


Pearson Education Limited is one of the UK's largest awarding organisations, offering 
academic and vocational qualifications and testing to schools, colleges, employers 
and other places of learning, both in the UK and internationally. Qualifications offered 
include GCSE, AS and A Level, NVQ and our BTEC suite of vocational qualifications, 
ranging from Entry Level to BTEC Higher National Diplomas. Pearson Education 
Limited administers BTEC qualifications. 

Through initiatives such as onscreen marking and administration, Pearson is leading 
the way in using technology to modernise educational assessment, and to support 
teachers and learners. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

References to third-party material made in this delivery guide are made in good faith. 
We do not endorse, approve or accept responsibility for the content of materials, 
which may be subject to change, or any opinions expressed therein. (Material may 
include textbooks, journals, magazines and other publications and websites.) 

 

 

Publications Code BF033518 

All the material in this publication is copyright 
© Pearson Education Limited 2014 



 

Welcome to your BTEC First delivery guide 

This delivery guide is a companion to your BTEC First specifications. It contains a 
wealth of ideas for practical activities, realistic scenarios and independent learning, 
helping to bring the content of the units to life. The aim of the guide is to show how 
the content of the specification might work in practice and to inspire you to start 
thinking about different ways to deliver your course. The guidance has been put 
together by teachers who understand the challenges of finding new and engaging 
ways to deliver a BTEC programme, which means you can be sure the guidance is 
relevant and achievable. 

Unit-by-unit guidance is given and includes suggestions on how to approach the 
learning aims and unit content as well as providing ideas for interesting and varied 
activities. You will also find a list of carefully selected resources for each unit, 
including suggestions for books, websites and videos that you can direct your 
learners to use, or as a way to complement your delivery. 

Guidance on the new features of the BTEC Firsts is also included, providing an 
explanation of how these work and what you will need to consider as you plan the 
course. You will also find comprehensive coverage of assessment, including useful 
advice about external assessment, as well as extensive guidance on how to plan, 
design and deliver your assignments. Information on the Quality Assurance process 
will help you understand the different roles and responsibilities of individuals within 
your centre, and how you can work closely with Pearson to enable the successful 
running of your programme. 

This delivery guide is intended to be read in conjunction with the qualification 
specifications. 

● The specifications tell you what must be taught and gives guidance on how it 
should be assessed. 

● This delivery guide gives suggestions about how the content could be delivered. 

The suggestions given in this delivery guide link with the suggested assignment 
outlines in the specification but they are not compulsory; they are designed to get 
you started and to spark your imagination. 

Remember that all assignments must go through internal verification before 
being delivered to learners. 

When combining units for a BTEC First qualification, it is the centre’s 
responsibility to ensure that the qualification structure(s) in the 
specification are adhered to. 
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1 Introducing the new BTEC First in Applied 
Science 

BTEC First qualifications were originally designed for use in colleges, schools and the 
workplace as an introductory level 2 course for learners wanting to study in the 
context of a vocational sector. This is still relevant today. The skills learnt in studying 
a BTEC First will aid progression to further study and prepare learners to enter the 
workplace in due course. 

BTECs are vocationally related qualifications, where learners develop knowledge and 
understanding by applying their learning and skills in a work-related context. 
Additionally, they are popular and effective because they engage learners to take 
responsibility for their own learning and to develop skills that are essential for the 
modern-day workplace. 

These skills include: team working; working from a prescribed brief; working to 
deadlines; presenting information effectively; and accurately completing 
administrative tasks and processes. BTEC Firsts motivate learners, and open doors to 
progression into further study and responsibility within the workplace. 

The BTEC Firsts in Applied Science have been designed to cover the key scientific 
principles and to develop the learner’s understanding of key applications of science, 
and builds the skills required both for the scientific workplace and for further study. 
The qualification is appropriate for learners of all abilities who will benefit from a 
practical and applied approach to learning in a vocational context. It has been 
developed to: 

● exemplify scientific principles in vocational contexts, leading to an understanding 
of how those principles are applied in practice, and how they can facilitate a 
move either onto further periods of study or into employment 

● give learners the opportunity to gain a broad understanding and knowledge of 
science principles and practice. 

The BTEC philosophy of learning through doing remains at the heart of this 
qualification. Learners will be given the opportunity to gain a broad understanding 
and knowledge of, and skills in, the applied science sector. 

In addition, the BTEC Firsts in Applied Science has been developed to: 

● encourage personal development, motivation and confidence, through practical 
participation and by giving learners responsibility for their own projects 

● encourage learners to develop people, communication, planning and team-
working skills 

● give opportunities for learners to achieve a nationally recognised level 1 or level 
2 qualification in Applied Science 

● support progression into a more specialised level 3 vocational or academic 
course, or into an apprenticeship 

● give learners the potential opportunity to enter employment within a wide range 
of junior job roles across the applied science sector – typical employment 
opportunities may be as a laboratory technician or in roles involving sample 
analysis in environmental protection or healthcare. 
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Developing the qualification in response to change 
The new suite of BTEC Firsts are now available on the National Qualifications Framework 
(NQF). The NQF fully supports both academic and vocationally-related progression 
pathways and is not purely for competency-based qualifications like the QCF. 

As part of the development of the Next Generation BTEC Firsts in Applied Science we 
have taken into account: 

● policy reports into the applied science sector 

● many consultations with schools, FE, HE and employers. 

Applied Science adopts a different structure from other qualifications in the suite, to 
reflect the unique nature of science learning. To ensure sufficient breadth and depth, 
instead of a single Award, Applied Science has two Awards and an Extended 
Certificate. This Delivery Guide is for the Pearson BTEC Level 1/Level 2 First 
Extended Certificate in Applied Science. There are two additional Delivery Guides, 
one for the Pearson BTEC Level 1/Level 2 First Award in Principles of Applied Science 
and one for the Pearson BTEC Level 1/Level 2 First Award in Application of Science. 

Progression opportunities 
Learners can progress from this qualification to the BTEC Level 3 Nationals in Applied 
Science or complete extended certificates or diplomas within the BTEC Level 1/Level 
2 First suite. 

Learners can also progress to a range of BTEC Level 2 National qualifications in 
related areas such as Beauty Therapy Science, Health and Social Care, Sport and 
Exercise Science, Engineering, Construction, Land-based, Pharmacy Services or 
Dental Technology. Alternatively, they can progress to NVQs such as the Laboratory 
and Associated Technical Activities or Laboratory Science. 

The underpinning knowledge, practical and vocational scientific skills learnt on the 
Application of Science course will enhance and support the progression to a 
competency-based course. 

For learners who wish to progress to GCEs in science it is recommended that they 
also take further units from the larger-sized BTEC First qualifications and are 
provided with support on GCE assessment methods. 
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2 Key features of the BTEC Firsts explained 

We are always working to ensure that our qualifications are relevant, and that they 
support opportunities and progression for young people. We have updated the 
current BTECs to meet the needs of today’s learners, teachers, educators, employers 
and universities, and also to reflect the policy decisions being introduced following 
The Wolf Report (March 2011) on vocational education. Our new BTECs contain a 
number of new features and it is important that you understand these and how they 
relate to your delivery of the course. 

Mandatory units 
The BTEC Level 1/Level 2 First Extended Certificate in Applied of Science contains 
eight mandatory units totalling 240 guided learning hours (GLH). These units have 
been developed in consultation with employers and educators who deliver vocational 
qualifications at levels 2 and 3. They cover the essential knowledge and applied skills 
that are a foundation of the sector and the knowledge and skills that will underpin 
learning and that are considered essential for 14–19 year-old learners. The eight 
mandatory units in the Extended Certificate are: 

● Unit 1: Principles of Science 

● Unit 2: Chemistry and Our Earth 

● Unit 3: Energy and Our Universe 

● Unit 4: Biology and Our Universe 

● Unit 5:Applications of Chemical Substances 

● Unit 6: Applications of Physical Science 

● Unit 7: Health Applications of Life Science 

● Unit 8: Scientific Skills 

Units 1-4 are the mandatory units from the BTEC Level 1/Level 2 First Award in 
Principles of Applied Science and units 5-8 are the mandatory units from the BTEC 
Level 1/Level 2 First Award in Application of Science. 

Units 1 and 8 are externally assessed through an examination. The external 
assessment provides independent confirmation that the standards are being met but, 
as it represents a maximum of 25 per cent of the overall assessment, does not 
distort the general BTEC approach which continues to focus on predominantly 
portfolio-based applied learning. 

Employability skills within BTEC 
Helping learners to progress into employment has always been a cornerstone of BTEC 
qualifications. Equipping learners with the skills they will use in the workplace is at 
the very heart of BTEC and remains an important driver in determining the content of 
each qualification. When developing our qualifications, we work closely with 
employers to understand the skills they are looking for in new entrants to their 
industries. The vast majority of employers not only require learners to have certain 
technical skills, knowledge and understanding to work in a particular sector, but they 
are also looking for what are termed employability skills. These are the skills that 
underpin the different tasks and duties that a person can be expected to undertake in 
their role, and are applicable across sectors. 
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Unlike technical skills, which may become outdated over time, employability skills 
enable learners to adapt to the ever-changing roles needed to survive in the global 
economy. 

The CBI definition of employability skills is based on a positive attitude (readiness to 
take part, openness to new ideas and activities, desire to achieve) that underpins the 
seven following characteristics. 

1. Self-management: readiness to accept responsibility, flexibility, time 
management, readiness to improve own performance. 

2. Teamworking: respecting others, co-operating, negotiating/persuading, 
contributing to discussions. 

3. Business and customer awareness: basic understanding of the key 
drivers for business success and the need to provide customer satisfaction. 

4. Problem solving: analysing facts and circumstances, and applying creative 
thinking [including aesthetic appeal] to develop appropriate solutions. 

5. Communication and literacy: application of literacy, ability to produce 
clear, structured written work, and oral literacy (including listening and 
questioning). 

6. Application of numeracy: manipulation of numbers, and general 
mathematical awareness and its application in practical contexts. 

7. Application of information technology: basic IT skills, including 
familiarity with word processing, spreadsheets, file management and use of 
internet search engines. 

In a recent CBI/Pearson Education and Skills Survey, Learning to Grow: What 
employers need from education and skills 2012, it was noted that employers believe 
schools and colleges should be prioritising the development of employability skills 
(71%). They also want to see more being done to develop literacy (50%), numeracy 
(45%) and technology skills (30%). 

How employability skills are promoted and developed in BTEC 
courses 
All internally assessed BTEC units are based on set assignments that require learners 
to produce evidence of learning applied to a work-related scenario. Within the 
scenario, learners will typically be put into a junior role in the sector, asked to do 
some research or investigation, and then asked to provide evidence in the form of a 
presentation, information leaflet, performance or artefact, depending on the 
assignment. Suggestions for high-quality assignments are provided in the 
specifications and in the authorised assignment briefs. For example, in Unit 10: 
World Energy the following scenario is given as part of the assignment to investigate 
energy demands: 

You are working as an environmental science technician. As part of your 
professional development you have been asked by your mentor to put 
together a report on the factors associated with energy demand due to 
population growth and the methods used to counteract the growth in 
demand. 

The assessment evidence for this unit requires learners to evaluate methods available 
to manage increasing energy demand.  

Problem solving is developed through the research and/or practical part of the 
assignment, where the learners should create their own solution to the problem 
being outlined in the assignment. All assignments require self-management in that 
it is the responsibility of the learners to plan their work (within a framework provided 
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by the teacher) and to ensure they report their progress back to the teacher as 
required, raising any issues/problems and submitting evidence to the set deadline. 

All of the assignments require learners to work with others to investigate 
products/systems and test/review their own products and systems, which builds 
team working skills. It is also possible to complete group assignments, although the 
assessment does not explicitly cover team-working skills. 

BTECs are vocational qualifications. This means that learners are preparing to work in 
a particular sector and so must have good business and customer awareness: an 
understanding of how the sector works, what makes it ‘tick’, and the business and/or 
customer drivers for the sector. 

In the BTEC Firsts in Applied Science, each unit introduces a different aspect of the 
applied science sector. By completing each unit, learners will gain an appreciation of 
what relevant job roles are available, for example hospital medical science 
technicians and their role in diagnosing illnesses. 

Mastery of the essential skills of communication and literacy and application of 
numeracy are at the heart of a young person’s ability to progress, as identified in 
the Wolf Report. These skills are woven throughout BTECs and tackled in two specific 
ways. 

1. Embedded maths and English throughout the units, mapped to GCSE 
and functional skills. Opportunities to practise these essential skills in 
naturally occurring and meaningful contexts are provided throughout the 
units, where appropriate to the sector. In the specifications, annexes B and 
C show where an assessment criterion in a BTEC First unit can provide an 
opportunity to practise a subject content area from the GCSE English or 
GCSE maths subject criteria. 

2. Sector-specific maths and English units, where appropriate. For some 
sectors, there are units specifically devoted to developing mathematical and 
communication skills in context, for example, Maths for Science. 

Personal, learning and thinking skills 
In addition to those qualities outlined by the CBI/Pearson, the qualifications were 
also developed with personal, learning and thinking skills (PLTS) in mind. The 
PLTS closely map to the CBI definition of employability skills in that they develop: 

● independent enquirers 

● creative thinkers 

● reflective learners 

● team workers 

● self-managers 

● effective participants. 

A mapping grid showing coverage of these skills in each unit appears in Annexe A of 
the specifications. 
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Contextualised English and mathematics 
The BTEC Firsts qualifications 2012 have been designed to help learners to develop 
their essential skills in English and mathematics. 

It is recognised that good literacy and numeracy skills are highly valued by 
employers and by wider society and that achievement of English and mathematics at 
GCSE level is key to progression through the education system and into employment. 
The current Government has refocused attention on this need with a number of 
education policy announcements, and development of English and mathematics was 
a key recommendation in The Wolf Report. 

Research has shown that for many learners the most effective way of developing 
their mathematical skills and of improving their functional skills in English is to learn 
them within the context of a specific area of vocational interest. Therefore, in the 
new suite of BTEC Firsts we have provided opportunities for contextualised maths 
and English so that learners can practise these essential skills in a meaningful way 
within naturally occurring contexts. 

GCSEs in mathematics and English are the current benchmark of achievement, so we 
have signposted the BTEC Firsts assessment criteria to content from these GCSE 
qualifications, specifically to the more functional parts of their content. This signposting, 
which is indicated by a * sign for maths and a # sign for English, shows where learners 
should be able to practise and develop their skills. These instances occur naturally within 
the BTEC Firsts, for example when communicating or compiling reports, but can be 
emphasised and drawn out during teaching and learning. More detail on how this can be 
done is given on a unit-by-unit basis in the qualification specifications. 

Where signposting does occur in the unit specification, it indicates that English and 
mathematics knowledge and skills are a constituent part of the assessment 
requirements of the units. This does not mean that the BTEC assessment criteria 
cover the whole of the GCSE or Key Stage 4 requirements but that learners can 
practise specific areas of English and mathematics. You may want to highlight this 
mapping opportunity to learners during delivery. 

Annexes B and C in the specification show the exact relationship between the BTEC 
assessment criteria and the GCSE subject content. The mathematics content listed is 
a consolidation of the full requirements in GCSE Mathematics. Note that GCSE 
English and GCSE Mathematics already cover functional skills. 

The following example demonstrates when learners will be able to develop their 
mathematics skills within the context of a specific vocational area. 

Unit 6: Applications of Physical Science – where learners are calculating speed and 
velocity, they should be able to practise mathematical skills including drawing and 
interpreting graphs, carrying out calculations and substituting numerical values into 
formulae and equations using the appropriate units (Mathematics 1–6, 9–14, 16 21, 
24). 
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Delivery tips: examples of good practice 
There are a number of different ways that centres can effectively manage the 
delivery of units to strengthen the provision of English and mathematics. Here are 
two examples. 

Collaboration between the vocational teacher and mathematics/English teachers 

● In this example, the actual mathematics and English concepts are taught by 
subject teachers, but they use contextualised examples from the vocational 
sector to make the learning meaningful. The learners are in timetabled slots 
where they attend mathematics and English lessons. 

● This approach works well in larger centres where there are many learners taking 
the same vocational route. It works less well when there is a range of vocational 
sectors in the same mathematics/English class, although it can still be effective if 
the respective teachers work closely together to plan the learning programme. 

Mathematics and English are taught in specific lessons by the vocational teacher 

● In this example, the learners have timetabled slots, as part of their vocational 
contact time, in which their vocational teachers focus on presenting and 
practising mathematics and English concepts. This model is particularly 
motivating for learners because they see the direct link between skills and 
application, but it relies on the vocational teachers being comfortable with 
teaching mathematics and English concepts and theories. 

Whichever model is chosen, we recommend that timetables include specific slots to focus 
on the teaching of mathematics and English in the context of the vocational course. 

Supporting learners who are unable to achieve their level 2 
qualification 
The new suite of BTEC Firsts is for learners aiming to achieve a level 2 qualification. Most 
will achieve this, but some will not. These learners may have struggled to provide 
sufficient evidence in their assignments or they may have failed their external assessment. 

The new BTEC First qualifications give you the opportunity to assess your learners at 
level 1 if they are not able to reach level 2 standards, recognising their learning and 
achievements. 

All the assessments you create must be written against the level 2 criteria and be 
reliable and fit for purpose. You should not create a separate level 1 assignment. If a 
learner does not provide sufficient evidence to meet the level 2 criteria, only then 
should you assess their work against the level 1 criteria. The grade given will be 
Unclassified if the learner does not meet the level 1 criteria. 

An example of a learner being assessed against a level 1 criterion 
Below is an example of an assessment grid, taken from Unit 2: Chemistry and Our 
Earth. Each assessment grid includes level 1 assessment criteria. 

Learning aim C: Investigate the factors involved in the rate of chemical 
reactions 

Level 1 criterion Level 2 Pass criterion 

1C.6 Identify the factors that can affect the 
rates of chemical reactions. 

2C.P6 Describe the factors that can affect 
the rates of chemical reactions. 
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In the scenario below, learners are given the following assignment: 

Assignment title: Controlling Industrial Reactions. 

Scenario: As one of the production chemists working at the local chemical plant, you 
have been asked to explain to the chemical plant operatives the factors that affect 
rate, yield and atom economy of reactions. 

Assessment evidence: You must provide evidence from experiments and collated 
data on chemical reactions in order to explain all the factors that make the reaction 
go faster, maximise yield and optimise atom economy. Produce your findings in a 
practical scientific report. 

To achieve a level 2 pass learners must cover the effects of concentration, particle size, 
temperature and presence of a catalyst on the rates of chemical reactions, and show 
that, for example, increasing temperature increases the rate of reaction. In the scenario 
below, the learner has been given the same assignment as everyone else in the group; 
however, they are clearly not working at a level 2 standard. 

As part of a wider investigation, Jo attempts three reactions and investigates using 
books and the internet factors that affect the rate of reactions. In doing so, she 
manages to give a list of the factors that can affect the rate of reaction. However she 
fails to properly describe the effects of these factors. Therefore while attempting to 
achieve 2C.P6 she has gathered sufficient evidence for 1C.6.  

Learners who achieve at level 1 can consider the following progression routes. 

● Use the skills, knowledge and experience they have gained to retake their level 2 
qualification. 

● Choose to study a different subject at level 2. 

● Work towards an Apprenticeship at level 2. 
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3 Assessment Guidance 

Assessment for the new BTEC Firsts 
BTEC assessment has always been about: 

● ensuring that learners are assessed for their skills as well as their knowledge 

● ensuring that learners are given the chance to show what they have learned in 
vocational and applied contexts 

● allowing learners to be assessed when they are ready and when a centre is able 
to fully support them. 

While updating the BTEC Firsts, we have not changed these fundamentals – BTEC 
assessment will remain a positive statement of achievement. 

The introduction of external assessment will reinforce learner engagement, giving 
them clear goals and targets in a way that helps them to understand the challenges 
of working life. 

Experienced BTEC teachers should think about whether or not they need to change 
their delivery pattern to make sure they can provide access to external assessment 
at the best time. At the same time, there are some important developments in 
internal assessment that you should also be aware of as you plan your assessment 
for the year. 

External assessment 
After careful discussion with centres and other stakeholders, we have tailored the 
type of external assessment to meet the needs of the sector. All the external 
assessments will be distinctively vocational, enabling learners to apply their learning 
in vocational or applied contexts. 

For your sector you need to check: 

● which unit(s) are to be externally tested 

● the assessment method 

● the availability of assessment for the first time 

● the availability of retake opportunities (allowing for results) 

● the delivery pattern we are recommending for these units and for other units as 
given in the specifications. 

Remember that you have plenty of time to prepare for external assessments because 
you will be delivering over a one- or two-year period. For some sectors, completion 
of the externally assessed unit at or very near the end of the programme will be the 
recommended pattern. In others, it may be suggested that learners take the 
assessment earlier in the programme, but you should always make sure that learners 
are fully prepared. 

The externally assessed unit will often be one that provides a core of knowledge that 
will be enhanced, developed and applied through other units. Learners’ depth of 
understanding of the content of externally assessed units is likely to be enhanced by 
applying knowledge through other units. Therefore, when you are planning and 
delivering your units, think about how you can bring out examples that would be 
useful illustrations of issues covered in the external unit(s). 

