest 
to scientists and philosophers throughout history.1

Firstly, students will consider the need for a mass transport system in multi-cellular organisms, with reference to the 
significance of the surface area to volume ratio and basal metabolic rate. The topic then offers the opportunity for students 
to undertake examination and dissection of a mammalian heart to develop their understanding of both the internal and 
external structure. 

Using the knowledge gained of heart structure, students will then be encouraged to link this with the study of the cardiac 
cycle and initiation of heart beat.

• Include the role of the valves……(and) the roles of the SAN, AVN, purkyne tissue and myogenic nature of cardiac muscle

Diagrams to show pressure changes that occur in the heart and associated vessels will also be discussed at this stage.

Students will be then be expected to undertake practical investigations into the factors that affect heart rate, e.g. exercise, 
and gain experience in handling primary and secondary data.

• measurement and interpretation of pulse rate, to include the generation of primary data and use of secondary data

These investigations together with a study into the effect of heart rate on cardiac output also offer opportunities for 
incorporating further mathematical concepts into the work programme.

Real life context is introduced at this stage with the study of electrocardiograms, stimulating interest and enabling students to 
further their skills of analysis and interpretation in a medical-based setting.

The medical theme continues with the study of emergency procedures for treating heart attacks and cardiac arrest, and it is 
worthwhile investigating the use of defibrillators which have been introduced into the workplace, including schools.

1 Stanford Education- history of the heart 
https://web.stanford.edu/class/history13/earlysciencelab/body/heartpages/heart.html
A good article for stimulating students’ interest in the historical background of how the structure and function of the heart 
was discovered.

https://web.stanford.edu/class/history13/earlysciencelab/body/heartpages/heart.html


5

Delivery Guide
Th

in
ki

ng
 c

on
ce

pt
ua

lly

© OCR 2020

AS and A Level Biology B (Advancing Biology)

Students encounter heart structure early in their science education and whilst their 
knowledge of internal structure is often sound (dissection can really help to stimulate 
student interest in anatomy), the mechanism of heart action and the cardiac cycle are often 
poorly understood concepts. 

Use of computerised animation to support lesson delivery of these concepts is encouraged, 
but caution must be taken to ensure that students do not pick up the idea that contraction 
of each chamber of the heart is sequential during the cardiac cycle. Some well-presented 
animations 1, 2, 3, 4, 5 demonstrate the link between electrical activity within the heart 
and contraction of the heart muscle. This is an extremely useful approach to take when 
delivering these concepts as students frequently confuse the two aspects of heart action 
when attempting to feedback what they have learned. 

A firm grasp of the concept of pressure changes within the heart is vital for students to fully 
understand the cardiac cycle and practice with different representations of pressure charts 
will enable students to gain confidence in their ability to interpret information.

The concepts covering heart function are well worth pursuing in depth and will support 
students when they attempt to apply knowledge gained to the interpretation of 
electrocardiograms (ECGs) and also support the delivery of lessons from units later in the 
course regarding hormonal and nervous control of heart rate (5.3.1 for A Level students 
only). 

Providing students with examples of electrocardiograms (6) showing real-life scenarios is a 
good way to maintain interest and consolidate understanding. 

The practical investigations into the factors affecting heart rate require learner participation 
and can provide discussion topics around risk, the use of different data sets (primary and 
secondary), evaluation of method and ethics, thereby providing opportunities to dispel 
misconceptions during discussion forums. 

A discussion into the use of defibrillators in the work place can also spark interest in ethical 
debate which should be encouraged at this early stage in the course (7).
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The cardiac cycle, Sinauer Associates, Inc
http://bcs.whfreeman.com/WebPub/Biology/hillis1e/Animated%20Tutorials/at3801/
at_3801_cardiac_cycle.html
This 3 minute video discusses how the pressure in the different structures of the heart 
changes throughout the cardiac cycle.  

Blood flow through the heart, Sumanas Inc
http://sumanasinc.com/webcontent/animations/content/humanheart.html
This 4 minute video includes an animation showing how blood flows throughout the 
heart. 

HyperHeart, University of Utah
https://library.med.utah.edu/kw/pharm/hyper_heart1.html
This animation shows heart contraction alongside an ECG trace and allows the process to 
be played at various speeds. 