Each specification has details about when assessment is available. To gain access to 
the assessments, learners have to be registered for a programme – the 
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arrangements for this will be the same as for all BTECs. Please refer to the 
Information Manual on the website. 

We will do everything we can to make external assessments relevant, engaging and 
suited to learners’ needs so that they support the overall development of the learner 
rather than being a hurdle or distraction. You should not enter learners for external 
assessment to check how they are doing or to give them practice – we provide 
sample materials for use in preparation. 

The table below shows the type of external assessment and assessment availability 
for this qualification. 

This assessment forms part of the core knowledge of the programme and is likely to 
be delivered towards the start of the programme but may be complemented by study 
in the other core unit(s). A learner’s overall readiness to undertake external 
assessment should be considered before entering for the assessment. 

Unit 1: Principles of Science 

Type of external assessment This unit is assessed externally using a paper-based 
exam marked by Pearson. 

Length of assessment The external assessment will be 60 minutes 
The assessment must be taken by the learner under 
examination conditions. 

Number of marks 54 

Assessment availability November, March and June 

First assessment availability June 2013 

 

Unit 8: Scientific Skills 

Type of external assessment This unit is assessed externally using a paper-based 
exam marked by Pearson. 

Length of assessment The external assessment will be 1 hour and 15 
minutes. 
The assessment must be taken by the learner under 
examination conditions. 

No. of marks 50 

Assessment availability November, March and June 

First assessment availability March 2014 
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Assessment and grading for internally assessed units 
Internal assessment remains the main assessment method for BTEC qualifications 
because we believe that assignments set and marked within the centre provide the 
most relevant vocational learning experience for your learners 

You should guide both the teaching and the learning to then ensure that learners are 
assessed validly and reliably in a way that is relevant for a vocational qualification. 
Your teaching of the knowledge, skills and vocational applications will underpin a 
learner being able to demonstrate achievement through assessed assignments. 
Learners should be given formative feedback on their learning and skills development 
during the teaching and learning phase. You should consider carefully when your 
learners are ready to undertake an assessment. An assessed assignment must have 
a clear structure and timescale, and encourage the learner to work independently to 
show relevant evidence. You should make sure that the assessment is a clear, 
discrete activity. You can then make a qualitative judgement on the evidence using 
the assessment criteria. 

Those who are used to teaching BTEC will find that not much has changed, but we 
are putting more emphasis on some requirements and helping to build good practice. 

● You should make sure that the assessment is a clear, discrete activity. Evidence 
from the guided learning phase is not admissible because evidence for 
assessment must be produced independently. 

● You should use the new presentation of units, where learning aims are placed 
with associated assessment criteria, to provide building blocks for assessment – 
these are clear and simple to use and we recommend that you work through 
them with your learners.  

● Your assessment plan for each unit and for the programme must be clear at the 
outset of the programme and signed off by the Lead Internal Verifier. 

● Your Lead Internal Verifier must authorise your assignments. If you don’t have a 
Lead Internal Verifier who has been through standardisation you should use 
support from us to ensure that your assignments are fully fit for purpose. You 
can use the endorsed assignments or you can access the assignment checking 
service through our website. 

● You need to be explicit about the timescales and the evidence for assignments – 
there is nothing new about this but we will be expecting centres to follow best 
practice and to be very clear with their learners. 

● You need to set out expectations through tasks and evidence – remember that 
the criteria are used to judge evidence and are not tasks in their own right. 

● Summative assessment takes place after the final submission date. A learner 
may be given one opportunity to resubmit a completed assessment after a 
grade has been given where this has been correctly authorised 

● You should ensure that all work has been produced authentically and that you 
have checks in place to ensure that learners are submitting their own work. 

How assignments are used 
Assignments are used to assess learner achievement. You should work with the other 
people in your programme team to design a plan of activity for the year, or the 
programme as a whole, so that assignments have a clear schedule of start, finish and 
internal verification dates. 
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Ask yourself how many assignments you will need. Your assessed assignments 
should cover a minimum of one complete learning aim. You may choose to set an 
assignment for a whole unit, or even bring units together for assessment.  

Remember that this means your assessed assignments. Of course, you may set 
activities before assessed assignments to provide opportunities for learning from 
formative feedback and through skills building. These preparatory activities may 
often use group work and research as a preparation for undertaking the assessment 
itself but cannot be contributory evidence towards an assessment. 

In making a decision about how many assignments to use, you can think about what 
resources you have in your centre, what is available in the locality, how you could 
use links with local employers, and what opportunities there are for relating 
assessment to realistic vocational themes. 

Top tips 
● If a unit builds up – for example by ‘plan’ and then ‘do’ and then ‘review’ – one 

large assignment may work best. 

● If a unit requires several forms of evidence then several assignments may be 
best. 

● It is good to emphasise the links between units but it is harder to manage 
assessment across units – if you feel this is a good approach then be clear on 
how you will reach one decision for a unit. 

You need to think about how the evidence that the learner will produce can be 
verified and about how you will know that what each learner has done is authentic. 
You can only accept for assessment learner work that you know has been produced 
in a way that demonstrates the learner’s own achievement. 

Assignment ‘warm-up’ – active teaching and learning 
Your learners will do their best if they are motivated through engaging and realistic 
activities. All units involve ‘teaching the basics’ but learners need to get involved in 
order to understand where what they are learning fits in. 

You can use your resources and your imagination to really bring learning alive. You 
can encourage learners to try things out in groups, role plays, presentations and 
practical demonstrations. You can use visits and talks for research – remember you 
will need to structure what you do so that learners get the information they need, 
such as by providing a question sheet for them to use during a talk or visit. 

You can encourage learners to ‘get their hands dirty’ by trying something out. You 
can build up their skills so that they will be able to show them off confidently in the 
assessed assignment. 

You can use this ‘warm-up’ time to emphasise practical links between units, so that 
when learners are carrying out tasks they appreciate that they are often 
simultaneously drawing on skills/understanding from different units. It is important 
that learners appreciate the holistic way that their learning prepares them for further 
study or employment. 

Introducing the assignment 
Your teaching and learning phase is going to lead directly into the assessed 
assignment. You may be setting this up in a very specific way – such as everyone 
completing a practical activity in a timed slot – or this may be independent work 
spread over a number of weeks. 
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It is important to remind learners preparing work for assessment that they have to 
produce it themselves and that they have to meet the deadlines you give them. Once 
learners begin work on an assignment no specific assessment feedback can be given.  

Remember that you should be sure that your learners understand all the 
requirements for an assessed assignment before the assessment begins. Look at 
each unit carefully for how the evidence generated will be judged using the 
assessment criteria. 

Evidence for assignments 
You can use different types of evidence for assignments. A description does not have 
to be written and a presentation could be given in a number of styles – for example 
PowerPoint®, verbal or a video recording. You need to think about what is fit for 
purpose. So, if learners need to explain a plan, why not have them present it to an 
audience with a question and answer session? 

You should check that the type of evidence you are planning is feasible – for 
example, if you ask learners to ‘write a memo’ the coverage of 1 or 2 sides of A4 
must be capable of generating sufficient evidence. Likewise a poster may not be a 
suitable evidence format for a detailed evaluation. Remember that whatever evidence 
your learners produce must be capable of being verified as well as assessed. So, if 
they are actually producing a model, a performance, a meal, a coaching session, a 
demonstration, etc. you need to think about how it will be observed or recorded so 
that it can be checked during verification. 

Remember: no activity can be evidenced solely by an assessor’s observation log or 
by a witness testimony. All observed evidence must be able to be authenticated to 
the learner. This means that observation logs must always be supported by learner-
generated evidence such as preparation notes or reflective logs, or by photographic 
or video evidence in which the learner can be identified. The totality of this evidence 
must be available to the assessor at the point of the assessment decision which must 
follow the handing in of an assignment. An assessor should not award criteria during 
an activity, e.g. at the point of completing an observation log. 

Learning aims and assessment criteria 
A learning aim sets out what you should be covering in order to prepare learners for 
assessment. It may define knowledge, understanding, skills and contexts, and the 
wording of the aim will suggest appropriate learning experiences. You may set an 
assessed assignment on more than one learning aim but you should not normally 
split a learning aim over assignments. The evidence the learner produces in response 
to the assignment brief is judged using the assessment criteria, so you must make 
sure that what you have stated in the task fully covers those criteria. 

What about the final grade for a unit? 
The final grade for a unit is at Level 2 (Distinction, Merit or Pass), Level 1 or 
Unclassified. The assessment criteria are detailed in each unit so that you can clearly 
see what is required. You need to be aware that a unit grade can only be given once 
all the activities and assignments for that unit are complete. In giving assessment 
decisions to learners you need to be clear about when you are giving a formal 
decision and how this relates to the assessment for the unit as a whole. 

If you choose to include a learning aim in more than one assignment, you should be 
very clear with learners about how a judgement will be reached through looking at 
the evidence across the assignments. For example, the learner may be being asked 
to show the same skills in two different contexts. If so, they need to know if their 
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performance in either is sufficient for assessment, or if they must perform to the 
same standard in both. 

Keeping clear assessment records 
You can only use assignments as assessment instruments effectively if you work 
closely with other members of the assessment team and keep accurate records of 
what you are doing. Your records help you and the team to plan, review, monitor and 
support learners and ensure that assessment is authentic and accurate. 

The Lead Internal Verifier has a very important role in ensuring that each teacher, 
assessor and internal verifier on the programme understands the standards and the 
processes for keeping assessment documents. 

Your records are there to help you get it right for your learners. The main documents 
that you use, which can be used electronically, are: 

● an assessment and verification plan for the programme, showing when each 
assignment starts and finishes, when it is verified, and which unit(s) or learning 
aims it covers 

● an assignment brief template ensuring that all the key requirements of an 
assignment are covered 

● a record of internal verification for the assignment brief 

● a record that the learner completes when submitting an assignment, which 
should include the date and a declaration of authenticity 

● a record of internal verification for an individual sample of learner work 

● a record of progress for each learner showing the assignments that have been 
completed and the assessment decisions given.  

Giving grades 
At the end of an assignment you will need to reach a decision on assessment. If an 
assignment covers a whole unit then this will be a final grade; if it covers part of a 
unit then it will be a component of a final grade. In either case, it counts as an 
assessment decision and should be subject to internal verification and then finalised. 

Your decisions must be checked according to the internal verification plan signed off 
by the Lead Internal Verifier. For each assignment, a sample of learner work must be 
reassessed fully by the Lead Internal Verifier or another person acting as an Internal 
Verifier who has been directed by the Lead Internal Verifier. Once your decisions 
have been checked you can give these to the learners as ‘final’. Remember: You will 
then be able to accept only one further attempt from the learner to provide further or 
better evidence for the learning aim(s) covered in that assignment. 

An assessment decision must be given to the learner on an appropriate assessment 
record document which contains the assessment decision, the assessor’s declaration 
of authentication of the learner work, space for the Lead Internal Verifier to authorise 
a resubmission and specify the conditions where applicable, and the assessment 
feedback comments. Feedback to the learner for each learning aim must be 
constructive and criterion-based. The learner should be clear on why they have been 
awarded each criterion, and why they have not been awarded any others. It is also 
helpful to annotate the learner work to show exactly where evidence for each 
criterion can be found.  

The assessment feedback must not offer any further guidance to the learner. Further 
guidance means guidance that is beyond that available to them at the start of the 
assignment; they must not be told individually or specifically what they can do to be 
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awarded further criteria. Care must be taken to maintain the independence of the 
learner to enable a resubmission opportunity to be authorised. 

You can only award higher grades if a learner has demonstrated the requirements of 
lower grades. This does not mean that the criteria represent different tasks or stages 
– you should be able to apply the criteria to the same evidence if the assignment is 
structured carefully. 

In order to achieve at level 2: 

● Distinction – a learner must have satisfied all the Distinction criteria in a way 
that encompasses all the other level 2 criteria, providing evidence of outstanding 
depth, quality or application 

● Merit – a learner must have satisfied all the Merit criteria in a way that 
encompasses the Level 2 Pass criteria, providing evidence of enhanced depth or 
quality 

● Pass – a learner must have satisfied all the level 2 Pass criteria, showing 
breadth of coverage of the required unit content and having the relevant 
knowledge, understanding and skills. 

Achievement at level 1 can be recognised by satisfying all the level 1 criteria. A 
learner who has attempted the unit but not satisfied all the criteria defined for level 1 
should be given U (Unclassified). 

Enabling higher achievement 
Your assignments should provide opportunities for learners to achieve at the highest 
level and should promote stretch and challenge. Of course, not all learners will finally 
achieve a Distinction or a Merit, but it is important that they are provided with the 
opportunity to do so. 

You must look to structure assignments so that learners produce evidence that can 
be used across the grade levels – learners should not have to ‘get Pass out of the 
way first’. To ‘aim high’, learners must be well prepared before they start the 
assignment and be encouraged to try to reach the highest standards. All assessed 
activities must ask the learner to produce evidence that can be assessed against the 
full range of grades available. 

Assignment design 
Your assignments are a tool for encouraging learners to provide evidence for you to 
make assessment judgements. Good assignments are interesting and motivate 
learners as well. 

The components of an assignment are: 

● a scenario – provides a setting and rationale for the assessment 

● evidence requirements – set out exactly what the learner is expected to 
produce and how the assessment will take place 

● tasks – set out what a learner needs to do to provide the evidence 

● scope – outlines which unit(s) or learning aims are being covered and which 
criteria are being addressed 

● a timescale – sets out start and hand-in dates. 

Assignment briefs 
Your assignments must be given to a learner formally as an assignment brief so that 
the learner knows they are being assessed and what is required of them. 
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The assignment brief includes these details: 

● the qualification 

● the title and number of the unit(s) 

● an assignment title and number (if more than one per unit) 

● the learning aims (if not a whole unit) 

● the assessment criteria 

● the evidence requirements 

● the start date 

● the hand-in deadline. 

You should include a record that it has been given to the learner, normally by 
inserting the learner’s name into a copy of the assignment brief, but this could be 
recorded electronically. 

Your learners should be provided with a form or other record for declaring that their 
work is their own and for confirming the date of submission. 

Using an endorsed assignment brief 
We are preparing a bank of endorsed assignments briefs that you will be able to 
access at www.btec.co.uk/endorsedassignments. It will include at least one endorsed 
assignment brief for every internally assessed unit. For mandatory units, there will be 
enough endorsed assignment briefs to cover all assessment criteria. 

We ask you to verify every assignment every year, regardless of whether it is your 
own or one sourced from elsewhere. Once your assignment is verified, you can put it 
in your timetable and check that you have planned delivery of the appropriate unit 
content. This can be as simple as making sure you have planned an event, visit or 
performance as suggested. 

● The Lead Internal Verifier should fit these assignments into the overall plan and 
know when they will be assessed. 

● You may want to adjust the assignment to make it fit your learners’ needs and 
your centre’s resources. 

● You should think about exactly how the evidence is going to be produced and 
whether or not your learners need guiding to relevant activity that they have 
already completed. 

● You may need to plan for practical activities to be carried out and recorded. 

It is important that you are as familiar with the endorsed assignment as you would 
be if you had created it yourself. Understanding the assignment will ensure that you 
plan activities that properly reflect the scenario given in the assignment, and that 
you get no nasty ‘surprises’ when learners’ evidence is submitted. 

The scenario 
The assignment should be set in a vocational context that helps your learners to 
show what they have learned in a relevant way. This can often be achieved by asking 
learners to imagine they are in an appropriate job setting with a job role and job 
tasks. It could involve providing them with a brief of an activity that would be of 
value to a local employer, or without directly using a job context directly. It could 
draw on a real case study in order to allow application and analysis. You can draw on 
understanding of your sector to develop appropriate assessment contexts. 
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Evidence 
You can choose suitable forms of evidence – it is possible to use a wide range of 
forms, from reports to presentations, from performances to diaries, from record 
sheets to video recordings. 

Of course you should match the evidence type(s) selected to the requirements of the 
unit(s) or learning aims(s). For example, if a learning aim requires a practical 
demonstration then you should think about how that is going to be set up and 
recorded. 

Be careful not to suggest a type of evidence that may be too short – for example, a 
‘leaflet for new buyers’ may be a realistic form of assessment for business learners to 
produce but may not provide for sufficient breadth in itself, depending on the 
assessment requirements. 

For some evidence, the period for its production must be time-constrained and, in 
some cases, you may want to ensure authenticity by having some evidence produced 
in supervised conditions. 

The tasks 
The tasks should be a clear statement of what a learner needs to do to produce the 
evidence. You may explain the tasks to learners in more detail during delivery, but 
the assignment itself should be clear. You should remember to relate tasks to the 
scenario and to the evidence. If learners have been carrying out preparatory work – 
such as visits, rehearsals or skills exercises – then you may want to refer to this in 
the tasks. 

Your tasks must: 

● specify the nature and extent of the evidence 

● be clear and include any specific materials or steps with times or dates, when 
necessary 

● refer to the assessment criteria that the evidence will be judged against 

● encourage the generation of evidence that can be judged against the criteria 

● be presented in a way the learner can understand – remember that the criteria 
are not in themselves tasks 

● fit together to cover the learning aim sensibly, allowing learners to achieve to 
the best of their ability. 

You must make sure that the tasks can generate evidence which cover the criteria. 
When you create tasks, you should not use the exact wording of the criteria, but you 
should pay close attention to it and the associated assessment guidance. 

You should always list the criteria covered by each assignment – and also normally 
each task. When you quote the assessment criteria, please don’t change their 
wording. You can, of course, use a glossary of the wording of tasks to highlight what 
certain words mean. Many words will be repeated across criteria for different grades 
and your learners may find it useful if you highlight the changes. 

You should remember that the criteria are used to judge the evidence, so completion 
of a task related to identified criteria does not automatically imply achievement. 

Scope 
You can choose the scope of an assignment provided that it fits well into the overall 
assessment plan for the unit(s) and the programme. For some qualifications it is 
normal practice to bring several units together for large-scale projects, while for 
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others initial coverage of a topic in one unit may then be picked up in later, more 
specialist units. 

When planning a unit-by-unit approach to assessment, you should make sure that 
learners understand through their learning how the units relate to each other, and 
that the requirements for synopticity are addressed. 

Assignments that span several units should be controlled carefully and you also need 
to consider whether it is only the learning or both learning and assessment that 
should be considered. 

If you assess a learning aim several times using different assignments then you, as 
part of the programme team, and the learners must be aware of when the 
summative grade can be given, and from what evidence. There is never any 
‘averaging’ of achievement or ‘aggregating’ of separate decisions – a single decision 
should be reached based on the relevant evidence. 

Learner responsibility 
You should make sure that learners know they must meet their deadlines and 
provide work that is genuinely their own, otherwise their grades will be affected. To 
support learners, you should explain how to reference the work of others and how to 
work in such a way that ensures they can declare that their work is their own. 

We recommend that learners are given a guide to their assessment at induction to 
the programme. You can reinforce the expectations when assessed assignments are 
handed out. 

Quality assurance 

What is quality assurance? 
Quality assurance is at the heart of vocational qualifications. For many BTEC units, 
assessment is completed by your centre and your centre is responsible for the 
grading and standard of assessments. 

● You use quality assurance to ensure that your managers, internal verifiers and 
assessors are standardised and supported. 

● We use quality assurance to check that all centres are working to national 
standards. This is done by sampling your marked assignments. 

What is the purpose of quality assurance? 
In your centre, quality assurance allows you to monitor and support your BTEC staff 
and to ensure that they understand, and are working to, national standards. It gives 
us the opportunity to identify and provide support where it is needed in order to 
safeguard certification. It also allows us to recognise and support good practice. 

How does it work? 
First of all, you need approval to deliver BTEC qualifications. By signing the approval 
declaration you confirm that you have in place all necessary resources, appropriately 
experienced staff, and quality-assurance policies and procedures. You should have 
standardised systems and procedures for registering and certificating learners, 
tracking learner achievement and monitoring assessment and internal verification. 

During the delivery of a programme, internal verification is the quality-assurance 
system that you use to monitor assessment practice and decisions, ensuring that: 
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● assessment is consistent across the programme 

● assessment tools are fit for purpose 

● assessment decisions judge learner work accurately using assessment criteria 

● standardisation of assessors takes place. 

Internal verification is a recorded discussion between two or more professionals to 
ensure accuracy, fairness, consistency and quality of assessment. Internal 
verification procedures must: 

● check all the assignment briefs or assessment tools used in every internally 
assessed unit 

● check a sample of assessment decisions made for every internally assessed unit 

● check a sample of assessment decisions from every assessor 

● ensure that within the sample: 

o the range of assessment decisions made is covered 

o the experience of the assessor is taken into account when setting the sample size 

o the sample size is sufficient to assure the accuracy of the assessment decisions for 
the whole group 

● plan and document the process. 

Our external quality-assurance processes include: 

● annual visits to each centre to look at quality-assurance systems and procedures 
(Quality Review and Development) 

● standards verification by a subject specialist to sample assessment and internal 
verification of learner work 

● standardisation activities to support assessors, internal verifiers and lead internal 
verifiers. 