These resources link to a variety of animations and information sources on the cardiac cycle. 

http://bcs.whfreeman.com/WebPub/Biology/hillis1e/Animated%20Tutorials/at3801/at_3801_cardiac_cycle.html
http://bcs.whfreeman.com/WebPub/Biology/hillis1e/Animated%20Tutorials/at3801/at_3801_cardiac_cycle.html
http://sumanasinc.com/webcontent/animations/content/humanheart.html
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A wide range of visual and contextual activities are available to support the delivery of this 
topic. One of the activities (Learner Activity 1) links 2.2.1(a) with 2.2.4(a) by considering mass 
transport systems in both mammals and plants, also providing opportunity for embedding 
the mathematical concept of surface area to volume ratio  (M0.3, M4.1).

Using dissection techniques (relates to PAG2) to look at both the internal and external 
structure of the mammalian heart (Learner Activity 2) is always well received by students 
and, when used in association with visual images of the heart, allows for consolidation and 
enhancement of existing knowledge. 

Computerised animations to study heart action enable students to understand the 
differences between ‘electrical’ and ‘mechanical’ activity of the heart (see ‘Thinking 
Conceptually’ 1, 2, 3, 4, 5) and questions pertaining to this concept will also aid 
understanding (Learner Activity 3). 

The opportunity for practical investigation arises with the study of heart rate and its effect on 
cardiac output (relates to PAG10 and PAG11). Investigating different factors can be carried 
out using Daphnia, but students are encouraged to get actively involved when studying 
the effects of exercise. Those unable to participate physically can be assigned to the tasks 
of measuring and recording (Learner Activity 4). Calculations associated with these practical 
activities will support mathematical concepts including estimation, use of appropriate units, 
arithmetic means and construction of tables (M0.1, M0.4, M1.2, M1.3, M1.11, M2.3, M2.4, 
M3.1, M3.2). Learner Activity 5 links results obtained during these practical investigations 
with secondary data and Learner Activity 6 uses examples of ECGs to enable students to 
develop skills of analysis and interpretation.

As in previous units (e.g. 2.1.3), knowledge of First Aid procedures are included and up to 
date information for the treatment of heart attacks and use of defibrillators can be found on 
appropriate websites.2
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Learner Activity 1 
Why do we need a mass transport system?

This activity enables students to look at different representations of cells and effect of 
increasing size on surface area and volume. Learner Resource 1 guides students through 
calculations of surface area, volume and SA : Vol for cuboids and spheres; encourages 
evaluation of the use of cubes and spheres to represent cells and finally asks them to 
explain why transport systems are needed. 

Learner Activity 2 
Observing Heart Structure (relates to PAG2)

The activity can be completed as a demonstration or student activity dependent on 
resources available. 

Students should be guided through the dissection to avoid simply ‘cutting up the heart’ 
and can be matched with images of the heart to aid understanding. 

Mammalian hearts can be obtained for heart dissection from butchers or supermarkets. 
If asked in advance, local butchers may be willing to provide hearts with main vessels still 
attached (as these have often been removed prior to sale to the general public).

Safety procedures must be considered for all students if class dissection is undertaken, 
including risk to those students who may have a reaction to the sight of blood. Also follow 
guidelines for disposal of waste and cleaning of equipment.

Heart dissection video, Cambridge International https://learning.cambridgeinternational.
org/classroom/course/view.php?id=3652

This resource includes a video showing a heart diagram alongside images from a heart 
dissection.

Learner Activity 3 
How the heart works

In this activity, students should focus on two main areas of heart action:

1) The cardiac cycle including the role of valves

2) Electrical activity of the heart including initiation and coordination

Students use computer animations to study heart activity and then produce a flow chart of 
the cardiac cycle followed by a table that distinguishes between electrical and mechanical 
activity. This aids understanding of what is actually occurring at each stage.

Learner Activity 4  
Practical investigations into factors affecting heart rate (relates to PAG10 and PAG11)

There are a number of ways for students to look into the factors that effect heart rate and 
teachers can opt to use organisms such as Daphnia for studying effects of e.g. temperature 
or caffeine. For Daphnia investigations, students can develop the practical ideas found on 
e.g. the Nuffield Foundation website (1).