Every year we publish an updated BTEC Quality Assurance Handbook to explain our 
external quality-assurance process for the next academic year. Along with the 
programme specifications, the handbook should provide your programme team with 
everything they need to run vocational programmes successfully. 

Centre roles and responsibilities 
● Senior Managers 

The Head of Centre is formally responsible for ensuring that your centre acts in 
accordance with our terms and conditions of approval. These include ensuring 
the provision of appropriate resources, recruiting learners with integrity, 
providing full and fair access to assessment, maintaining full and accurate 
records of assessment, complying with all quality-assurance processes, and 
ensuring that all certification claims are secure and accurate. Day-to-day 
responsibility is normally delegated to the centre’s BTEC Quality Nominee. 

● BTEC Quality Nominee 
Each centre is asked to identify a member of staff as its Quality Nominee for 
BTEC provision. This person is the main point of contact for information relating 
to quality assurance. Quality Nominees will receive regular information from us 
about all aspects of BTECs, which they should share with the relevant staff in 
their centre. Therefore, it is very important that Quality Nominee details are kept 
up to date on Edexcel Online. We recommend that your Quality Nominee is 
someone with responsibility for the BTEC curriculum because they will be 
involved in monitoring and supporting staff in your centre. The Quality Nominee 
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should ensure that BTEC programmes are managed effectively and actively 
encourage and promote good practice in your centre. 

● Examinations Officer 
The Examinations Officer is the person designated by the centre to take 
responsibility for the correct administration of Pearson learners. This person 
normally acts as the administrator for Edexcel Online – our system for providing 
direct access to learner administration, external reports and standardisation 
materials. 

● BTEC Programme Leader 
The Programme Leader (or Programme Manager) is the person designated by 
your centre to take overall responsibility for the effective delivery and assessment 
of a BTEC programme. The Programme Leader may also act as the Lead Internal 
Verifier. 

● Lead Internal Verifier 
The Lead Internal Verifier is the person designated by your centre to act as the 
sign-off point for the assessment and internal verification of programmes within a 
principal subject area (for example, BTEC Firsts and Nationals in Business, or 
BTEC Firsts and Level 1 in Engineering). We provide Lead Internal Verifiers with 
access to standardisation materials. The Lead Internal Verifier should be someone 
with the authority to oversee assessment outcomes. Ideally this would be the 
Programme Leader, because this would normally be a key part of their role. They 
should be directly involved in the assessment and delivery of programmes and 
able to coordinate across Assessors and other Internal Verifiers for a principal 
subject area. 

● Assessors and Internal Verifiers 
The programme team consists of the teachers who are responsible for the delivery, 
assessment and internal verification of the BTEC qualification. An assessor is anyone 
responsible for the assessment of learners. An internal verifier can be anyone 
involved in the delivery and assessment of the programme. Please note that if a 
teacher writes an assignment they cannot internally verify it. Someone else should 
perform this function. Where there is a team of assessors, it is good practice for all 
to be involved in internally verifying each other. If there is only one main person 
responsible for delivery and assessment then arrangements must be made for their 
assignments and assessment decisions to be internally verified by someone 
appropriately experienced. 

Tips for successful BTEC quality assurance 
● Recruit with integrity. Ensure that the learners you register on the programme 

are able to achieve at level 2 and have a specific interest in the vocational 
sector. 

● Ensure that you have sufficiently qualified and vocationally experienced staff 
involved in delivery and assessment. BTECs are vocational qualifications, 
designed to be delivered by staff with expertise in their subject. 

● Provide induction, training and ongoing development opportunities for your staff. 
Best practice comes from having staff that understand the BTEC ethos and 
assessment methodology and have up-to-date knowledge of their vocational 
sector. 

● Use the free resources available. There is a wealth of guidance in the 
specifications and delivery guides that will help you with delivery and 
assessment. 
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● Make quality assurance part of everyone’s role. Quality assurance is a 
fundamental aspect of every role, from assessor to senior manager. Recognising 
this and providing time and resources to support quality assurance is the key to 
success. 

● Plan ahead. You should begin a programme with a clear schedule for handing out 
assignments, assessment deadlines and internal verification, so that you are well 
prepared to ensure ongoing quality and able to address any issues quickly. 

● Ensure good communication. Assessors, Internal Verifiers, Lead Internal Verifiers 
and managers should all be clear on their roles and how they interact. The Lead 
Internal Verifier must have a clear overview of the plan of assessment and how 
it is being put into practice. 

● Provide clear, consistent feedback to learners, based on the grading criteria 
during the guided learning stage. Give clear and accurate assessment feedback 
based on the grading criteria only after the final submission. Remember that 
care must be taken to maintain the independence of the learner during 
assessment activities. This allows learners to know exactly how they are 
achieving on the programme, identifies areas for development, and encourages 
them to take responsibility for their own learning. 

● Undertake internal verification in a timely way. Assignment briefs must be 
internally verified before they are given to learners. A sample of assessment 
decisions should be internally verified as soon after assessment as possible to 
ensure that learners receive accurate and supportive feedback on their 
achievement. 

● Track assessment and internal verification accurately as you go along. 
Assessment records should be kept at the level of the learning aim and 
assessment criterion/criteria. This gives a clear confirmation of individual 
achievement and identifies areas for improvement. 

● Using standardised templates for all quality-assurance documents helps to ensure 
a consistent approach. We provide templates (via our website) that you can use 
for: 

o internal verification of assignment briefs 

o internal verification of assessment decisions 

o observation records and witness statements. 

● These templates are not mandatory and you are free to design your own, but 
using them will help to ensure that you are meeting requirements. 

● Ensure that learner work is kept secure but is accessible during the programme. 
You will be required to provide learner work for external quality assurance while 
learners are on programme. 
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Unit 1: Principles of Science 

Delivery guidance 

Approaching the unit 
This is an externally assessed unit where access to a laboratory is essential. This unit 
includes knowledge and understanding that is required by learners in Units 2-4. As a 
result there are two basic ways to deliver the unit: 

● As a stand alone unit at the beginning of the course 

● Integrated with Units 2-4, so the relevant learning aims for Unit 1 are covered 
with associated learning aims in an internally assessed unit (e.g. the chemistry 
in Unit 1 with the chemistry in Unit 2). 

The second approach can provide a more coherent learning experience for the 
learner, although you will need to ensure they are clear on which content is to be 
externally assessed. Whichever route you take to delivery, please note that early 
entry to the external assessment does not suit all learners, and so you will need to 
take a view on their likely readiness if entering them early in their study. 

Delivering the learning aims 
For learning aim A, learners should: 

● explore the structure, function and adaptations of eukaryotic cells 

● understand the functions of cell organelles 

● understand the molecular structure of DNA 

● explain chromosome structure and function 

● understand the organisational structure of living organisms, illustrated by the 
cardiovascular system 

● understand the function of plant organs. 

Learners ideally need access to suitable microscopes and prepared slides to compare 
eukaryotic cells. If possible you should make suitable electron micrographs available 
to allow learners to understand the internal structure of a typical eukaryotic cell. 
Also, learners should be given access to appropriate microscopes and prepared 
slides, to compare root cells, xylem and phloem vessels. 

Learners could: 

● do a practical activity demonstrating monohybrid inheritance, (for example, using 
fruit flies or corn on the cob) 

● use Punnett squares and genetic diagrams to display results 

● use case studies of genetic diagrams and pedigree analysis to explain the 
determination of genotypes and phenotypes of offspring. 

For learning aim B, learners should: 

● understand homeostasis and the role of the nervous and endocrine systems 

● consider the speed of response of the nervous and endocrine systems and the 
reasons for the differences (limit examples to blood glucose regulation and 
thermoregulation) 

● explain the gross structure and function of the nervous system (CNS, PNS) 
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● distinguish between involuntary and voluntary responses 

● understand the basic structure of the synapse, the associated electrical impulse 
and chemical transmission (i.e. neurotransmitters) 

● study a simple reflex arc (simple practical activities could be used for demonstration) 

● discuss the basic structure of the endocrine system, mentioning associated glands 
and target organs (you can give several examples of hormones and their functions 
but learners do not need to know all the functions of hormones secreted by 
endocrine glands). 

For learning aim C, learners should: 

● develop an understanding of some basic concepts of chemistry 

● be introduced to elements as substances which cannot be broken down into 
anything simpler 

● learn that the periodic table contains the names and symbols of all the elements 

● draw diagrams of atoms and isotopes 

● relate atomic structure and filling of electron shells to position in the periodic table. 

For learning aim D, learners should: 

● investigate the differences between elements, compounds and mixtures, carrying 
out practical work (for example, distilling salt water, making and separating 
mixtures of iron and sulfur, making magnesium oxide) 

● carry out neutralisation reactions, metal/acid reactions and carbonate/acid reactions 

● applications of neutralisation reactions 

● carry out pH tests and tests for gases produced in these reactions 

● apply their understanding to applications in the manufacturing or service-science 
industry  

● write word and balanced equations for these reactions 

● develop practical investigative skills. 

For learning aim E, learners should: 

● develop an understanding of energy forms (for example, thermal, electrical) 

● explore energy stores (for example, chemical, kinetic) 

● understand energy transfers (for example, conduction, convection) 

● explain energy transformations (for example, potential to kinetic), 

with follow-up discussions on their applications. Some of the content of this learning 
aim can be demonstrated effectively through practical work. As this is being carried 
out, learners can be prepared for measuring energy transfer and its efficiency. This 
will involve using formulae either by analysing their own work or data given to them. 
Finally, learners could research sources of renewable/non-renewable energies and 
their effectiveness. 

For learning aim F, learners should: 

● explore wave characteristics through demonstrations or simulations 

● learn and use wave calculations 

● demonstrate or investigate practically the electromagnetic spectrum and its uses 
(with special emphasis on practical uses) 

● research and discuss the consequences of exposure to electromagnetic radiation. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 1: Principles of Science 

Introduction 
This unit introduces the learners to the key concepts found in biology, chemistry and 
physics. It should provide learners with knowledge which they can develop through 
studying the other units that are covered in the Principles of Applied Science award. 

Learning aim A: Explore cells, organs and genes 

Activities in preparation for assessment part 1: The life of cells 

You should revise the structure and function of plant and animal cells. Learners could 
make use of card-matching activities to link the names of organelles with their associated 
function. Practical activities can be used to reinforce this work. The preparation of non-
permanent microscope slides can be used to show the basic structure of plant and animal 
cells (for example, onion epithelial cells and human cheek cells) as seen under an optical 
microscope. The use of prepared microscope slides should be used to distinguish between 
the different types of cells as listed in the unit content. This will allow learners to make 
comparisons between plant cells and animal cells. 
The comparison of structures within plant cells and animal cells could be further extended 
by learners matching the structures of plant cells and animal cells with the relevant 
functions of the organelles. Further to this, learners should prepare a microscope slide to 
show the cross-section of a typical leaf structure. Learners can use this prepared slide to 
identify the components of the leaf and explain the functions of each part. 
You and your learners should revise the organisational features of the human body. 
Learners should be able to apply these organisational features to the cardiovascular 
system. 
You should discuss the structure and function of DNA. Learners could construct a model of 
the double helix of DNA. Learners should discuss the components of DNA molecules and 
understand the roles of bases, genes, proteins and chromosomes. 
You could show monohybrid inheritance in fruit flies or corn cobs. Through the practical 
activity, learners could apply terminology such as alleles, genotypes, phenotypes, 
homozygous and heterozygous. This practical should also provide learners with the 
opportunity to look at the probability, percentage or ratio of offspring displaying inherited 
characteristics. Learners should use Punnett squares and genetic diagrams to understand 
monohybrid inheritance. Examples could include: 
● inheritance of the colour of flowers in sweet pea plants 
● inheritance of eye colour in humans 
● inheritance of the tongue-rolling gene. 

Learning aim B: Explore the roles of the nervous and endocrine systems in 
homeostasis and communication 

Activities in preparation for assessment part 2: Communication in the body 

● Through discussion and practical exploration, learners should investigate the role of the 
endocrine and nervous systems in homeostasis. 

● Learners could determine the sensitivity of various parts of the body practically – for 
example sole of foot, fingertips, forearm, lips and forehead. 

● Learners could link the structure of the nervous system with the findings of the 
investigation. For example, they could use the practical as a tool to explain the 
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Unit 1: Principles of Science 
structures and functions of the nervous system and to discuss the difference between 
voluntary and involuntary responses. An extension activity could allow learners to 
describe the reflex arc. 

● You should revise with learners the interrelationship between the nervous and the 
endocrine system. 

● Learners could use ICT facilities to investigate the differences in communication 
between the nervous and endocrine systems – for example speed of communication, 
method of transport or transmission, and duration of response. Learners could create a 
short poster presentation on the differences identified. 

● Through practical activity learners should investigate the effect of exercise on the 
regulation of body temperature. This would allow learners to discuss the relationship 
between the nervous and the endocrine systems. 

● Using appropriate resources learners could produce a group presentation on the role of 
the endocrine system in the regulation of blood glucose levels. 

Learning aim C: Explore atomic structure and the periodic table 

Activities in preparation for assessment part 3: Understanding the periodic table. 

● Introduce the periodic table to the learners – they should all have their own copy to 
work with. 

● Learners could write the group names and numbers, and number the periods on their 
table. They could shade in the metals and non-metals in different colours. 

● Learners could research the properties of elements to show that elements in the same 
group have similar properties. 

● You should introduce atomic structure. Protons, neutrons and electrons should be 
defined and the structure of the atom described. 

● Define atomic number, mass number and relative atomic mass. Learners should work 
out the numbers of protons, neutrons and electrons from an element’s atomic number 
and mass number. 

● Learners could draw diagrams of the atomic structures of the first 20 elements. 
Learners could investigate the meaning of isotopes and explain the difference between 
some given examples – say C-12 and C-14. 

● Learners should use their knowledge of atomic structure and the periodic table to write 
the electronic configurations of the first 20 elements, and use electronic configuration 
to predict the group to which an element belongs. 

Learning aim D: Explore substances and chemical reactions 

Activities in preparation for assessment part 4: Exploring chemical reactions 

● Elements, compounds and mixtures should be introduced and definitions given. 
Diagrams/photographs should be shown of each. 

● Learners should carry out practical work on the physical properties of a circus of 
elements, mixtures and compounds – including conductivity, boiling point, melting 
point and state of matter. 

● Word equations and balanced equations should be introduced. Simple examples should 
be given. 

● You should introduce the learners to acids, bases and alkalis. Learners should carry out 
practical work on neutralisation reactions using hydrochloric acid, nitric acid and 
sulfuric acid with copper oxide or zinc oxide, and with sodium hydroxide. 

● Learners should carry out metal/acid reactions and test for hydrogen. 
● Learners should carry out acid/carbonate reactions and test for carbon dioxide 
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● Learners should carry out tests for pH using universal indicator and litmus – they could 

do these on the reactants and products of the previous experiments. 
● Learners could research the hazard symbols for all the chemicals used in this unit. 
● Learners could research applications of neutralisation reactions. 
● Learners should practise writing the formulae for all the reagents in this unit. 
● Learners could practise writing word equations and balanced equations for all the tests 

carried out. They may need considerable help with this. (This links to Unit 2.) 

Learning aim E: Explore the importance of energy stores, energy transfers and 
energy transformations 

Activities in preparation for assessment part 5: Energy – where does it come from? 

● As part of a general introduction to energy, learners could use a brain-storming session 
about energy and develop a mind map connecting forms of energy, energy sources, 
energy transformations etc. This could be a small-group activity leading to 
contributions and an overall class picture. Homework could be given as a research of 
sources of energy (renewable/non-renewable) and using energy sources effectively. 

● A circus of practical experiments could be set up with learners spending time at each; 
they carry out the instructions given and use worksheets to answer questions. The 
circus of experiments can be used to show the following ideas: 
o different forms of energy 
o energy stores 
o energy transformations 
o energy transfers. 

● It may be possible to use one or two sets of experiments to cover the content – use 
your own judgement to give learners the maximum experience of energy. You could 
then use discussion time to summarise the learners’ findings. 

● Learners do not find it easy to work quantitatively, especially when equations are 
involved. You should devise an introduction to energy transfer measurements and 
establish units such as watt, joule and seconds. The introduction of diagrams to 
represent energy transfer and its dissipation would help the learners to visualise this 
area of work. 

● If possible, use the learners’ results from their practical work plus other data, if 
needed, to use the following equation: 

 power (W) = energy (J)
time (s)

 

● You should make sure the calculations are made relevant – give them a vocational 
setting rather than just a set of numbers to put into a formula. 

● Introduce learners to the meaning of energy efficiency and make sure they understand 
how to use percentages. Again, any such work should be made as relevant as possible. 

● A group discussion could be held on efficiency regarding energy transformations and 
transfers. You could refer back to the circus of experiments to make it relevant or ask 
the learners to think of examples they are familiar with. 

● Your input about how to calculate efficiency will probably be required – this could be as 
a formal tutorial because it involves using: 

 efficiency = useful energy (J)
total energy supplied (J) 

 × 100% 

Most learners will need to be led through how to use the formula, but having some 
data ready for the more able to use while others receive more help will minimise 
boredom if the pace is slow. 
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● Figures from the practical work carried out previously could be used to supply data for 

the efficiency formula (if experiments had been carefully set up and worksheets had 
the correct questions). 

● Homework could be set on the sources and storage of energy. Learners should be given 
some direction about the major areas to research (using those listed in the 
specification), otherwise they could be overwhelmed with the amount and variety of 
information available. 

Learning aim F: Explore the properties and applications of waves in the 
electromagnetic spectrum 

Activities in preparation for assessment part 6: Here come the waves 

● An introduction to the electromagnetic spectrum using a presentation and a 
demonstration of wave characteristics (ripple tanks or simulation) will engage the 
learners’ interest in this topic. During these demonstrations or simulations the units 
used for stating wave characteristics can be introduced. 

● A question sheet could be given out for the learners to complete for homework. The 
purpose of this would be to check their understanding of wave characteristics. 

● You should introduce wave calculations using demonstrations or practical work 
collecting data to put into the formula: 

 wave speed (m/s) = wavelength (m) × frequency (Hz) 
● Again, you should have some worked examples for the learners to look through and 

data for the more able to use, while you spend more time with those who struggle with 
equations. 

● Homework can be in the form of further calculations, using secondary data to make 
sure the answers are expressed in standard form. Discussion of the homework in the 
next session will help to make sure that all the learners have understood how to use 
the equation. 

● Most learners are interested in the electromagnetic (EM) spectrum, especially if it is 
presented visually. You could start this work by looking at how the EM spectrum is used 
in everyday life. A good way would be for a white board to be made available, on which 
learners could write their ideas and suggestions and then group them. You could help 
the learners to divide the ideas into those listed in the specification. This shows the 
uses of EM radiation in transferring energy and it leads neatly on to the EM spectrum 
and a more theoretical consideration of EM radiation. 

● Most of the uses of EM radiation described will have been positive, but some learners 
may have pointed out that ultraviolet radiation from the Sun can be harmful, and that 
infrared radiation burns the skin. This could be used as a starting point for looking at 
the harm that exposure to EM radiation can cause. 

● An interesting homework topic is to ask the learners to construct a chart about EM 
radiation along with its good and bad points. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● The BTEC Applied Science suite: 

o Unit 2: Chemistry and Our Earth 

o Unit 3: Energy and Our Universe 

o Unit 4: Biology and Our Environment 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
knowledge, publishers are likely to produce Pearson-endorsed textbooks that support 
this unit of the BTEC First in Principles of Science. Check the website 
(www.edexcel.com/resources) for more information as titles achieve endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Hutchings, K., Classic Chemistry Experiments, The Royal Society of Chemistry, 2000 
(ISBN 978-0-854-04919-6) 

Journals 

Big Picture Science 
A one-hour radio magazine and podcast that examines life and technology on this 
planet... and beyond. 

Focus 
A monthly science magazine produced by the BBC, with articles that will stimulate 
and inspire learners. 

New Scientist 
A weekly science and technology magazine with diverse subject matter. 

Websites 

www.ase.org.uk 
The ASE is a community of teachers, technicians and other professionals supporting 
science education. 

www.bbc.co.uk/schools/gcsebitesize/science/edexcel/patterns 
The periodic table 

www.bbc.co.uk/schools/gcsebitesize/science/edexcel/chemicalreactions 
Reactions in chemistry 

http://www.bbc.co.uk/schools/gcsebitesize/science/edexcel/classification_inheritance/ 
Online resources for classification, inheritance and variation. 

http://www.bbc.co.uk/schools/gcsebitesize/science/edexcel/responses_to_environment/ 
Online teaching for homeostasis and the nervous system. 

www.cellsalive.com 
Interactive illustrations for plant and animal cell biology. 

www.gcse.com/energy.htm 
Suitable for learners and teachers; extensive relevant information clearly set out 
under easily accessible headings. 
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http://health.howstuffworks.com/adam-200092.htm 
An animation about homeostasis 

www.iop.org 
Suitable for teachers only; use the teacher links to lesson plans and approaches to 
different topics. 

http://www.nuffieldfoundation.org/practical-biology 
http://www.nuffieldfoundation.org/practical-chemistry 
http://www.nuffieldfoundation.org/practical-physics 
These websites cover the content of this unit for teachers and have practical 
experimental details and some theory work. 

www.rsc.org 
Royal Society of Chemistry 

www.schoolscience.co.uk 
Information relevant to the topics in the unit; teachers should access this site before 
use by the learner. 

www.sciencemuseum.org.uk 
Teaching resources for genetics, useful in the classroom. 

www.societyofbiology.org 
Online resources for learning about DNA. 

www.webelements.com 
A detailed periodic table 

www.whynotchemeng.com/teachers/top%20ten%20flash%20bang%20demos.aspx 
Ten demonstrations that can be done in front of the class, including instruction 
sheets and videos. 
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Unit 2: Chemistry and Our Earth 

Delivery guidance 

Approaching the unit 
This unit requires the learner to approach many of the concepts through scientific 
investigation wherever possible. They should have access to laboratory and computer 
facilities so that they can carry out practical work, access simulations and carry out 
research using the internet. 

Delivering the learning aims 

For learning aim A, learners could: 

● watch demonstrations of alkali metals reacting with water 

● carry out displacement reactions of halogens to deduce the relative reactivity of 
the elements in groups 1 and 7, and explain it in terms of electronic arrangement 

● know the importance of various types of bonding and how this affects the 
properties of a chemical 

● use interactive, e-learning material to study ionic, covalent and metallic bonding 

● draw diagrams to show understanding of the types of bonding – it is appropriate to 
carry out practical work in order to learn the behaviour and characteristics of ionic 
and covalent compounds 

● carry out a model-making investigation on the shapes of both ionic and covalent 
chemicals. 

For learning aim B, learners could: 

● investigate particular examples – such as the use of calcium in the extraction of 
other metals from their ores; argon as an inert shield in welding; sodium azide in 
airbags; silicon in computer-chip technology; carbon dioxide in fire extinguishers 

● identify the difference between using an element and using its compounds, noting 
that certain uses are based on physical rather than chemical properties. 

For learning aim C, learners could: 

● carry out investigations on factors affecting rates – such as the reaction of marble 
chips with an acid, investigating particle size and concentration; the reaction of 
sodium thiosulphate solution with an acid, investigating temperature; the 
decomposition of hydrogen peroxide in the presence of different transition metal 
oxides, potato and liver introduces catalysts; the volume of carbon dioxide 
produced by the reaction of marble chips with an acid as a function of time 
providing data for plotting a rate graph 

● develop the concepts of word equations and simple balanced symbol equations for 
the reactions involved in these investigations and as part of learning aim B 

● use specific examples to introduce the ‘green chemistry’ concept of atom economy. 

For learning aim D, learners could: 

● address the environmental effects of both human and natural factors related to a 
local industry, amenity or something of interest to the learner – such as the 
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extraction of resources from the air and from land; the contamination of land as a 
result of industrial activity; global warming; ozone depletion 

● take part in discussions, or produce presentations, about topics of interest – such 
as natural factors, like volcanic eruptions and the movement of tectonic plates, 
that have had a huge influence on the surface and atmosphere of the Earth. 
Learners should study a topic affecting at least two such factors. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 2: Chemistry and Our Earth 

Introduction 
The teaching of this unit should cover both physical and chemical properties, bonding and 
rates of reaction. Learners should also investigate the factors that affect the Earth and 
the environment. 

Learning aim A: Investigate chemical reactivity and bonding 

● You should introduce the periodic table and the trends in the table. Learners should be 
given their own periodic table to work on. They can label the groups and colour in the 
metals and non-metals. Learners could carry out practical work on the trends in the 
periodic table, including the reactivity of the alkali metals and the halides. 

● Learners should watch a demonstration of the reactions of alkali metals with water. 
They could note the physical properties such as state, colour and hardness. The 
demonstration should include testing the gas given off as hydrogen, and testing the 
solution formed as alkaline. 

● They could carry out practical work on the properties and reactivity of group 7 
elements. They could investigate physical properties such as state and colour. They can 
carry out displacement reactions to put the halogens in order of reactivity. 

● They can add arrows to their periodic table showing the order of reactivity for the alkali 
metals and for the halogens. 

● Reactivity should be discussed in terms of electronic arrangement and shielding. 

● A visit to a chemical company that manufactures products or a visiting speaker would 
help to put this topic in perspective. 

● The different types of bonding (ionic, covalent, metallic) should be introduced. Learners 
could investigate the different types of bonding using interactive e-learning material. 

● They could carry out practical work measuring electrical conductivity, solubility, melting 
point and boiling point to compare covalent and ionic substances. They can put their 
results in a table to compare compounds with the two types of bonds (links to 
Assignment 2). 

● Learners could make models to show shapes of ionic substances (for example sodium 
chloride, magnesium oxide, magnesium chloride) and covalent substances (for example 
hydrogen, chlorine carbon dioxide, methane, water, oxygen). 

● They could draw dot-and-cross diagrams to show understanding of the different types 
of bonding. 

● You should discuss the relationship between structure and properties with the learners, 
and relate this to the practical work carried out on the properties of ionic and covalent 
compounds and to the models built and diagrams drawn. 

Assignment 1: Manufacture and Quality Control of Compounds* 

Learning aim B: Investigate how the uses of chemical substances depend on 
their chemical and physical properties 

● Revise chemical changes and physical changes with the learners. Explain how to 
recognise a chemical change and a physical change – you could give some examples. 
The learners could be asked to suggest some examples of their own. 

● Learners carry out practical work investigating physical and chemical changes. They 
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can melt ice and boil water and then reverse the changes. They can burn fuel to show 
that new products formed. Flash cards showing changes could be used for the learners 
to sort into physical or chemical. 

● Learners should investigate chemical substances related to an industry (for example, 
silicon in the computer industry), or a use (for example, sodium azide in airbags). This 
can be done through research on the internet. You will need to guide the learners to 
ensure that they are finding correct information. This could be set as homework and 
learners could make a presentation of their findings. 

● Learners should use the practical work measuring electrical conductivity, solubility, 
melting point and boiling point to compare covalent and ionic substances (links to 
Assignment 1, Part B) and to link the uses of chemicals to their physical properties. 
They could produce a poster showing how uses are linked to properties. You could ask 
the more able to consider how the use of a chemical is based on both physical and 
chemical properties. 

Assignment 2: Useful Chemical Products* 

Learning aim C: Investigate the factors involved in the rate of chemical reactions 

● A visit to a chemical company that manufactures products or a visit from a research chemist 
or plant chemist would help to put this topic in perspective. 

● Revise word equations. Describe simple reactions and allow learners to write the word 
equations from the description. 

● Show examples of writing balanced equations. Learners can use models to show how 
there are the same number and types of atoms on both sides of the reaction. They can 
write their own equations based on the work with the models. Learners should have the 
opportunity to practise writing word equations and balanced equations. They may need 
considerable help with this. 

● You should give examples of displacement, combustion and neutralisation reactions. These 
should be drawn from work within this unit or earlier units. Learners should be asked to 
identify the reactants in and the products of the reactions they have seen or have carried 
out. 

● You could heat blue copper sulphate crystals, and then add water to the white anhydrous 
product to show an example of a reversible reaction. 

● You could introduce rates of reaction by showing three different reactions working at 
different rates – for example, an iron nail rusting in water, an indigestion tablet fizzing in 
water, a balloon full of hydrogen being ignited. 

● The factors affecting rate of reaction could be introduced and learners could carry out 
practical work on rates of reaction looking at temperature, concentration, surface area 
(particle size) and catalysts. There is a range of investigations suitable for these. The 
following are some suggestions but it is not a comprehensive list: 
o learners could research the reaction of magnesium with hydrochloric acid – 

temperature, surface area, concentration 
o learners could research the reaction of sodium thiosulphate solution with 

hydrochloric acid – temperature, surface area, concentration 
o learners could research the catalytic decomposition of hydrogen peroxide using 

manganese (IV) oxide – catalyst (this can also be done with potato or liver providing 
the catalyst) 

o learners should use reaction rate graphs – they should explain what is happening, 
using collision theory; they may use simulations to investigate what is happening 

o learners could investigate some industrial reactions to consider yield and atom 
economy – they could make a presentation or produce a report on the Haber process. 
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Assignment 3: Controlling Industrial Reactions* 

Learning aim D: Understand the factors that are affecting the Earth and its 
environment 

● A visit to an environmental centre or a visit from an environmental scientist would help to 
put this topic in perspective. 

● There should be some formal teaching of the ways in which the Earth can be affected by 
man and natural phenomena. This should cover tectonic plates, volcanoes, burning fuels and 
the extractive industries. Learners could be given one of the above and be asked to research 
the effects and then to present back to the group. There is extensive information on the 
internet, so you will need to ensure that clear guidance is given to focus the learners. There 
have been many recent examples of natural phenomena, such as the Japan tsunami and 
earthquake, and the earthquake in Christchurch. There are news footage and newspaper 
articles available that can stimulate discussion and interest in this context. 

● A debate lesson could be used to look at the benefits and disadvantages of, for example, the 
use of natural resources, chemical processing, and obtaining natural materials. 

● Practical work could be carried out on the ways that man has changed the environment, 
including the effect of acid rain on rocks and the production of gases during combustion. 

● Learners could be asked to write an article describing sustainable development issues. They 
could look at human choices and human solutions to problems. They will need access to the 
internet and other resources. Again, you should offer considerable guidance. 

Assignment 4: Affecting the Environment* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications 
● The BTEC Applied Science suite: 

o Unit 1: Principles of Science 

o Unit 5: Applications of Chemical Substances 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
knowledge, publishers are likely to produce Pearson-endorsed textbooks that support 
this unit of the BTEC First in Principles of Science. Check the website 
(www.edexcel.com/resources) for more information as titles achieve endorsement. 

Goodfellow, D., Hocking, S., and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Hutchings, K., Classic Chemistry Experiments, The Royal Society of Chemistry, 2000 
(ISBN 978-0-854-04919-6) 

Journals 

Focus 
A monthly science magazine produced by the BBC with articles that will stimulate and 
inspire learners. 

Materials World 
A magazine specifically devoted to the engineering materials cycle, from mining and 
extraction, through processing and application, to recycling and recovery. 

New Scientist 
A weekly science and technology magazine with diverse subject matter. 

Websites 

www.bbc.co.uk/schools/gcsebitesize/science/edexcel/patterns 
The periodic table 

www.bbc.co.uk/schools/gcsebitesize/science/edexcel/chemicalreactions 
Reactions in chemistry 

http://www.nuffieldfoundation.org/practical-chemistry 
Covers the content of this unit for teachers, giving practical experimental details and 
theory work. 

www.rsc.org 
Royal Society of Chemistry 

www.whynotchemeng.com/teachers/top%20ten%20flash%20bang%20demos.aspx 
Engaging demonstrations for the front of the class – includes instruction sheets and 
videos. 

www.visionlearning.com/library 
A library of chemistry resources including simulations of bonding. 
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Unit 3: Energy and Our Universe 

Delivery guidance 

Approaching the unit 
Give your learners plenty of opportunities to explore this unit by ensuring that they 
have access to laboratory and computer facilities to carry out practical work, access 
simulations and carry out research using the internet. 

Delivering the learning aims 
Learning aim A is concerned with nuclear structure and radioactivity. It is not 
expected that you will have access to radioactive materials and, therefore, the use of 
simulations will substitute for practical work for this section. You will need to give an 
introduction to the subject, and include awareness of health and safety matters in 
relation to working in a laboratory. 

Ideally your learners (with support if necessary) would use computers to become 
familiar with the appropriate content and assessment criteria. Alternatively an 
appropriate programme can be used on an interactive whiteboard as a group activity. 
Whichever way this section is delivered, it should be put into a vocational context, 
particularly when calculations are required. For example, you could give half-life 
data, which your learners can put into a graph package and interpret. 

The emphasis in learning aim B is on practical work and requires laboratory 
facilities. You may feel that building electrical circuits and beginning to work with 
calculations should be tackled before the more theoretical work on producing and 
transmitting electricity. The emphasis should be on using practical work to 
understand the behaviour of electricity and its transmission. Setting the work in a 
vocational context prevents it from becoming an exercise in using electrical formulae 
for no apparent reason. This also applies to electrical transmission, where the 
emphasis should be on the practical side of generating and transmitting electricity, 
the costs and the implications of inefficiency of transmission. 

Learning aim C tackles the Solar System and space. If you have access to telescopes, 
planetariums and observatories you will have a wealth of materials at your disposal. If 
you do not have such facilities, there are numerous online resources.  

Learners could: 

● build models, and use these for discussions about things such as size and distances 
– this can introduce your learners to more difficult concepts such as red-shift 

● build telescopes in the laboratory using lenses and tubing 

● explore the different types of sophisticated instruments being used to study the 
Universe today 

● investigate and experience using different telescopes by using online simulations 
(for example, robotic telescopes). 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 3: Energy and Our Universe 

Introduction 
This unit could be introduced by using a series of carefully chosen newspaper, or online, 
news items – the more controversial the better because this will stimulate interest and 
conversation. The intention is to capture learners’ interest and then focus on radiation 
and electricity. Where possible, use the evidence from practical work to help the learners 
achieve the assessment criteria. You should have prepared practical observation sheets 
for use as the experiments are carried out where evidence of learner work is needed. 

Learning aim A: Understand ionising radiation, its uses and sources 

● Revise atomic structure with learners so that they can see how and why radioactive 
materials act in the way they do. An introduction to atomic number and mass number 
and the symbols used will also help learners to understand the nature of radiation. The 
suggested websites could be used for this. 

● The emission of different types of radiation, comparisons of ionising and penetration 
abilities can be carried out by computer simulations from the websites listed. A card-
matching quiz can be used, where learners have to match information about 
radioactive materials to the correct element and the ability to penetrate substances 
such as card, paper, lead, etc. 

● Investigate radioactive decay half-life using simulations, and input data to plot and use 
half-life graphs. Calculations involving half-life will be needed and some learners may 
need considerable help with this. 

● Nuclear fission and nuclear fusion should be discussed with learners in terms of 
changes in the nuclei. Computer simulations are available from the websites listed. 
Card-matching quizzes could also be used where the change in the nuclei has to be 
matched to the type of radiation produced. 

● Looking at the differences between fission and fusion, as related to nuclear power 
stations and energy release in stars, is best tackled by directed research and group 
discussion. There is much information available and you will need to monitor the 
learners’ research so that they do not amass information that does not meet the 
criteria. 

● Environmental issues of nuclear power should be discussed and could be used as a 
homework activity. You could set some specific topics to be researched for homework – 
such as how to control fission and fusion reactors, the environmental impact of the 
waste produced and the implications of a leak of radioactive material. Alternatively,  
the more able learners could be directed to the assessment criteria and carry out  
their own research. As this is such a big topic, you could give the learners case studies 
to analyse. 

Assignment 1: Do They Always Glow in the Dark?* 

Learning aim B: Know how electrical energy produced from different sources can 
be transferred through the National Grid to homes and industry 

● This learning aim could be introduced by using some prepared studies on different views 
about producing energy. These could be hard copies or the learners could access them 
on the centre’s website (allowing for further study in their own time and at their own 
pace). Include arguments about the efficiencies and environmental impact of different 
production methods. Follow this up with group discussions. 
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Unit 3: Energy and Our Universe 
● Review the main ways of producing electrical energy emerging from the earlier 

introduction. They should include batteries, solar cells, and a.c. and d.c. sources. 
● Practical work should be carried out to include: 

o a simple cell made from dilute sulfuric acid, copper and zinc plates 
o Leclanché cell, which learners are familiar with as the dry cell batteries they use (they 

can be dissected – with care) 
o layer cells 
o lead–acid accumulators, as used in car batteries 
o recharging batteries 
o solar cells. 

● Learners do not need to produce detailed accounts of the experimental methods used in 
their practical work. They should be able to use the information from the practical work 
to describe how a.c. and d.c. electricity is produced. 

● Refer learners back to the prepared studies on the environment and efficiency 
when generating electricity. Encourage them to use this information and carry out 
some more research as part of their own study time, so that they can compare the 
different ways of producing electricity. 

● A visit to an energy company or a visiting speaker from an energy company would help 
to put this topic in context. 

● Remind learners of the practical work they did for Assignment 2 on generating 
electricity.  

● Learners should be able to work practically on using step-up and step-down 
transformers (refer to Nuffieldfoundation.org/practical-physics – this gives the practical 
experiments to carry out). Learners should use the results of these experiments to 
show that they understand how electricity is transmitted to homes and industry. You 
should also discuss with them any energy ‘losses’ during transmission. These ‘losses’ 
can be followed up as part of private study so that learners can explain qualitatively 
how energy ‘losses’ in transmission can be minimised. 

● For more able learners, a quantitative approach using equations is required. You will 
have used equations when doing circuit work, and it will be necessary to reintroduce 
these equations, perhaps with some worked examples, before learners use them to 
assess ‘losses’ in transmission or transformation. 

● Remind learners about the work they carried out to build simple series and parallel 
circuits. When carrying out practical work, learners should be reminded about keeping 
accurate records. They should be able to show that they can  measure current and 
voltage. Also, the learners must show their calculations from primary and secondary data 
for: 

 V = IR; P = VI 
● You must ensure that the learners can predict values by using V = IR. 

Assignment 2: Making Electricity – Really!* 

Learning aim C: Know the components of the Solar System, the way the 
Universe is changing and the methods we use to explore space 

● A visit to an observatory or a visiting astronomer would help to put this topic in context. 
● As an introduction, using visual aids, you and the learners can define the Universe and 

Solar System and its composition. You should provide guidance because there is so 
much data available that the learners will probably be overwhelmed and many of  
them unable to decide which material is relevant. This assignment lends itself to 
model-making and other visual displays without losing the scientific basis of the 
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Unit 3: Energy and Our Universe 
information needed. 

● Card games can be used to match Solar System components and distances. 
● You could start a group discussion on how the Universe began. Numerous ideas will 

arise but, after discussion, you could set learners a homework activity on the Big Bang 
theory to explain the beginning of the Universe. 

● Once the Big Bang theory has been established, it can be used to look at how the 
Universe is changing. Again, discussion backed up by private study will help learners 
towards achieving the intended criteria. 

● The whole of this unit should be based on practical work centred on the principles of 
simple telescopes. Simulation packages available on the internet may be used if access 
to telescopes is not possible. 

● You may decide to introduce the idea of an expanding Universe by showing how 
evidence suggests the galaxies are moving away from us. Practical work and 
simulations on red-shift can underpin this. Many learners will be familiar with the sound 
of an ambulance siren and how its pitch changes as it comes towards, and then moves 
away from the onlooker. This familiar example can be transferred to the red-shift seen 
in galaxies moving away from us. 

● A discussion of the ways of observing the Universe using simulation packages, etc. will 
help learners to understand the variety of methods, apart from telescopes, that can be 
used to observe the Universe. 

Assignment 3: Where Is All that Space?* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications 
● The BTEC Applied Science suite: 

o Unit 1: Principles of Science 

o Unit 5: Applications of Chemical Substances 

Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications 
● The BTEC Applied Science suite: 

o Unit 1: Principles of Science 

o Unit 6: Applications of Physical Science 

o Unit 9: Practical Scientific Project 

o Unit 17: Using Mathematical Tools in Science 

o Unit 20: Exploring Our Universe 

o Unit 21: Electronics in Action 

o Unit 25: World Energy 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
knowledge, publishers are likely to produce Pearson-endorsed textbooks that support 
this unit of the BTEC First in Principles of Science. Check the website 
(www.edexcel.com/resources) for more information as titles achieve endorsement. 

Goodfellow, D., Hocking, S., and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Websites 

www.bbc.co.uk/science/space 
A very good website for teachers and learners; visually excellent with concise 
information. 

www.faulkes-telescope.com 
The Faulkes Telescope can be controlled by learners over the internet; there is a 
Moodle Virtual Learning Environment full of training resources and activities for 
teachers and learners. 

www.gcse.com/energy.htm 
Suitable for learners and teachers to use, with extensive relevant information set out 
clearly under easily accessible headings. 

www.iop.org 
Suitable only for teachers; your links can be used to look at lesson plans and 
approaches to different topics. 

http://www.nuffieldfoundation.org/practical-physics 
Covers the content of this unit for teachers, giving practical experimental details and 
theory work. 
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www.planetary.org 
You should use this site rather than learners; although it is up to date, the articles 
need to be sorted through to find those that match learning aim C. 

www.schoolsobservatory.org.uk 
The National Schools’ Observatory is an internet-based resource providing learners 
with access to a fully robotic telescope. 

www.schoolscience.co.uk 
You should access this site before use by the learner to find information relevant to 
the topics in the unit. 

www.space.com 
You should visit first so that you can direct learners to the areas of interest for this 
unit. 

www.telescope.org 
The Bradford Robotic Telescope is a free resource; there is also a special subscription 
site (schools.telescope.org) that supports both learners and teachers. 

www.telescope.livjm.ac.uk 
The Liverpool Telescope is at Mount Teide in Tenerife and has a live webcam of the 
telescopes, which can sometimes be remotely controlled from the computer being 
used; you should access this before learners use it. 
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Unit 4: Biology and Our Environment 

Delivery guidance 

Approaching the unit 
The unit gives plenty of opportunity for learners to carry out independent research 
using resources such as press articles, relevant textbooks and ICT. Environmental 
departments of local councils or conservation groups can be very accommodating in 
providing materials and guest speakers to enhance teaching. They are eager to 
encourage a greater awareness in the community of local issues and initiatives such 
as pollution monitoring, conservation and recycling schemes. Learners may extend 
their independent work by investigating such schemes, visiting recycling centres or 
carrying out surveys in school or the local community to collect primary data – this 
can be used to enrich learning and encourage access to higher grades. Learners may 
wish to set up their own projects – with guidance – which may involve their peers, or 
to work alongside volunteers who tackle environmental or conservation issues. 