Devising practical ways to investigate the effect of heart rate should extend beyond that 
of GCSE level. They can be introduced to different methods of measurement e,g. use 
of pulse meters or manual monitoring. Students should be encouraged to look at the 
type of exercise used, when tests should be performed, how they will present their data, 
calculations to carry out and to consider safe working practice e.g. medical conditions.

One of the discussions prior to any of these activities should include some aspect of ethical 
consideration for both human and non-human participants!

On completion of the investigations, an in-depth look at the effect of heart rate on cardiac 
output will further enhance the concept being delivered.

Learner Activity 5  
Interpreting data (relates to PAG11 and PAG12)

Secondary data about heart rate and exercise can offer students the opportunity to 
consider how scientists reach valid conclusions and support claims. In this activity, students 
recognise the facts that:

• data collected by oneself is called primary data;

• data from another source or collected by others is called secondary data;

• conclusions from secondary data can be summarised;

• claims can be chosen e.g. resting heart rate in humans decreases with age

• primary data can be used as additional evidence to support or reject the claim.

• secondary data can be used to evaluate claims

3) Students work in the same groups as for the practical investigations into effect of 
exercise on heart rate.

4) Students collect secondary data from other groups and also use Learner Resource 5 
(other secondary data can be found on websites dependent on claim).

5) Choose a claim (dependent on secondary data used) 

6) Evaluate the claim using primary and secondary data.

https://learning.cambridgeinternational.org/classroom/course/view.php?id=3652
https://learning.cambridgeinternational.org/classroom/course/view.php?id=3652
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Learner Activity 6 
Interpreting ECGs

For this activity students will have the opportunity to study ECGs and interpret the 
information they provide. The use of mathematics is also embedded within the 
calculations considered in Learner Resource 6.

1 Nuffield Foundation – Investigating factors that affect heart rate
http://www.nuffieldfoundation.org/practical-biology/investigating-factors-affecting-heart-
rate-daphnia
This website includes guidelines for practicals investigating how heart rate changes, 
including both in humans in Daphnia.

2 St John’s Ambulance – Use of defibrillators
https://www.stjohnsupplies.co.uk/downloads/FAQs_defibrillators.pdf
Fact sheet for use of defibrillators also known as AEDs (automated external defibrillators)

http://www.nuffieldfoundation.org/practical-biology/investigating-factors-affecting-heart-rate-daphnia
http://www.nuffieldfoundation.org/practical-biology/investigating-factors-affecting-heart-rate-daphnia
https://www.stjohnsupplies.co.uk/downloads/FAQs_defibrillators.pdf
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Learner resource 1 Why do we need a mass 
transport system?
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1

Task 1

Complete the table below for the cubes above. (They are not drawn to scale but each is a perfect cube with all its 
sides of equal length).

Length of side (cm) Surface area of 
one face (cm2)

Total surface area 
(cm2) Volume (cm3) SA:V

1

2

3

Describe the effect of increasing the side length on surface area, volume and SA:V.

Task 2
Multicellular organisms grow by cell division.

The circles above represent the increase in diameter size for a multicellular organism during the first few cell 
divisions. (They are not drawn to scale)

Complete the table below to show the result of these divisions on surface area, volume and surface area to 
volume ratio.

Use the surface area and volume calculations for a sphere:

Surface area of sphere = 4 π r2

Volume of sphere = 4/3 π r3

Answer:

2cm 4cm 8cm 16cm
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1 Learner resource 1 Why do we need a mass 

transport system?

Diameter of 
‘organism’ (cm) Surface area (cm2) Volume (cm3) SA:V

2

4

8

16

Describe and explain the results of your calculations. 

Evaluate the use of a sphere to represent a cell or simple organism.

Task 3
Mammals and plants both need transport systems. Explain why.

Answer:

Answer:

Answer:
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Learner resource 3 How the heart works
Le
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e 
3

Heart Structure and Function

Using your dissection and any other available resources answer the questions below.  
Each question should be developed into a piece of work with a heading.

Q1. Draw and label a diagram showing the internal structure of the heart.

Q2. Describe the role of the four chambers of the heart.