Delivering the learning aims 
You can link learning aim A and learning aim B to cover much of the unit content. 
This teaching should be divided into shorter tasks, with an investigation that covers 
the unit content for A.1 to A.5. Some theoretical input supported by examples (which 
you can give learners or which they can find themselves) would help to guide 
learners and stimulate discussion and ideas that can be developed within their work. 
Tasks may incorporate practical work (for example, analysis of water or soil samples) 
or may involve the collection of data (for example, linking indicator-species 
distribution with levels of pollution in an area). You could extend this with further 
tasks that cover the criteria for learning aim B, where much of the investigative work 
could be focused. 

Learning aim C provides opportunity for learners to practise their practical skills within 
the laboratory – an investigation into the effectiveness of various antibiotics on bacterial 
growth could be carried out to support their study concerning the treatment of disease. 
You could supplement work in this area with input from guest speakers who work in the 
medical profession or environmental health. Many of these professionals are 
knowledgeable about the prevention of disease transmission and could offer information 
enabling learners to fulfil the first three learning aim criteria. Some theoretical input is 
needed to complete learning aim C because learners must understand inheritance 
patterns before they are able to investigate the inheritance of disease. 

This unit requires the learner to approach the concepts through scientific 
investigation wherever possible. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 4: Biology and Our Environment 

Introduction 
This unit could be introduced using video footage, newspaper articles and/or information 
leaflets on various species endangered as a result of human activity. The introduction 
could include a view of the work of the World Wildlife Fund, which is likely to generate 
discussion and debate related to conservation issues and the reasons for species 
becoming endangered. It is likely that the interest of most learners will be stimulated 
more by activities related to endangered animals, although discussion should not be 
limited to this. Some emphasis should also be placed on other endangered organisms, 
such as plants and insects, which play an interdependent role in the environment and in 
the survival of other living things. 

Learning aim A: Investigate the relationships that different organisms have with 
each other and with their environment 

● A visit from an environmental officer would help to put this topic into context. 
● Sets of cards can be used to match different organisms with their adaptations and their 

environment, to inform learners of the specific features of living organisms that enable 
them to survive in particular habitats. One set of cards could have pictures or 
photographs of different organisms that could then be used later to construct 
identification keys. 

● Short video clips may also be useful in enabling learners to see how specific 
adaptations of organisms are put to the test in their quest for survival. Learners could 
investigate the distribution of species, and use cameras to photograph organisms to 
produce a report of their adaptations and habitats. There is scope to use sampling 
equipment such as quadrats and pitfall traps, which are useful in determining the 
number and types of organisms found in various habitats. 

● You will need to support learners in their understanding of the influence of genes and 
the environment on characteristics. More able learners will be expected to show a good 
understanding of the link between genetic and environmental characteristics and how 
these are involved in driving the evolution or extinction of species. Particular examples 
may be given to learners to develop their understanding of the evolutionary process, 
such as the evolution of the horse or Darwin’s finches, the concepts of which they can 
then apply to other species in the work that they produce. Details of natural selection 
as part of the evolutionary process will be expected, and learners will also be expected 
to show some understanding of how gene mutation can bring about evolution. This 
work would link to part of the content for learning aim C, where they learn about 
antibiotic-resistant bacteria. 

● To help learners develop their own keys, it may be helpful for them to work initially in 
pairs, or as a whole group, to work through a sorting activity that will encourage the 
use of a range of different questions that can be used to identify particular objects. For 
example, pictures of different coins or flags are easily obtainable and will help learners 
to look at the different features that distinguish each one. Use can be made of the 
material that the learners have already gathered to construct identification keys, 
although such keys can be independent of the work already carried out to meet this 
learning aim. Photographs and pictures can easily be obtained from various websites to 
enable learners to construct valid keys that distinguish different organisms from each 
other. Learners should be encouraged to use a range of valid questions in their keys, 
rather than focusing on a particular feature such as colour. The identification keys 
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Unit 4: Biology and Our Environment 
constructed by learners may be used as classroom displays that could support other 
teaching groups in their learning. 

● The work that learners carry out on interdependence should not be restricted to feeding 
relationships. The idea of food chains and food webs is a starting point that many 
learners are likely to be familiar with, but the idea of interdependence in other 
situations, such as production of oxygen by plants for use by humans or mutualistic 
relationships, should be explored and incorporated into the work that learners produce. 
A fun starter activity that encourages all learners to think about feeding relationships is 
to ask what he or she had for dinner the night before, and to build up a food web from 
this on the board as a whole-class activity. This could lead into all learners building up 
their own food webs based on what they, themselves, had eaten. Alternatively, 
learners could research a particular habitat and construct a presentation to show how 
organisms within the chosen habitat show interdependence. 

Assignment 1: Threat to the Ecosystem* 

Learning aim B: Demonstrate an understanding of the effects of human activity 
on the environment and how these effects can be measured 

● You could introduce this learning aim by illustrating the impact that various human 
activities have on the environment. There are some particularly informative video clips 
available, such as those in the BBC Learning Zone, that can be used as starter activities 
to stimulate discussion and set minds thinking about the consequences of destructive 
human activities. Learners could carry out research on the scale of deforestation over a 
period of time, and the effect that this has had on local climate change and species 
survival (referring back to the work completed in Assignment 1). 

● Learners could link their research to an increase in demand for farmland and 
agriculture, and to how the use of chemicals such as fertilisers and pesticides has led to 
pollution of land and the death of organisms. Examples of the effects of such chemicals 
can be given, such as the massive destruction caused by the post-war use of DDT. This 
example, in particular, will help learners to understand the bio-accumulative effect that 
some pesticides can have. Use of extracts from the book Silent Spring by Rachel 
Carson may provide stimulating material, as well as being a literacy activity that 
learners can use. Learners are likely to need your support in their work on 
eutrophication and how this process leads to oxygen depletion in waterways. Again, 
specific examples can be visualised using images, animations or videos from various 
websites. Learners will be expected to show an understanding of the exact cause of 
oxygen depletion, and that eutrophication, as a result of excessive fertiliser use, is only 
the ignition that starts off the series of events leading to the death of aquatic 
organisms. 

● Learners will not be expected to give a detailed account of how transport has led to an 
increase in pollution, although they should show an understanding of the consequences 
that an increase in the burning of fuel can have on the environment. Learners will 
produce work showing evidence that they understand the link between an increase in 
demand for food and the land to grow crops to an increase in the transporting of food 
from country to country. Learners should also be aware of the pollution caused by 
transport used by both the private and business sectors. There is plenty of opportunity 
to demonstrate mathematical and analytical skills in this context because learners 
could analyse and evaluate data provided by travel agents and flight companies on how 
the extent of travel has changed in recent years. 

● Learners could be introduced to practical work that involves an investigation of the 
distribution of indicator species, if the local environment permits. Sampling pond or 
river water for indicator species or oxygen concentration using probes, or estimating 
the size of lichen populations at determined locations, provides good evidence of the 
levels of pollution. If the environment is unsuitable for sampling, learners should be 
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Unit 4: Biology and Our Environment 
given the opportunity to develop their analytical skills using secondary data, either 
provided for them or obtained using information provided by local government, the 
environment agency or other sources available on the internet. The local council 
environmental department may be able to provide a guest speaker who could present 
information on the work carried out in the local community. Learners could prepare for 
such an activity by constructing questionnaires based on the criteria for this learning 
aim. 

● Learners are likely to be familiar with local and national government drives on 
conservation techniques such as recycling. Again, by giving details on their short- and 
long-term impact on the local environment, the local council can provide information 
ranging from the reasons why conservation and pollution reduction methods are 
imposed to their success rate. Learners could set up their own recycling projects 
involving other members of the school and the local community, although their time 
should not be entirely focused on this particular technique. More able learners should 
be encouraged to use questioning or other techniques to extract information that will 
enable them to evaluate local and national conservation initiatives such as recycling. 
Clear details of this, including data analysis to support their evaluation, will be evident 
in the work that they produce. 

● It may be possible for learners to visit a local zoo or small animal park to learn about 
breeding programmes. If this is not possible, learners could be referred back to the 
work on endangered species carried out for learning aim A, and extend this work to 
include details about plant and animal conservation breeding programmes, using 
information obtained from websites. Real-life examples should be included in this work 
and, if it is not possible to organise a visit, then the websites of many British zoos 
provide information on the conservation programmes that they run. 

● Learners should provide evidence and an argument for and against the use of organic 
fertilisers and biological pest control, as opposed to traditional methods of growing 
crops. There are likely to be many organic farmers in the locality who may be prepared 
to discuss their reasons for organic farming with learners. Learners could carry out 
work independently on the popularity of organic food and visit local supermarkets to 
collect information as part of a homework activity. This should be pre-organised, 
although learners could develop their communication skills by writing or telephoning 
local companies to request a guided visit. 

● The use of solar panels is becoming very popular and any school undergoing a 
refurbishment or rebuild is likely to have considered this option as a method of 
generating energy. This would provide an excellent opportunity for learners to speak to 
members of staff involved in the school design and to find out the reasons for 
considering this alternative energy resource. Alternatively, companies that specialise in 
renewable energy resources might be willing to visit the school to give a presentation 
to learners on the advantages and disadvantages of using renewable energy resources. 
It is expected that learners will demonstrate some understanding of a variety of 
renewable energy resources, although they may focus attention on one type of 
resource to give more detailed information, with less detail given for other resources 
that have been mentioned in their work. This work could be presented as a report or as 
a presentation, using information collected first-hand or from research carried out with 
relevant companies or websites. 

Assignment 2: Advising Industry About Impact on Ecosystems* 

Learning aim C: Explore the factors that affect human health 

● A visit to a hospital pharmaceutical department or a visit by a pharmacist would help to 
put this topic into context. 
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● A presentation, as a starter activity, showing images of various human diseases is  

very likely to stimulate discussion and interest, although the images used should be 
chosen carefully. This could lead to a discussion on the causes of disease covering 
details that could direct learners’ thinking towards lifestyle choices such as smoking 
and misuse of drugs. 

● Learners may need guidance on the biological causes of disease, although this work 
can be carried out independently as part of a research activity. Learners will be 
expected to know how pathogens disrupt human health, and to be able to describe at 
least two diseases for each pathogen (viruses and bacteria) and their symptoms. In 
addition to this, learners could extend their research to cover the influence of 
carcinogens on health, including the effects of alcohol on the liver and the nervous 
system. There is opportunity here for learners to develop their mathematical skills by 
analysing data on the correlation between liver disease and alcohol consumption, or 
between smoking and lung cancer. 

● To understand the effects of diet on health, learners may need theoretical input, either 
from you or from another qualified professional, for example a dietician, who could 
provide learners with nutritional information. Learners should be able to link deficiency 
diseases with a lack of particular nutrients in the diet – for example, scurvy as a result 
of vitamin C deficiency – but may also focus some of their attention on unbalanced 
diets leading to disorders such as obesity and the health problems it can cause. 

● Learners should be able to show evidence of their understanding of adequate exercise in 
maintaining good health. Information could be collected through exercise-related surveys 
constructed by learners, although these should be carefully worded to ensure that relevant 
and adequate details are obtained from the subjects of the survey. The information 
collected through surveys could be supported by secondary source data obtained from 
websites, such as recommended exercise programmes for specific individuals. Learners 
could conclude their work in this area by devising diet and exercise programmes, or 
evaluating the appropriateness of the exercise regimes of the people surveyed. 

● Some learners will find the concept of inheritance difficult and strategies should be 
implemented to help them to overcome this challenge and to help more able learners 
to gain an understanding of pedigree analysis. The use of examples such as the 
inheritance of cystic fibrosis or sickle cell anaemia, and going through these with the 
class as a whole, will initially provide some learners with direction – additional support 
may be provided using worksheets and other resources, such as videos. Learners 
should become familiar with how some diseases are inherited, with the more able 
learners identifying dominant and homozygous recessive disorders, giving details in 
their work on inheritance patterns. Learners may present their work on the causes of 
disease, including genetic disease and lifestyle, as a presentation or as an information 
leaflet that could be used by others in helping them to make lifestyle choices. 

● Learners should be given the opportunity to develop their practical skills by 
investigating the effect of different antibiotics on the growth of bacteria. The results of 
such an investigation should give learners an insight into the use of different antibiotics 
to treat particular infections. If practical work is inappropriate, learners should have 
access to secondary data that give the results of similar experimental work. They 
should use this to carry out an analysis on the effect of antibiotics on bacterial growth 
and make a conclusion regarding the best use of particular antibiotics to treat infection. 
Investigative work can lead to discussion about the advantages and disadvantages of 
widespread antibiotic use and, for more able learners, the rise of antibiotic-resistant 
bacteria and associated problems. 

● All learners will be expected to understand at least one treatment regime used to 
control infection, with details given on how the use of antibiotics must be guided by 
professional advice. Learners should also be familiar with disease prevention 
programmes – namely vaccinations – and how these are carried out in order to prevent 
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the spread of disease. Learners may focus their attention on one particular 
preventative measure, such as the vaccination programmes available for childhood 
diseases including measles, mumps and rubella, with more able learners extending 
their work to research the advantages and disadvantages of such programmes. 
Although the way that learners present this work is flexible, it may be that the 
information they collect in relation to the prevention and treatment of disease can be 
included in the work produced earlier on the causes of disease. 

Assignment 3: Improving the Use of Medicines* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications 
● The BTEC Applied Science suite: 

o Unit 1: Principles of Science 

o Unit 7: Health Applications of Life Science 

o Unit 8: Scientific Skills 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
knowledge, publishers are likely to produce Pearson-endorsed textbooks that support 
this unit of the BTEC First in Principles of Science. Check the website 
(www.edexcel.com/resources) for more information as titles achieve endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Websites 

http://www.nuffieldfoundation.org/practical-biology 
Covers the content of this unit for teachers, giving practical experimental details and 
theory work. 

www.environment-agency.gov.uk 
Information and advice on the effects of human activities and pollution on the 
environment. 

www.hpa.org.uk 
The Health Protection Agency website gives information on their role to protect the 
community from infectious diseases. 

kidshealth.org/teen/your_body/health_basics/genes_genetic_disorders.html 
Learner friendly website containing details about genes and genetic diseases. 

www.medicinenet.com/genetic_disease/article.htm 
Information on genetic diseases, including cystic fibrosis and sickle cell anaemia. 

www.recycling-guide.org.uk 
Learner friendly website encouraging recycling, including why it is important and 
where and how you can do it. 

www.talktofrank.com 
Drug information and advisory service 

www.who.int/mediacentre/factsheets/fs313/en/index.html 
The World Health Organisation provides information about air quality and the effect it 
has on health. 

www.who.int/topics/infectious_diseases/factsheets/en/index.html 
The World Health Organisation gives key facts, signs and symptoms, prevention and 
treatment information on infectious diseases. 
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Unit 5: Applications of Chemical Substances 

Delivery guidance 

Approaching the unit 
For this unit, the general approach should involve as much practical work as possible. 
However, learners are also expected to carry out research using books and internet 
sources, particularly in relation to: 

● distillation of crude oil 

● uses of organic chemicals 

● nanotechnology and new materials. 

It is advisable for you to identify a list of websites that have suitable language and 
content. There is scope for learners to present their work in the form of practical 
reports, leaflets or posters. 

Delivering the learning aims 
For learning aim A learners are expected to carry out practical work when 
investigating exothermic and endothermic reactions. This will involve them 
measuring temperature changes when, for example: 

● anhydrous sodium carbonate and ammonium chloride are added to water 

● water is heated by a combustion reaction 

● a neutralisation reaction is carried out. 

You must take into account the ability of your learners when planning the work, and 
take appropriate safety precautions. It may be appropriate to give learners a booklet 
containing the tasks associated with the learning outcome.  

Learners should: 

● explain the heat/enthalpy changes associated with bond-making and bond-
breaking 

● determine the amount of heat energy absorbed by water in a reaction 

● interpret simple energy profile diagrams. 

Learning aim B is concerned with organic compounds. There are a number of books and 
internet sites to support a learner’s investigation of the distillation of crude oil and the uses 
of the fractions. You should plan this topic carefully to ensure that there is an appropriate 
level of explanation and the inclusion of a variety of activities. As many organic 
compounds are harmful by skin absorption or inhalation and because many reagents are 
toxic, there should be a high level of supervision when conducting practical work.  

Learners could: 

● draw, and make models of, organic molecules - some learners may enjoy using 
molecular drawing software  

● prepare ethanol by fermentation in the laboratory, using limewater to detect the 
carbon dioxide produced  

● watch a demonstration of the distillation of the alcohol mixture and link the 
technique back to distillation of crude oil  
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● carry out practical work to identify organic compounds. Quantities used should 
be as small as possible – drops of liquid rather than cm3. 

The focus of learning aim C is on innovations in chemistry. As with the research on 
the uses of organic chemicals, the work on nanotechnology and new materials should 
be planned carefully to ensure that the learners are interested in, and excited by, the 
scope of the innovations. Once again, an appropriate range of activities should be 
used for delivery: 

● games 

● card-sort activities 

● small groups researching and presenting a topic on a class timeline. 

Learners could: 

● research the uses of nanoparticles 

● discuss the advantages and problems associated with nanoparticles. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 5: Applications of Chemical Substances 

Introduction 
This unit builds on some of the basic concepts in Units 1 and 2 in relation to bonding and 
chemical reactions. You will look at: 
● exothermic and endothermic reactions, relating these to making and breaking bonds 
● the extraction, use and environmental impact of organic compounds, studying the 

structure, reactions and uses of some important organic chemicals 
● new materials including composite materials, smart materials and nanoparticles. 

Learning aim A: Investigate and understand enthalpy changes associated with 
chemical reactions 

● A visiting speaker from industry could be asked to give a talk on exothermic and 
endothermic reactions. This would help to put this topic into context. 

● You should remind learners how temperature is measured and the units of 
temperature. Use a large diagram of a thermometer to explore terminology such as 
increase in temperature (positive temperature change) and decrease in temperature 
(negative temperature change). Learners should carry out a practical activity such as 
dissolving anhydrous sodium carbonate in water and dissolving ammonium chloride 
in water, noting the temperatures before and after the change. You could explore 
with learners the fact that the reactions are happening in the water and the concept 
of the water being the ‘surroundings’ of the reaction, able to absorb the heat from an 
exothermic reaction and supply heat for an endothermic reaction. 

● A card-sort activity could be useful to ensure that learners know that exothermic 
reactions give out heat to their surroundings and result in an increase in temperature 
(positive temperature change) of the water, whereas endothermic reactions take in 
heat from their surroundings and are associated with a decrease in temperature 
(negative temperature change). This activity can be extended to include the fact that 
exothermic reactions have a negative enthalpy change (H negative), whereas 
endothermic reactions have a positive enthalpy change (H positive). 

● You should introduce the idea of an energy profile over the course of a reaction, 
showing clearly the starting energy of the reactants, the final energy of the products 
and the overall sign associated with the enthalpy change for exothermic and for 
endothermic reactions. When reactions happen, they involve breaking bonds and 
making new bonds. You should relate this to the need to supply energy to break 
bonds and that energy is released when new bonds are made. Learners should 
explore the differences in bond making and breaking energies on the overall sign of 
the enthalpy change. This could be carried out with real examples, or with 
hypothetical examples with energy values that are easier for learners to process. 

● Learners will produce reports of practical work and provide associated explanations 
which cover the criteria. 

Assignment 1: Hot or Cold?* 

Learning aim B: Investigate organic compounds used in society 

● A visit to a refinery or from a representative of the petrochemical industry could help 
to put this topic into context. 
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Unit 5: Applications of Chemical Substances 
● Learners are likely to be familiar with water boiling and escaping into the 

atmosphere. Water could be gently boiled from a flask or boiling tube with a delivery 
tube fitted. They could be asked where the water was going and invited to suggest 
how it could be condensed back to water. You could demonstrate the distillation of an 
aqueous solution with a condenser to show that it is possible to turn the vapour back 
into a liquid. The equipment should include a thermometer to make it clear how the 
boiling point of the water can be measured. 

● A second liquid with a different boiling point could be distilled and the temperature 
on the thermometer noted. Learners could speculate on what would happen if water 
was mixed with the liquid with a different boiling point – which liquid will boil first? As 
the physical chemistry of binary mixtures is quite complex, it is not advisable to 
attempt to demonstrate, for example, separation of water and methanol using simple 
distillation. 

● Fractional distillation can be demonstrated to illustrate the use of a fractionating 
column. Some separation of water and methanol may be achieved by this method. 
Separation of petroleum fractions is also possible. You may have access to bubble-
cap distillation equipment. Video clips of demonstrations are particularly useful when 
time is short and a class is large. There are video clips on the internet that will 
illustrate the concepts. You should not spend too long on demonstrations – the key 
point is that different liquids have different boiling points and may be separated 
using fractional distillation. Learners could be given a list of hydrocarbons along with 
their boiling points and be asked to predict which will distil over first during fractional 
distillation. 

● Learners could be shown an animation of the fractional distillation of crude oil. They 
should then be directed to suitable websites to find information about the uses of the 
fractions, and of the gases propane and butane. You should encourage learners to 
draw conclusions about the length of the hydrocarbon molecule chain in relation to 
the boiling point of the fraction. They should be encouraged to make notes, or be 
given tables or writing frames to record information. Learners should compile a 
report on fractional distillation of crude oil, the uses of the fractions and the boiling 
ranges of the fractions. Learners could produce a report with diagrams. They should 
be discouraged from simply cutting and pasting from the internet. 

● Learning about the boiling ranges of fractions and their uses may be reinforced by a 
drag-and-drop exercise, a card-sort activity or a domino game. 

● A visiting analytical chemist from industry or a visit to a waste management company 
would help to put this topic into context. 

● Learners will recall that atoms may bond together using ionic bonds and/or covalent 
bonds. The covalent bonding in a molecule of methane should be explained. Learners 
should draw bonding diagrams. You should explain that methane may also be 
represented, in two dimensions, using lines to represent shared pairs of electrons. 
Learners should make a model of a methane molecule in order to understand its three-
dimensional shape, and understand that the bonds are arranged at the tetrahedral angle 
to ensure that they are as far apart from one other as possible. 

● Learners should be shown the two-dimensional displayed formula of ethane and make a 
model of the molecule. They should be encouraged to draw displayed formulae of alkanes 
with increasing numbers of carbon atoms. Some learners may work out that chain isomers 
are possible. This should be encouraged, but it should not be taught to everyone. Learners 
should be introduced to shortened structural formulae. However, this will confuse less able 
learners and so for some groups it may be inappropriate. 

● Learners should be introduced to the existence of carbon-to-carbon double bonds in 
alkenes and should draw and make models of simple alkenes. Ethanol, ethanoic acid and 
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Unit 5: Applications of Chemical Substances 
chloromethanes should be introduced as examples of functional group compounds. 
Learners should draw two-dimensional displayed formulae of these compounds. It should 
be made clear that each carbon atom should have four bonds to other atoms, oxygen 
atoms two bonds to other atoms, and chlorine and hydrogen atoms one bond to other 
atoms. More able learners could research, or be shown, other ways of representing 
organic molecules in two or three dimensions. 

● You should encourage learners to discuss the importance of being able to distinguish 
between different classes of organic compounds. 

● You should demonstrate or prepare a video illustrating how alkanes and alkenes can be 
distinguished by their reactions with bromine water. This should show the way the 
reactions are to be carried out safely by the learner. If there are level 2 learners in the 
group, the reaction of ethanoic acid with sodium carbonate solution should also be 
demonstrated. If the group contains more able learners, the demonstration should include 
showing the solubility of a liquid alkane, a liquid alkene, ethanoic acid and ethanol in 
water. Learners should see that the alkane and alkene form a separate phase on the 
surface of the water. The oxidation of ethanol with acidified potassium dichromate solution 
should be demonstrated. 

● More able learners could prepare a flowchart showing how they would distinguish between 
an alkane, an alkene, a carboxylic acid and an alcohol. They could have this flowchart 
checked before being allowed to carry out tests on the four classes of compounds on a 
micro scale (for safety reasons). Alternatively they could be given a flowchart to follow. 
Less able learners should be given appropriate task sheets to follow. The compounds 
should be treated as unknown substances. Learners should write a brief report on the 
practical work, explaining how to distinguish between the chemicals. 

● Individual pairs or groups should make models of ethene and chloroethene 
molecules. These could be joined together to make the polymers poly(ethene) and 
poly(vinyl chloride) (PVC). 

● As a class, discuss the uses, benefits and drawbacks of using organic chemicals.  
● You should direct learners to suitable textbooks or websites to research the uses of 

ethene, ethanol, ethanoic acid, dichloromethane, poly(ethene) and poly(vinyl 
chloride) and poly(tetrafluoroethene) (PTFE). Learners should make notes about the 
uses of the chemicals. They should prepare an illustrated report on the uses of the 
specific organic chemicals studied. 

● Learners should be made aware that many organic chemicals have detrimental effects 
on human health. It is advisable for learners to find, or be given, information on 
specific compounds as case studies, rather than to treat all organic compounds in the 
same way. Learners should be made aware that some compounds are hazardous to 
human health, others to the environment and some to both human health and the 
environment. 

● Extensive research has been carried out on the benefits and problems of PVC. It is 
therefore useful as a case study of an organic compound. You should provide study 
material (for example text articles, videos, websites) at a suitable level on the 
advantages and disadvantages of using PVC (plasticised and unplasticised). Study 
material should include information about the potential for burning PVC to form 
dioxins, the potential harmful effects of plasticisers, and the low cost and versatility 
of PVC. Groups of learners should be encouraged to make a case in favour of, or 
against, the use of PVC. Learners should be encouraged to summarise the main 
points emerging from their research and the research of others in a suitable writing 
frame. 

● Introduce the non-stick properties of PTFE, potential ozone layer depletion and its 
global warming effects, trifluoroethanoic acid and other chemicals produced from the 
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Unit 5: Applications of Chemical Substances 
degradation of PTFE and chlorofluorocarbons. You should also make learners aware 
of the persistence of these compounds in the environment. 

● Learners should write about the problems of using some organic compounds and 
evaluate whether the benefits outweigh the risks using one specific example, such as 
PVC or PTFE. 

Assignment 2: The Importance of the Fractions of Crude Oil* 

Learning aim C: Explore the uses of nanochemicals and new materials 

● A visit by a materials scientist from a university or a research department would help 
to put this topic into context. 

● Small groups of learners research one new material – when it was introduced, what it 
is and what it is used for. Materials should be selected that are relevant to the 
learners and include polymers, composites, nanochemicals and smart materials. The 
groups should present the information (oral presentation with notes or a poster 
presentation). 

● You should initiate a problem-solving task looking at why smart materials, 
nanochemicals and one other type of new material are used. You should supply 
enough information to support the task to ensure that learners are using material at 
the correct level and with enough detail. 

● You should supply relevant information – for example, articles about the concerns 
about using nanochemicals and the benefits of using nanoparticles. Learners should 
work in groups to prepare a poster showing the advantages and disadvantages of 
using nanotechnology. Individual learners should then present what they have 
learned about the pros and cons. Learners should debate or discuss the advantages 
of using nanotechnology, and collate the information in the form of a leaflet or 
report. 

Assignment 3: New Materials that Change the Way We Live* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications 
● The BTEC Applied Science suite: 

o Unit 1: Principles of Science 

o Unit 2: Chemistry and Our Earth 

o Unit 8: Scientific Skills 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE 
Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Application of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve 
endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Understanding Nanotechnology (Science Made Accessible), Scientific American 2003 
(ISBN 978-0-446-67956-5) – an overview of nanotechnology 

Videos 

www.youtube.com/watch?v=hp7IGDIZVHw 
The benefits of plasticisers in relation to the motor industry. 

www.youtube.com/watch?v=p6FUZ535QW8 
Concerns about plasticisers 

www.youtube.com/watch?v=tI9Ob4pqDgA 
Benefits of PVC 

www.youtube.com/watch?v=Qcrrve05WBE 
Advantages and disadvantages of PVC 

www.youtube.com/watch?v=i6n8cpLKzHE 
One of a series of videos about smart materials 

Websites 

www.bbc.co.uk/schools/gcsebitesize/science/edexcel/ 
An introduction to all the topics 

www.crnano.org/whatis.htm 
An outline of stages in uses of nanotechnology. 

www.explainthatstuff.com/nanotechnologyforkids.html 
Information about the history, use and future of nanotechnology. 

www.rsc.org/images/nanotechnology_tcm18-34246.pdf 
A review of issues associated with nanotechnology. 

www.rsc.org/Chemsoc/Chembytes/HotTopics/Nanotechnology 
The Royal Society of Chemistry’s nanotechnology website. 

search.choice.com.au/search?w=PVC 
The use of plasticised PVC raises concerns about plasticisers. 
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Unit 6: Applications of Physical Science 

Delivery guidance 

Approaching the unit 
This is a practical unit that requires learners to investigate a range of physical 
science concepts. It builds on and extends the material covered during Units 1 and 3. 
Most of the assessment for this unit requires learners to plan, carry out and evaluate 
investigations. It is essential that learners are given guidance and support in order to 
develop their experimental technique and gain the appropriate skills to carry out 
investigations at the required level. 

Through the delivery of this unit, you have the opportunity to introduce learners to a wide 
range of experimental techniques that will enable physical science concepts to be 
investigated. You should ensure that the appropriate range and quantity of equipment is 
available for learners. For each of the leaning aims, learners need to be sufficiently 
confident with the physical science content and requirements of the practical investigation. 

Delivering the learning aims 
Learning aim A introduces learners to the concepts of motion. Where possible, 
investigations should relate to real-life applications.  

Learners could:  

● investigate which combination of applied force and trolley mass causes the 
largest acceleration using an air track - measurements can be made using ticker 
timers, electronic light gates or data loggers  

● process the data obtained from experiments graphically before applying the 
principles to the motion of motor vehicles. 

Learning aim B introduces the concept of forces. As in the previous aim, the 
application of real-life concepts will help to give the unit relevance.  

Learners could: 

● investigate the type of tyre that provides the most friction  

● calculate the force and the energy transformed when a car skids to a halt. 

Learning aim C looks at light and sound waves.  

Learners could: 

● investigate what happens when light waves are incident on mirrors and lenses 

● investigate the use of mirrors in road safety applications, and how optical lenses 
are used to correct vision problems  

● research the use of sound waves describing their application, such as using 
ultrasound in medical applications and sonar. 

Learning aim D involves electricity.  

Learners could: 

● investigate the voltage and current in both series and parallel circuits, possibly 
using Christmas tree lights as a starting point 

● look at how a light-dependent resistor is used to operate a security light, 
measuring its voltage and current characteristics at different light levels. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 6: Application of Physical Science 

Introduction 
You could introduce this unit by linking the relevant physical science concepts to a 
common application that is stimulating for learners. You should ensure that sufficient 
practical equipment is available and that learners are responsible for planning, carrying 
out and evaluating their investigations. 
The intention of this unit is for learners to be able to understand where physical science 
applies in everyday life. You should endeavour to link concepts being learned to everyday 
examples – this will help to make the learning relevant to the learners and encourage 
progression to higher grades. 
Where possible, the evidence from practical work should be used to help learners to achieve 
the assessment criteria, using observations as a basis for the calculations and the 
explanations needed to achieve the higher grades. You should prepare practical observation 
sheets for use as the experiments are carried out, if evidence of such work is needed.  

Learning aim A: Investigate motion 

● Revise applications of motion, including how to measure the speed of an object and 
the graphical representation of motion. 

● Learners should investigate how to measure the speed and velocity of an object by 
taking measurements of distance travelled/displacement and time taken. This could 
be achieved using ticker timers, electronic light gates or an automated data logger 
connected to a computer. The speed and/or velocity of the object can be calculated 
from this. 

● Learners need to be confident drawing and using distance–time and velocity–time 
graphs, both plotting from experimental data and interpreting. Some learners will 
need considerable help. The highest achieving learners must be able to calculate the 
gradient of these graphs and calculate secondary information. 

● Learners should be confident when identifying different forms of energy. A card- 
matching game could be used as an initial revision stimulus. 

● Energy changes should be investigated and simple calculations performed. Learners 
should be given the opportunity to experiment in the laboratory with everyday 
objects, identifying energy changes. To perform calculations, they could use 
examples such as the gravitational energy to kinetic energy changes in a roller 
coaster. The highest achieving learners must be able to link the concept of kinetic 
energy to the braking distance of a car, using the concept of kinetic energy to explain 
why there is not a linear relationship between speed and braking distance. 

● The selection of experiments that demonstrate energy changes could include: 
o a wind-up toy 
o a simple circuit to illuminate a light bulb 
o a motor used to ‘winch’ a small mass 
o a pendulum. 

Assignment 1: How Speed Cameras Can Be Used to Improve Road Safety* 
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Learning aim B: Investigate forces 

● You could introduce this topic with a revision activity on the forces that act on stationary 
and moving objects. A simple card-matching game could be used as a stimulus. 

● To introduce the concept of friction, an experiment to determine which type of cycle 
tyre offers the most grip will provide relevant stimulus to learners. Following this, a 
group discussion could take place about the differing effects of friction on stationary 
and moving objects. 

● Learners should also conduct experiments to demonstrate the following equations: 
 work done (J) = force (N) × distance (m) 
 force (N) = mass (kg) × acceleration (m/s2). 

Learners should have access to a frictionless track to complete this activity 
effectively. 

● You should ensure that learners are confident when identifying and describing forces 
on objects in different conditions. Cars and aeroplanes are examples that could be 
used to identify the forces acting during steady speed, acceleration and deceleration. 
Learners could also investigate the forces on parachutists at different stages of their 
descent, or the forces on a rocket at various stages of flight. 

Assignment 2: Investigating Forces* 

Learning aim C: Investigate light and sound waves 

● You could introduce this topic by giving learners an opportunity to investigate how lenses 
and mirrors affect rays of light. Convex and concave lenses along with glass blocks and 
mirrors should be available for investigation. These experiments could be followed by class 
or group discussions about the laws of reflection and refraction. Some learners will need 
considerable help with refraction – pupil modelling could help in reinforcing this topic 
further. 

● Learners should investigate the link between the shape of a lens and its focal length 
by carrying out experiments in small groups and discussing the results. 

● Learners should be able to work independently to draw, describe and explain ray 
diagrams from experiments and relate these to real-life applications. Examples could 
include car mirrors, periscopes and telescopes. 

● A good homework activity would be for learners to research how mirrors are used in 
road safety. 

● A visit by a university research department or a materials scientist would help to put 
this topic into context. 

● Learners should understand practical uses of sound waves. Applications including 
communication, ultrasonic imaging and cleaning could be set as a research task. 
Learners should be able to describe a sound wave accurately using the terms 
amplitude, frequency and wavelength. Class experiments with large springs could be 
used to help reinforce these concepts. 

● You should ensure that a selection of stimulus material is available and that the 
material is of appropriate ability for level 1 and level 2 learners. 

Assignment 3: Applications of Sound and Light* 

Learning aim D: Investigate electricity 

● Electricity is best introduced by allowing learners the opportunity to build series 
circuits and parallel circuits measuring values of voltage and current at different 
points. Worksheets should be provided to guide learners towards the required circuit 
designs. The idea of resistance is best introduced by building circuits with different-
voltage light bulbs in parallel with the cells. With guidance, learners should be able to 
make links between voltage, current and resistance. You should guide learners 
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Unit 6: Application of Physical Science 
through worked examples of resistance calculations carefully. 

● Measure the resistance of filament bulbs using an ammeter and a voltmeter – 
practise using the equation R = V/I 

● The varying resistance with temperature of a filament light bulb would make an ideal 
basis for an investigation. You should prepare practical observation sheets for use as 
the experiments are being carried out. Learners should apply the results of their 
investigation to everyday situations for the highest grades, answering questions such 
as, why does a filament light bulb usually fail when it is first switched on? Why is the 
resistance of a light bulb when measured with a multimeter not consistent with the 
values of voltage and current when it is operating normally? 

● Review the ideas about voltage, current and resistance using practical examples or a 
card-matching game. Stimulus ideas for thermistors and light-dependant resistors 
could include ‘security lights’ and thermostat controls on simple kitchen appliances. 
You should ensure that learners are aware of the resistance characteristics of the 
components. 

● You could set learners tasks such as: 
o design a circuit that alerts you that a refrigerator is too warm 
o design a circuit that informs you that it is sunny, so that you can switch on solar 

panels. 
● Learners could design an appropriate circuit and calculate the resistance at regular 

points in the experiment. The highest-attaining learners must evaluate the 
investigation suggesting improvements, possibly by adding the facility of calibrating 
the circuit so that it switches at a particular temperature or light level. 

Assignment 4: Circuits and Components* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications 
● The BTEC Applied Science suite: 

o Unit 1: Principles of Science 

o Unit 3: Energy and Our Universe 

o Unit 8: Scientific Skills 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE 
Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Application of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve 
endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Journals 

Focus Magazine 
A monthly basic science magazine produced by the BBC with articles that will 
stimulate and inspire learners. 

Videos 

Richard Hammond’s Engineering Connections; Series 3, Episode 2, Formula 1 Car 
Explains some of the physics principles behind a Formula 1 racing car. 

Websites 

http://www.nuffieldfoundation.org/practical-physics 
Covers the content of this unit for teachers, giving practical experimental details and 
theory work; could be used by learners. 
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Unit 7: Health Applications of Life Science 

Delivery guidance 

Approaching the unit 
This unit develops learners’ understanding of the concept of a healthy lifestyle and how 
certain preventative measures and treatments can be used to maintain healthy living. 
Learners should be given sufficient opportunity to develop understanding and skills 
through the use of laboratory facilities for practical work. Access to computer facilities 
will allow learners to conduct relevant research and access appropriate simulations. 

Delivering the learning aims 
For learning aim A you should: 

● allow learners to explore the concept of a healthy, balanced diet and discuss 
possible outcomes of dietary imbalance 

● compare the dietary requirements of different age groups 

● undertake practical activities to test foods qualitatively for the presence of 
nutrients 

● undertake practical activities that clearly demonstrate the effect of exercise on 
the cardiovascular system 

● use findings from practical investigations and further research from books and 
the internet to get learners to discuss the positive effects of exercise on the 
health of the human body 

● develop learners’ understanding by discussing how relevant agencies are 
educating the population to promote and improve healthy lifestyles – for 
example, food pyramids, ‘5-a-day’, stopping smoking and alcohol intake. 

Learning aim B focuses on how the immune system and screening programmes are 
used to support healthy living. Through your teaching, and the use of suitable 
educational DVDs and independent learner research, learners should: 

● develop an understanding of the principles of the immune system 

● research vaccination programmes – such as those used for MMR and HPV – and 
analyse the incidence of disorder when vaccination has occurred, comparing this 
to when vaccination has not occurred 

● understand the advantages and disadvantages of vaccination 

● be able to explain the advantages and disadvantages of screening programmes 
(learners do not need to study screening programmes beyond those identified). 

Learning aim C will allow learners to: 

● explore the use, and potential consequences of misuse, of identified simple 
treatments 

● understand the use of antibiotics and how overuse has seen the evolution of 
antibiotic-drug resistance – learners could discuss MRSA as an example of how 
antibiotic resistance has emerged and developed 

● undertake practical investigations into the efficacy of antibiotics 

● know the principles of anti-fungal and antiviral treatments 
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● link suggested disorders to their drug treatments, applying knowledge of how a 
treatment works, and the advantages and disadvantages of specific treatments 

● understand the use of simple analgesics (for example, paracetamol), along with 
potential consequences of their misuse (for example, liver damage) 

● understand the principles and uses of blood grouping, blood transfusion and 
organ donation 

● understand that newer treatments – such as stem cell therapy – are available; 
research into the current applications of stem cell therapy could be used in a 
discussion about its uses. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 7: Health Applications of Life Science 

Introduction 
You could introduce the assignments for this unit by providing learners with a series of 
case studies on a range of health issues appropriate to the unit content. From the case 
studies provided, learners could investigate, by way of discussion and research, possible 
reasons for the disorders and some screening and treatment processes available to the 
public. Your teaching should include relevant practical activities to allow learners to 
explore and understand the principles of the topics included in the unit content. 

Learning aim A: Investigate factors that contribute to healthy living 

● A visit by an NHS dietician or a visit to a hospital trust would help to put this topic 
into context. 

● Learners should revise the main food groups including proteins, carbohydrates, fats, 
vitamins and minerals, and be able to understand the roles of these in the human 
body. Through research activities, learners should look at the possible consequences of 
over- and under-eating on the human body. You could allow learners to research the 
increased incidence seen in childhood disorders (for example obesity, type 2 diabetes, 
malnutrition) and discuss the potential health risks associated with such disorders. You 
could provide learners with recommended websites where they can gather relevant 
information. The information gathered could then be used to create a short 
presentation on the topic. Qualitative tests for presence of nutrients in food should be 
done to allow learners to develop an understanding of the presence of food groups in 
different types of foods. 

● Learners should discuss the nutritional requirements of different age groups. They 
should compare the nutritional requirements of these groups, along with differing 
levels of activity. 