Q3. Name the four main blood vessels attached to the heart and explain the route the blood takes through them 
(think double circulation)

Q4. Explain the difference in thickness of walls of the left and right sides of the heart and also the difference in 
thickness of the atrium and ventricular walls.

Q5. Explain where the two types of valves are found in the heart; name them and explain the purpose of the 
valves and how they work (use diagrams to help make your explanation clear).

Q6. Make a labelled drawing to show the external features of the heart. Explain the function of the  
coronary arteries.

Cardiac Cycle
You will need a diagram of the cardiac cycle.

Q7. Explain what a cardiac cycle is. Describe the three stages of the cycle, in terms of pressure changes, volume 
changes and where the blood travels to in each stage.

Q8. Explain what causes pressure changes in the heart. Which part of the heart has to withstand the greatest 
pressure and why?
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4 Learner resource 4 Changing Heart Rates

Changing Heart Rates – Information Sheet

2.2.1 The heart and monitoring function

• explain how changes in stroke volume and heart rate affect cardiac output;

• describe how the ‘pulse’ rate can be measured and interpreted.

Cardiac output = stoke volume x heart rate

• When anybody exercises, their cardiac output will increase because the  extra demand for oxygen and 
glucose due to increased respiration, results in an increased heart rate (ref equation).

• Exercise increases venous blood return to the heart, this causes increase in heart rate.

• Volume of blood in the heart also increases resulting in extra stretching of the left ventricular wall..

• This results in a stronger contraction and hence stroke volume increases.

The effect of training on cardiac output

• The effect of training is to increase the cardiac output of the trained person without without increasing heart rate.

• If heart rate is the same and the cardiac output is higher, the storke volume must therefore have increased as 
explained earlier;

• Increased ventricular walll stretching and stronger contractions causes the muscle in the left ventricle wall to 
increased in thickness.

• So at rest, stoke volume is higher in a tained athlete than untrained hence it takes less beats per minute per 

munute to deliver the same cardiac output.

Cardiac output = stoke volume x heart rate

Volume of blood pumped out 
of left ventricle In one minute 
(4-8 dm-3 min-1)

Beats per minute (bpm)

The volume of blood pumped 
out of the left ventricle in one 
cardiac cycle (60-80 cm3)
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4 Learner resource 4 Changing Heart Rates

Tasks
1. Why is measuring pulse rate a measure of heart rate? 

2. Outline the standard procedure for measuring pulse rate.

3. Give some examples of resting pulse rates for different people.

Answer:

Answer:

Answer:



16

Delivery Guide

© OCR 2020

AS and A Level Biology B (Advancing Biology)
Le

ar
ne

r R
es

ou
rc

e 
5

Secondary Data for studying effect of exercise on heart rate in children aged 9-11 years.

Student Number
Mean resting  

heart rate (bpm)
Mean exercising  
heart rate (bpm)

Difference

1 79 90 11

2 99 152 53

3 82 156 74

4 87 170 83

5 82 128 46

6 98 172 74

7 80 132 52

8 95 141 46

9 79 144 65

10 80 100 20

11 85 172 87

12 90 176 86

13 100 160 60

14 84 166 82

15 64 167 103

16 72 151 79
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6 Learner resource 6 Electrocardiograms

Heart Structure and Function

1. Label the ECG trace diagram below with P, Q, R, S and T. Annotate the diagram to indicate what is  
happening to the heart at each stage.

2. Look at the following ECG traces. Suggest what is abnormal about the trace and what could be happening to 
the heart to make the ECGs that shape.

 

Answer:

Answer:
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6 Learner resource 6 Electrocardiograms

3. On the bradycardia trace, the time interval is shown. Using this information, calculate the heart rate for this trace 
(include units).

0.2

Answer:

Answer:

Answer:
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6 Learner resource 6 Electrocardiograms

Extension questions:

4. In patients with ischaemic heart disease, the PR interval on the ECG trace can be longer than normal, over 0.2 
seconds, due to a problem with conduction in the heart.  Suggest what may have happened inside the heart to 
cause the extended PR interval.

5. In patients with pulmonary hypertension, blood pressure in the lungs is much higher than normal.  Their ECG 
trace has a large P wave.  Suggest which part of the heart will be enlarged in a person with this condition and give 
a reason for your answer.

Answer:

Answer:
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