● The effect of exercise on the cardiovascular system should be explored practically. 
Learners could be provided with a safe and appropriate schedule to follow to allow 
the simple analysis of increased physical activity on the heart and lungs – for 
example pulse, blood pressure and breathing rate. The evidence gathered from this 
activity would allow learners to discuss the reasons why pulse, blood pressure and 
breathing rate are affected during, or following, exercise. 

● You should provide learners with relevant case studies to analyse the rates of disease 
and disorder in the population in relation to lifestyle choices. Such diseases and 
disorders could be type 2 diabetes, obesity, malnutrition (previous research would 
already have been carried out by learners). 

Assignment 1: A Healthy Lifestyle* 

Learning aim B: Know how preventative measures can be used to support 
healthy living 

● A visit by a medical scientist from a university or a visit to a medical health centre 
would help to put this topic into context. 

● Revise the principles of the immune system and the immune response in terms of 
the role of the immune system in the body’s first line of defence. Compare the 
physical and chemical defences. You could make use of card-matching games so that 
learners could match a specific response to the type of defence mechanism used in 
the body. 
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Unit 7: Health Applications of Life Science 
● Give learners time to research the potential advantages and disadvantages of 

vaccination in the MMR and HPV programmes There is substantial website resource 
available with relevant information. However, you are advised to provide a list of 
relevant websites so that there is some control over the information available. 
Following the research conducted, learners could work in groups to debate the 
potential advantages and disadvantages of vaccination programmes. 

● You should revise the uses of screening programmes in society. Learners should 
discuss screening programmes for the detection of cancer (breast and prostate), 
antenatal screening (Down’s syndrome), neonatal screening (phenylketonuria) and 
vascular screening (atherosclerosis). Learners could discuss the advantages and 
disadvantages of the selected screening programmes. As a plenary activity, learners 
could use the information discussed, and conduct additional research towards 
preparing a short poster presentation on the advantages and disadvantages of using 
screening programmes. 

Assignment 2: Preventative Measures* 

Learning aim C: Investigate how some treatments are used when illness occurs 

● A visit by an medical scientist from a university or a visit to a medical health centre 
would help to put this topic into context. 

● You should revise the principles of the use of antibiotics, anti-fungal treatments, 
antiviral treatments and analgesics, providing named treatments for specific 
disorders. 

● Learners could compare the use of treatments and use a card-matching activity to 
link identified disorders with appropriate treatments. 

● Learners could conduct a practical investigation into the efficacy of different 
antibiotics to aid their understanding that certain antibiotics may be used more 
effectively when the bacterial cause of infection is known. 

● There is a wealth of information available on the possible consequences of the 
overuse or misuse of treatments – for example, paracetamol and antibiotics. Through 
relevant research, learners should look at the overuse and misuse of drug treatments 
such as paracetamol, and of antibiotics – particularly broad spectrum antibiotics. 
Specific reference lists should be given to learners. An information poster could be 
prepared following the research to outline the findings. 

● You should revise the principles and uses of blood grouping, blood transfusions and 
organ donation. Learners should be allowed internet access to research the principles 
and uses of stem cell therapy. There has been a recent increase of interesting and 
engaging articles available through the news websites explaining the current 
developments in stem cell therapy. Learners should investigate the current 
applications of stem cell therapy, and consider the advantages and disadvantages of 
this compared with traditional methods of treatment of diseases and disorders. 

Assignment 3: Medical Treatments* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications 
● The BTEC Applied Science suite: 

o Unit 1 Principles of Science 

o Unit 4 Biology and Our Environment 

o Unit 8 Scientific Skills 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
knowledge, publishers are likely to produce Pearson-endorsed textbooks that support 
this unit of the BTEC First in Application of Science. Check the website 
(www.edexcel.com/resources) for more information as titles achieve endorsement. 

Ellis, P. and Macdonald, A., Reading into Science: Biology, Nelson Thornes, 2003 
(ISBN 978-0-748-76799-1) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Journals 

New Scientist 
A weekly science and technology magazine with diverse subject matter. 

Websites 

www.bbc.co.uk/bitesize 
Suitable information for learners and teachers on all topic areas within the unit content. 

http://www.bbc.co.uk/health/treatments/healthy_living/ 
Information includes healthy living and appropriate lifestyle changes to improve health 

http://www.blood.co.uk/about-blood/ 
This ‘Give Blood’ website provides information, news and activities suitable for all learners. 

http://www.newscientist.com/topic/stem-cells 
Online journal providing good information on current research into stem cell therapy. 

http://www.nhs.uk/LiveWell/healthy-eating/Pages/Healthyeating.aspx 
Suitable information for both learners and teachers on healthy eating; this website has 
clear headings and is written in a clear and informative manner. 

http://www.nhs.uk/conditions/organ-donation/Pages/Introduction.aspx 
Clear information from the NHS on organ donation and transplants; there are also some 
case studies. 

http://science.howstuffworks.com/environmental/life/human-biology/immune-system.htm 
Detailed information on the functioning of the immune system; this resource provides 
more challenging information. 

http://www.screening.nhs.uk/ 
An NHS website providing information on screening programmes; suitable for both 
learners and teachers. 

http://www.uktransplant.org.uk/ukt/default.jsp 
Provides information and case studies on organ donation and organ transplant. 
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Unit 8: Scientific Skills 

Delivery guidance 

Approaching the unit 
This unit provides an opportunity for learners to build on the practical experiences and 
skills they have gained from other units. It is synoptic in nature and the essential 
knowledge, understanding and skills required are covered in other units. Therefore, one 
possible approach is to ensure that entire practical investigations take place during the 
preceding units. However, if this approach is used it is important that the learners’ 
attention should be drawn to the skills they are learning, as well as to the scientific 
content, possibly by adding to the investigations in preceding units a formative 
assessment grid (based on the learning outcomes for this unit. 

Although the contexts may be taken from the other units, this is an opportunity to 
introduce other scientific contexts that your learners may enjoy investigating. To best 
access the key concepts, learners should be given contexts that are familiar but that will 
nevertheless interest them. More adventurous and unusual contexts, which do not appear 
in the preceding units, may also be used. 

Learners will explore skills through practical activities. This could start with learners 
planning their own investigations. Breaking down the three main learning aims into their 
individual skills is another possible approach. 

Learners could work in small groups to complete entire investigations to answer questions 
or hypotheses. These may be set by you or posed by the learners themselves. Group 
discussions, asking key questions, working as a team member and trying out alternative 
solutions may all be employed to enable learners to work together to plan investigations. 

Delivering the learning aims 
In the terminal examination on this unit, learners will be asked questions about science 
skills they have learnt for over the course of this award. 

For learning aim A, learners should: 

● explain which equipment is relevant and why – for example, they could be given 
exercises asking which measuring instruments are the most useful to measure a 
given volume 

● identify the key variables in an investigation and show that they are able to choose a 
suitable range to investigate. 

For learning aim B, learners should be able to process and present data. This is a natural 
progression if they have planned an investigation themselves, but data could also be 
presented for learners to process and present. However, this skill is embedded throughout 
the practical work from the other units and, again, learners should be familiar with these 
before starting Unit 8. 

For learning aim C, learners should: 

● identify patterns in data  

● evaluate their investigations – this could be as part of other units 

● explain their conclusions by including relevant scientific ideas.  

In the terminal examination for this unit, learners will have to answer skills-based 
questions in the context of the content from the other three units in this Award and 
knowledge gained from prior learning of the Key Stage 4 Programme of Study for Science. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 8: Scientific Skills 

Introduction 
Practical activities and investigations may come from contexts investigated in previous 
units or from other contexts. These will ideally be from entire investigations, but learners 
may learn or practise the skills of planning, processing, presenting, analysis of data, 
drawing evidence-based conclusions and evaluating their own part of the investigation. 
This unit could be delivered as a standalone unit, or aspects of it covered through the 
delivery of the other units in this Award. Learners will also need to practise the skills 
theoretically to answer the examination questions. 

Learning aim A: Understand how to produce a good plan for an investigation 

Suggestions for activities linked to learning aim A in preparation for assessment 

● Learners should be introduced to, or reminded of, the different types of variables – 
for example independent, dependent – so that they understand that they will have to 
change one variable and measure another. This may be introduced with written 
questions or a staged approach to an investigation – i.e. you and the class planning a 
practical activity together. Using this approach also allows the learners to be taught 
the other skills in a structured way. It is up to you whether this happens here or in 
previous units. A booklet with key questions, which guides the learners through each 
stage, is ideal. 

● Learners could be shown how magnesium reacts with hydrochloric acid and that 
there is a temperature rise. The learners could be asked to plan the effect on 
temperature of changing the mass of magnesium added to acid. The use of a 
planning grid that guides learners through each step of the planning is 
recommended. Learners should identify a suitable range and number of 
measurements to make – they should be asked to explain why these were chosen. 

● Learners must understand the idea of control variables to ensure that data collected 
are comparable or reliable. Learners could be asked what they should keep the same 
and what they should change. Level 2 learners should be guided to explain how to do 
this – for example, ‘I will keep the volume of acid at 25 cm3 and the concentration at 
0.1 mol/dm3. This is so that the number of particles of acid is always the same’. 

● Learners should choose relevant equipment and give reasons why they have chosen 
it – for example, ‘I have chosen to use hydrochloric acid, because the metal needs to 
react with it. I have chosen a thermometer to measure the temperature rise’. 
Pictures or diagrams of equipment with explanations to match up may be a good 
activity to focus learners on this skills area. 

● Learners should identify the risks that are relevant to the method. A planning 
template could be used with questions that will guide the learners to identify the 
risks – for example, ‘hydrochloric acid is corrosive, I should wear gloves to protect 
my skin and safety goggles to protect my eyes’. 

● Learners should write or complete a logically ordered method. This can be from their 
own hypothesis or from one that you have given them – for example, ‘I think that if I 
increase the amount of magnesium added to the acid the temperature rise will 
increase’. One approach may initially be a written method cut up into strips that the 
learners have to put in the correct order. 
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Unit 8: Scientific Skills 
● Level 2 learners should be encouraged to give their own hypothesis, and they should 

be encouraged to use their scientific knowledge when stating their hypothesis. 
Learners could start to think about this by making predictions in groups and 
explaining why they have made that prediction. 

● Other suitable practical activities for learners to decide how to produce a good plan 
are: 
o the energy produced by burning oil fractions (Unit 5) 
o the effect of temperature on the colour of thermochromatic materials (Unit 5) 
o the effect of increasing slope angle on the distance travelled by a marble (Unit 6) 
o the effect of increasing mass on the speed of a car (Unit 6) 
o the effect of increasing drop height of a paper helicopter on the time taken to fall 

(Unit 6) 
o the heat energy produced by burning different foods (Unit 7) 
o the effect of different soaps or hand washes on bacterial growth (Unit 7). 
These may also be used for learning aims B and C if you decided to teach this as a 
whole investigation (recommended). 

Learning aim B: Process, present and analyse data, and draw evidence-based 
conclusions 

Suggestions for activities linked to learning aim B in preparation for assessment. 

● Learners may be guided to build skills gradually by highlighting when these learning 
aims appear in practical activities in the other units, or they may be taught through a 
whole-investigation approach. 

● Learners could be asked to present data that you have given them from a practical, 
or they could plan their own table from a whole investigation. They could be told the 
independent and dependent variables, or they may already have planned these in 
learning aim A. One approach would be the learners planning how the angle of a 
slope affects the distance travelled by a marble or a toy car rolling down it. They 
could then be guided to complete a blank table with the correct headings, units and 
range of independent variables. A large A3 table could be presented to small groups, 
who could place cards with the data and headings in the correct places. 

● Having collected data from completing a practical activity, or from data you have 
provided, learners should identify an appropriate level of accuracy to record the results 
– they would need to decide whether to use significant figures and, if so, to what 
degree. 

● With the data they have collected, or have been provided with, learners should 
identify any anomalous results and decide how to deal with them. This may best be 
practised in theory first, with a set of exemplar data that includes anomalies. Key 
questions may be asked of learners about the correct way to calculate a mean from 
the data – for example, ‘I decided to omit anomalous values when calculating a 
mean’ or ‘When drawing a line of best fit, I went past the anomalous points at 10° 
and 45°’. Learners could be given model answers and asked to comment on the 
quality of responses given and how they would improve them. 

● Learners should be able to draw and interpret graphs of data. You could initially present 
learners with data and give a lesson on graph drawing, or the skill could be included in a 
whole investigation. Again, exemplar graphs for the learners to critique is a possible 
approach. This is linked to the other learning aims in B – either anomalies will have been 
dealt with before plotting the graph or the graph may be used to help in identifying 
anomalous results. Learners should ideally be presented with opportunities to draw 
different types of graphs, and to draw lines of best fit with line graphs. This would allow 
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Unit 8: Scientific Skills 
them to see where results do not fit into the pattern obtained – or would highlight errors 
in the experimental process. Data collected from an investigation on soundproofing is 
likely to be suited to a bar chart, but increasing the slope angle and investigating its 
effect on a car will be suited to a line graph and also give learners an opportunity to 
draw a line of best fit. 

● Learners should expand their understanding of anomalies to be able to explain why 
they occur, why they do not fit into the pattern of results and where errors in the 
experimental process may have caused them. This is likely to be easier for learners if 
they have experienced the practical activity first hand, particularly if they planned it 
themselves – for example, ‘I did not grind the rosemary as well as the other herbs 
and may not have got the same amount of active ingredient as I did with the other 
herbs used’. Key questions that guide learners through the process are essential. 

● Learners should explain what has happened in a practical and discuss any trends or 
patterns seen in the data. Again, one approach is to practise these skills either in 
isolation or from data collected from a practical activity that the learners were 
instructed how to carry out. Worksheets showing different patterns in data could be 
presented to the learners so that they are able to identify proportional relationships, 
correlations and quantitative relationships – for example, ‘I can see that as I 
increased the height I dropped my helicopter from, the time taken to hit the floor 
increased. Doubling the height did not double the time taken, but did show a positive 
correlation’. 

● Learners will need to be able to draw evidence-based conclusions from the results 
and patterns they have observed. To help develop these skills, learners could work in 
groups to discuss what they think the evidence they have collected shows – they 
should be able to explain the conclusion and explain to each other how the evidence 
demonstrates this. This needs to be done in conjunction with practice at writing this 
in a clear and concise manner. 

● Other practical activities suitable for showing learners how to process, present and 
analyse data, and draw evidence-based conclusions, are: 
o the effect on temperature of changing the concentration or volume of hydrochloric 

acid added to sodium hydroxide (Unit 5) 
o the effect on temperature of changing the mass of magnesium added to acid (Unit 

5) 
o the effect of increasing the surface area of a parachute on the time taken to fall  

(Unit 6) 
o the relationship between the angle of incidence and the angle of reflection (Unit 6) 
o the effectiveness of different materials in soundproofing a bell (Unit 6) 
o the effect of wire length or thickness on resistance (Unit 7) 
o the effect of herbs on bacterial growth (Unit 7). 
These may also be used for learning aims A and C if you decided to teach this as a 
whole investigation (recommended). 

Learning aim C: Evaluate evidence and investigative methods 

Suggestions for activities linked to learning aim C in preparation for assessment. 

● Learners need to evaluate collected evidence and the method used to collect the 
evidence. Again, approaches are variable and flexible enough for you to use the method 
they feel is most suitable. Learners find evaluating to be a challenging activity and 
should ideally be taught the skill first with exemplar data. A familiar context will help 
learners to make the links between the method and the quality of data – for example, 
you could present a method used to test the taste of different kinds of chocolate. You 
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could have rated the chocolates in different categories and established a final value. 
Learners should be guided with key questions towards recognising the subjective nature 
of the experiment and seeing that the different kinds of chocolate were not the same 
mass or chemical composition. 

● Learners need to collect, or be presented with, data that allows them to comment on 
the extent to which the evidence supports a conclusion. Some conclusions could be 
presented with data, and the learners could identify which conclusion is the most 
reliable. 

● Learners should refer back to their hypothesis, or the hypothesis they were given, 
and suggest whether the evidence supports this – for example, ‘The hypothesis was 
correct, because the data show that as more mass was placed on the car it travelled 
further each time’. 

● Learners should not only suggest improvements but also appropriate ways of 
extending an investigation. They could be presented with data about the effect of 
antibiotic discs on bacterial growth. If discs of 1, 2 and 10 mg are used, learners may 
suggest that doses between 2 and 10 mg should be tested, so that the lowest 
effective dose may be identified. 

● Other suitable practical activities for learners to learn how to evaluate evidence and 
investigative methods are: 
o the temperature changes associated with different chemical reactions (Unit 5) 
o the viscosities of different oils or oil fractions (Unit 5) 
o the factors that affect the rate of fermentation (Unit 5) 
o the relationship between the angle of incidence and the angle of reflection (Unit 6) 
o the effect of light intensity on the voltage produced by an LDR (Unit 6) 
o the effect of temperature on the voltage produced by a thermistor (Unit 6) 
o the force required to move blocks covered with different grades of sandpaper (Unit 

6) 
o the heat energy produced by burning different foods (Unit 7) 
o the food groups present in a selection of foods (Unit 7) 
o the sugar present in different drinks (Unit 7) 
o the effect of antibiotic discs on bacterial growth (Unit 7). 
These may also be used for learning aims A and B if you decided to teach this as a 
whole investigation (recommended). 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications 
● The BTEC Applied Science suite: 

o Unit 5: Applications of Chemical Substances 

o Unit 6: Applications of Physical Science 

o Unit 7: Health Applications of Life Science 

Because this unit is synoptic in nature, learners may study the skills as part of the 
other units in the specification. Explicit reference will need to be made to the skills if 
this approach is used. This will ensure that learners are aware of the specific skills 
tested by the terminal examination for Unit 8. 

Investigations linked to the other units in the specification are indicated in the outline 
learning plan. This list is not exhaustive and any science-based investigation could be 
used to assist learners in developing the necessary skills that make up this unit. 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
knowledge, publishers are likely to produce Pearson-endorsed textbooks that support 
this unit of the BTEC First in Application of Science. Check the website 
(www.edexcel.com/resources) for more information as titles achieve endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Websites 

www.islephysics.net 
Comprehensive learning system for introductory physics that engages learners in 
experiences mirroring those of practising scientists 

http://www.nuffieldfoundation.org/practical-biology 
http://www.nuffieldfoundation.org/practical-chemistry 
http://www.nuffieldfoundation.org/practical-physics 
These websites cover the content of this unit for teachers and have practical 
experimental details and some theory work. 

www.technologytom.com 
Details of all sorts of different science investigations covering the main areas of 
physical science. 
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Unit 9: Practical Scientific Project 

Delivery guidance 

Approaching the unit 
This unit is practical-based and you will need to enable learners to have access to a 
suitable laboratory; computer facilities would also be useful. The work is intended to 
be a piece of coherent practical work carried out under your supervision, with the 
learner involved from inception of the idea to the final outcome. It is not intended to 
be a piece of original research, but it will be new work to the learners. 

To meet the unit criteria, you will need to observe learners working safely and 
carrying out the practical work. You do not need to set up a special piece of practical 
work for this unit because the whole project may be completed as part of another 
unit – but you must not split the unit across a number of other units whereby (say) 
the plan relates to one experiment, the practical work to another and the results and 
so on to yet another piece of practical work. It is important that the practical project 
is done as a coherent whole. 

Delivering the learning aims 
The guidance below is based on the assumption that work for this unit will be 
part of the practical work required in another unit. 

Learning aim A focuses on the plan for the practical work. 

● You will need to give a lot of guidance if you are allowing learners to choose the 
topic to investigate – they inevitably choose a topic that requires too much time 
or equipment that is not available. 

● You could allow learners to plan an investigation that extends some practical 
work they have already done. For example, enzyme or catalysis work could be 
extended to include another factor that influences their rate of action. The same 
idea could be applied to circuit work and the measurement of power/voltage or 
current when certain factors are altered. 

● As time is always at a premium, the best way forward is to extend the learners’ 
practical experience. Even so, it is always worth discussing this with them 
because some come up with an idea that interests and excites them – the 
chances of success are then increased. Remember that negative or disappointing 
results are just as valuable scientifically as positive or expected ones. 

Learning aim B requires that you, or a suitably qualified technician, observe the 
learners. 

● You will need to inform the learners on what basis they are being assessed – 
e.g. safe use of the equipment, assembly and use of the equipment, working 
independently and recording results appropriately. As the observer, it is 
expected that you will intervene if you see unsafe practice, but the learner can 
still satisfy the relevant criteria if they correct themselves and carry on safely. 

● Look for accuracy and integrity when logging results. The recorded results 
should be an accurate reflection of what occurred and be logged in a practical 
book so it is not possible to misplace a loose piece of paper containing the 
results. Make sure that the collected results are sufficient to allow learners to 
present them, if needed, as graphs and also to be able to identify errors. 
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Learning aim C will be a challenge for some learners who may find analysing and 
presenting the data difficult and need a fair amount of help. 

● Encourage learners to look at the best methods of presentation because this will 
often help them to determine where errors occurred and how they could have been 
avoided. 

You will also need to give learners some formal input on the protocol used to write up 
a scientific report – this type of formal writing may be outside the experience of 
many learners and they will need to be taught how to do it. It is important that 
learners master this style of writing because it is a valuable tool for anyone working 
in science. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 9: Practical Scientific Project 

Introduction 
To motivate learners working in this unit and gather information towards their evidence, 
you could invite a visiting speaker who is a science project manager or visit a science 
laboratory to observe technicians/scientists working on projects as part of their job. You 
could also speak to your colleagues to discuss any practical work they are doing with your 
learners in other units that may lend itself to this project. Expect to have to give a lot of 
guidance initially because learners are being asked to carry out practical work in which all 
the instructions and so on are of their design as opposed to being given to them. 

Learning aim A: Plan a practical scientific project 

● Give your learners formal input on relevant health and safety legislation and risk 
assessment practice, and relate it to their work in the laboratory. If this was done as 
an introduction to the whole course you will need to review it. 

● The order in which the project plan, sources of information and methodology are 
tackled will vary according to the experience of each learner. You may be able to 
build on learners’ experiences of doing practical work in other units. However, you 
will probably need to go over again the techniques for information searches and how 
to extract and use information relevant to their project. At this level, learners should 
be able to record sources used in an acceptable, standard format. To help them it 
may be easier to give them an example format, such as the Harvard system, on 
which they can then enter their sources. 

● The project plan in its final form must present an account that a different person could 
follow to carry out the practical work successfully. Using headings such as ‘aims’, 
‘hypothesis’ and so on will help learners to put in all the information required. If 
learners can get this section correct satisfactorily then the rest is likely to follow 
successfully. 

Assignment 1: Planning a Scientific Project* 

Learning aim B: Use practical skills for scientific projects 

● Check that your learners have plans that are workable and suitable before carrying 
out practical work. 

● You (or a qualified technician) will need to observe learners as they carry out their 
practical work, using a pre-agreed observation form so they are all judged fairly and 
all know what is being looked for in the observations. 

● It is not expected that the practical work will be carried out in one session, so 
gathering and setting up the equipment may have to be done with the actual use of 
it following in a later lesson. 

● When considering timing for the practical work it is useful to bear in mind that: 
o many learners work slower than expected and time to repeat experiments may 

need to be factored in 
o time should be allowed for the learners to record their results as they do the 

experiment, keeping a working laboratory log  
o time should be allowed to do a brief analysis so that obvious errors requiring 

repetition can be timetabled  
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Unit 9: Practical Scientific Project 
o you may also need to review the results with each learner in case things have 

gone wrong – the learner may have to alter or repeat the work. 

Assignment 2: Carrying Out the Investigation* 

Learning aim C: Analyse and present results 

● As preparation for producing a scientific report on the project, lead a session with the 
whole class to remind them in general terms about data organisation, use of correct 
units, the kinds of data processing that can be used, awareness of errors and doing 
accurate calculations. 

● You could follow this in individual tutorials before moving on to the session on 
conclusions, so your learners have a better chance of dealing with the work. Learners 
can find the information demanding to deal with and can benefit from you presenting 
the requirements a little at a time. 

● Lead another class session on how to draw conclusions, looking at the validity of the 
original hypothesis, considering the appropriateness of the methodology, the means 
of improvement and finally writing up using correct scientific protocols. A final 
instruction will be a reminder on referencing work correctly. 

● You should be aware that learners are required to draw their own conclusions so 
although initial help can be given to get them started, the rest is up to them. Again, 
help can be given to learners in tutorial sessions but the work must be their own. 

Assignment 3: Reporting Findings* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
This unit can draw on any previously completed units in which practical work was 
carried out in a laboratory, assuming that an existing experiment can be modified by 
the learner or a new piece of practical work completed based on some previous 
experiment. It does not matter on which science subject the practical work is based for 
this unit. It is important that the piece of practical work is done as a coherent whole. 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
and Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Application of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve 
endorsement. 

Coyne, G.S., The Laboratory Companion: A Practical Guide to Materials, Equipment, 
and Technique, WileyBlackwell, 2005 (ISBN 978-0-4717-8086-1) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Dean, J.R. et al., Practical Skills in Chemistry (2nd edition), Prentice Hall, 2011  
(ISBN 978-0-2737-3118-4) 

Langford, A.M. et al., Practical Skills in Forensic Science (2nd edition), Prentice Hall, 
2010 (ISBN 978-0- 1323- 9143-6) 

Jones, A. et al., Practical Skills in Biology (5th edition), Pearson, 2012 (ISBN 978-
1408245477) 

Websites 

www.scienceprojectideas.co.uk 
This gives links to a regularly updated set of websites with science project ideas in 
biology, chemistry, physics, mathematics, environment and meteorology. 
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Unit 10: World Energy 

Delivery guidance 

Approaching the unit 
The topic of world energy is foremost in the minds of the public and is continually 
debated in political and educational arenas, more so now than at any other time in the 
history of mankind. It is essential to use as many different resources as are available – 
including newspapers, journals and internet links – to help capture learners’ imagination 
and interest. There needs to be strong emphasis on the current situation and the 
realistic future developments of energy resources with clear and visual representation of 
the available types and those that may become available in the future, but don’t delve 
too deeply into global-warming issues. Enable internet access and give detailed 
instructions for research purposes. Practical work can be used to illustrate the production 
of electricity and the variations in fuel or energy sources. Learners will build on and apply 
fundamental energy concepts learnt in Units 1, 3 and 6. 

Delivering the learning aims 
Learning aim A introduces the essential facts about our dependence on energy and 
highlights the absolute importance of fuels, especially fossil fuels, and the need to 
produce electricity.  

● Practical activities will be limited to the way in which alternating current is 
produced and the combustibility of fuels, although there is significant 
opportunity for learners to investigate electricity production using other 
methods, such as the effectiveness of solar panels and wind turbines. 

● Information about the relative costs of resources, the amount of electricity 
produced and the viability for future development can be delivered through 
computer work, identifying advantages and disadvantages, and forming the 
basis of learners’ awareness of the importance of fossil fuels to modern 
civilisation and the estimated global availability. 

The historic perspective is dealt with in learning aim B, which emphasises the 
developments of the Industrial Revolution, the global demands on energy and the 
strategies needed to combat environmental problems associated with energy demand. 

● Examples of global economies and industrial output related to specific nations 
should help to contextualise the issues raised in this learning aim. This can be 
achieved by producing case studies, for which there should be a wealth of 
research material. 

● This should not become a history lesson but should focus on providing a full 
picture of the link between energy and global development and what must be 
considered if we are to continue in the manner to which mankind has become 
accustomed. 

The emphasis in learning aim C is on the future of energy production and on 
satisfying or changing our routines for energy demand. 

● Displaying a map of the world regularly is very useful and provides a clear 
picture of the areas around the world where economic importance relates 
directly to resources, past, present and future. 

● Introduce and develop information that combines the general topic of energy 
demand with the will of politicians and the public to accept the problems 
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associated with it and our need to accelerate technological methods in production 
and storage. 

● Access to internet facilities and developing discussion is key to achievement in 
this learning aim. 

This topic serves to introduce the facts about energy usage, environmental 
considerations and economics, and it is essential that learners receive information 
without bias so that personal viewpoints from learners can form the basis of 
constructive discussion. 

Health and safety aspects must be considered before practical activities are 
attempted. Specific terms should be explained well. Once the science behind fossil 
fuel formation and electricity production has been tackled, there should be a change 
of emphasis to solving the global issues and perhaps developing an understanding of 
the way in which learners themselves can contribute to energy sustainability. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 10: World Energy 

Introduction 
To introduce this unit you could open up a general discussion about our dependence on oil 
and electricity and ask learners to think of activities in life that would change if these 
were not available. The importance of oil and electricity will become apparent and you 
could then develop the introduction by showing which countries are the greatest energy 
‘guzzlers’ on a world map. Capture learners’ interest with direct reference to specific 
continents and countries and start debates with carefully chosen questions about the 
energy we use and the implications of using more. Explain that evidence can be provided 
through reports, computer-aided methods and practical investigations. 

Learning aim A: Investigate present-day energy resources 

● A speaker from an energy supplier or non-governmental organisation would be 
helpful in motivating learners and gathering information towards their evidence. 

● Begin by introducing the principles of electricity production through laboratory 
practical activities, using suitable equipment and displaying the a.c. produced using a 
galvanometer or oscilloscope. Learners could experiment with the Faraday model of 
induction to demonstrate how an a.c. could be increased. 

● Learners should describe energy resources that produce electricity and fuels. They 
should then present these in a listed format, along with relative costs. 

● Burning fuels such as paraffin, oils and wood can serve to illustrate, under well-
controlled conditions, how much energy is produced by different substances per unit 
volume – this can help to illustrate which fuels are preferred. 

● Open a discussion about the advantages and disadvantages of one or two energy 
resources in terms of overall costs and power output and attempt to compare some 
alternative methods with fossil fuels. You could ask the question ‘What do we do that 
does not depend on fossil fuels?’ This will help to enhance the importance of our need 
to find further sources of fossil fuels or alternative energy sources. Learners could 
produce a table showing the advantages/disadvantages of each type of resource and 
the relative costs of production, availability, damage caused to the environment and 
cost per unit to help them form their own opinions. They could produce a display that 
highlights our dependence on making electricity and transportation and could explain 
in essay or PowerPoint® format what aspects of life would change in the absence of 
both. 

● Teach the principles of oil, coal and gas formation using suitable geological diagrams, 
explain how these resources are obtained and identify the most important producing 
regions on a global scale. 

● Set up an activity that allows learners to research current data about estimated fossil 
fuel reserves. Then develop this further to focus on areas of the world that have 
significant regions devoted to alternative energy production. 

● Show a map of an anonymous island surrounded by sea but which has all the 
essential resources – wind, waves, highlands and rivers, geothermal, solar, fossil 
fuels, tidal and biomass – which could be used to produce energy. Using photographs 
or diagrams of types of power stations or electricity generators, ask learners to place 
their photographs at locations most suitable for the given energy production. Ask 
learners to identify these on the map with reasons. This is a very useful group 
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Unit 10: World Energy 
activity that can be developed for homework based on the resources of the local 
region or in the UK as a whole. 

● Learners should produce a report that concludes all their research and practical 
activities for this learning aim. This should summarise the types of energy resources 
available and how electricity is produced. The relative costs have to be included and 
the relevant energy producing regions and specific energy demands illustrated on 
clear maps. 

Assignment 1: Earth’s Resources* 

Learning aim B: Investigate energy demands 

● A useful introduction would be to illustrate, using a world map, the increase in 
population, with figures quoted for particular countries or continents dating back to 
the early 1800s and also showing the rise in population in a graph over the same 
period. 

● Explain that the reasons for population growth can be attributed to industrial 
revolution, technological advancement and transportation. Ask what this growth 
means for the demand for energy. Illustrate the effects of increased energy usage 
and population growth by showing the price paid by the environment – air and water 
pollution, fly tipping and landfill sites and so on. There are many useful websites with 
graphic images to help display this aspect. 

● Allow significant research time for learners to develop in groups a timeline that 
identifies key points in human development that have contributed to an increase in 
energy demand. There must be focus on oil and coal and it should be linked to 
specific regions of the world where growth has been more rapid. 

● Mention the wealth of information and evidence from satellites that show the impact 
on world economics and the environment of new, developing superpowers such as 
China and India, and show a comparison between their industrial growth and that in 
the West. 

● You should avoid the political aspects associated with the problems of economic 
growth – simply imply that political drive tends to be behind the rate at which 
nations develop. Learners should be encouraged to ‘free think’ to produce a case 
study that will lead to a well explained list of ways in which we can all help to reduce 
energy consumption in the long term. You will need to explain ‘fossil fuel subsidies’. 

● The work of environmental monitoring groups and associated organisations or 
meetings – such as the IEA and G20 – should be highlighted to illustrate the 
decisions made that affect all our lives. Expect many learners to demonstrate an 
understanding of ‘carbon footprint’ and ‘low carbon economy’ and ensure that these 
are explained correctly and used in the correct context. 

● Ask learners to pull together their information and timeline concerning world energy 
demand in the form of a report.  

Assignment 2: The Human Problem* 

Learning aim C: Explore future energy sources and energy storage 

● Briefly summarise essential energy sources and examples of where they are situated, 
e.g. North Sea oil and gas, Anglesey wind farm and so on. For each, learners should 
consider where best to develop the land to accommodate the energy plants. Explain 
that there are many unexplored regions around the world that may have huge fossil 
fuel reserves and ask learners to research details of locations provided in the learning 
content. You will need to describe a specific focus for certain areas by discussing the 
various fossil fuel types under consideration, such as Venezuelan extra heavy shale, 
Canadian tar sands and so on, and so direct learners to particular areas around the 
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globe with a focus on the main continents and sea areas. Include some aspects of 
the future of current oil and gas reserves. 

● You should mention the implications of finding and using more fossil fuels, especially 
in light of the drive to reduce carbon dioxide emissions around the world. 

● Develop the dilemma faced by world leaders to illustrate the need to supply 
populations with sufficient energy and so maintain fossil fuel consumption, while 
attempting to use alternative energy sources and to phase them in over a period of 
time. 

● This should then lead to the need to accelerate technological innovation and to 
reduce our dependence on conventional energy sources by designing better and 
more efficient buildings and transportation. 

● Introduce a range of aspects that must be looked at in detail to maintain our 
standard of living. You can introduce newspaper articles and scientific reports which 
demonstrate the problems, such as funding of technological research, plans to 
improve and to build nuclear power stations, public awareness and acceptance of a 
change in their normal routines (highlighting recycling successes) and billing large 
companies for excessive carbon dioxide emissions. 

● This topic is ideal for group work, opening discussion and developing arguments for 
or against a particular method. Open up debate on biofuels illustrating, with images, 
the area of land required for these projects and the yield of fuel produced. 

● Complete the unit with a brief overview of the current state of play with regard to 
technology for heat and electrical energy storage. Learners could produce a 
presentation using an interactive whiteboard or PowerPoint®, in pairs or small 
groups, which identifies the ideas being developed in fuel cells and batteries, 
capacitors and flywheel technology, for example, and should inevitably find areas of 
interest which can initiate further group discussion. 

● Learners should produce a PowerPoint® presentation that concludes all their research 
and practical activities for this learning aim. This should show how future energy 
demand can be met or reduced using both current and alternative methods. There 
should be mention of fossil fuels together with new technologies. 

Assignment 3: To the Future* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 1: Principles of Science 

o Unit 3: Energy and Our Universe 

o Unit 6: Applications of Physical Science 

o Unit 13: Monitoring the Environment 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
and Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Application of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve 
endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Levesley, M. et al., Edexcel GCSE Science Student Book, Pearson Education, 2011 
(ISBN: 978-1-8469-0889-7) 

Websites 

www.schoolscience.co.uk 
A useful site that includes many relevant topics for this unit; teachers should access 
this site before use by the learner.  

www.iea.org/textbase/nppdf/free/2011/key_world_energy 
Useful site for teachers that provides a large amount of data relating to world energy 
consumption and must be summarised for learner use. 

www.sjvgeology.org/history/index.html 
Timeline of events in oil production and usage that should be reduced to those 
relevant to the unit by the teacher. 

http://news.bbc.co.uk/1/hi/sci/tech/3995135.stm 
Gives information about the possible future of world energy demand in a reporting 
style. 

www4.uwm.edu/cuts/2050/energy05.pdf 
Contains data and projections of energy demand. Teachers should simplify graphs 
before using the information. 
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Unit 11: How Scientific Theories are 
Formulated 

Delivery guidance 

Approaching the unit 

Give your learners some clear guidance concerning the development of a theory at the 
start of the unit and give them the opportunity to develop their own theory on a chosen 
topic of interest. Give examples of questions that many people may have thought about 
in everyday life and identify the stages in theory development, while also identifying 
where some theories do not fit the usual pattern. Encourage group work and 
independent research, developing presentation skills and making use of observations 
and witness statements. The assignments suggested are intended to help learners in 
their understanding of the importance of following specific, logical steps in the 
development of a theory. 

Delivering the learning aims 

Learning aim A is concerned with the understanding of what a theory actually is 
and introduces learners to scientific theories from many subject-related areas. 

● You should focus your introduction on different theories that learners will meet in 
their studies and general lives and not on the stages in theory development – 
these will be dealt with later. 

● It will be useful to use an example of a common standard theory and to illustrate 
its key points of development using a timeline of events – then instruct learners to 
do the same with a different theory from a list that you supply. Prepare your 
example in advance and make sure that access to research materials is readily 
available. 

Learning aim B deals with the detail of identifying the various stages in theory 
development and introduces your learners to a variety of terms that may be unfamiliar. 

● You could use your exemplar theory examined in learning aim A to illustrate the 
stages and isolate the points where each stage starts and ends. Use other 
examples to show that not all theories fit this pattern perfectly. 

● Methods of collecting data need careful delivery so make sure that definitions are 
explained well using simple ideas. This aspect can be incorporated into actual 
science investigation in the laboratory and the inclusion of a relevant and 
realistic vocational setting. 

The importance of the scientific community is emphasised in learning aim C by looking 
at the various roles of scientists and other groups who make up ethics committees. 

● You can show the peer review process by referring to some recent examples in 
the media and on television and by linking this to a historical theory. Learners 
should understand the difficulties faced by scientists in getting their theories 
accepted. This is certainly true where decades, or even hundreds of years, have 
passed before theories are finally given a scientific welcome. 

● Consider group work for working through this learning aim, developing a 
discussion and appointing specific roles to learners so they can experience the 
process at first hand. 
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Use practical activities where you can and carry out risk assessments for any 
investigations undertaken. When learners are encouraged to investigate their own 
ideas, risk assessments may need to be scrutinised by two or more professionals. 
Use observation and witness statements where appropriate and give particular 
guidance to learners when they are collecting data for their own investigations, 
making sure that it is useful and valid for the purpose intended. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 11: How Scientific Theories are Formulated 

Introduction 
To introduce this unit you could ask a question to open up group discussion. Base the 
question on a simple but commonly observable phenomenon such as raindrops falling down 
a window pane. You could ask if the movement of the drops is totally random or whether 
other factors are involved. Learners should begin to develop the general idea of considering 
all science-related aspects and understand the importance of the question. Encourage 
learners to produce their own suggestions and thereby introduce the theory. Group 
discussion and presentations will help to stimulate interest and further investigation. 

Learning aim A: Investigate historical scientific theories 

● A speaker who is a science historian from a museum, university or institution/society 
would be helpful in motivating learners and gathering information towards their 
evidence. 

● Develop a question-and-answer session to explore how many theories learners have 
encountered prior to study of this unit. You could organise learners into groups and 
ask each to appoint a spokesperson to speak on the group’s behalf. Expect them to 
give the most obvious two or three examples, but then question their understanding 
of what their chosen theory is actually all about. 

● You should discover some misconceptions along the way and then illustrate, using a 
well-known theory, how a real theory can be misrepresented over time. Give a good 
definition of a theory and then ask them to give an example of a simple idea that 
they could develop into a theory. 

● Start things off by discussing everyday occurrences – for example, the path of 
raindrops down a pane of glass: Is the movement totally random? What could affect 
the path taken by the droplets? And so on. This will also introduce the important 
aspect of relevant scientific questioning. 

● Prepare an example of one of the more prominent historical theories – such as 
Darwin’s theory of evolution or the theory of plate tectonics. Highlight the general 
ideas, findings and dates of events in a PowerPoint® presentation. The example 
chosen should identify the main points and describe the theory, explain the main 
developments and evaluate strengths and weaknesses. Then ask learners to produce 
group work on one theory chosen from the list in the specification content (A.2). 

● Group work can then be presented to the whole class, providing good opportunities 
for observation and witness statements. The evidence for the group activity must 
demonstrate sound research of the theory and there should be an accurate portrayal 
of scientists involved and a timeline highlighting the key events in the theory, 
including the elements shown in your example. 

● You could question learners during the presentation to differentiate those individuals 
who clearly understand the strength of the theory. This could be demonstrated by 
the response from learners who offer an evaluation of the scientific theory, looking at 
the evidence for and against and adopting a well-reasoned point of view. 

Assignment 1: Evolving Theories* 

Learning aim B: Explore the processes involved in developing a scientific theory 

● A useful introduction is to revise the work carried out for learning aim A and to show 
your prepared theory again to the group. In addition, you must supply learners with 



UNIT 11: HOW SCIENTIFIC THEORIES ARE FORMULATED 

Delivery Guide – Pearson BTEC Level 1/Level 2 First Extended Certificate in Applied Science – 
Issue 2 –October 2014 © Pearson Education Limited 2012 

94 

Unit 11: How Scientific Theories are Formulated 
the six stages of theory development and move through your timeline of  
events asking learners working in groups to identify where they may be able to see 
each individual stage. It is a good idea, therefore, to use a theory in which the stages 
are easily identifiable, although it is not as easy as you may think given the different 
pieces of evidence from different sources that may add to the theory at various 
times. 

● Highlight this fact to learners and then illustrate the stages as they appear in your 
prepared work. You will need to introduce a number of important definitions – 
hypothesis, validity and reliability. To do this effectively, make sure that you relate 
each term to a recognisable scientific context, which can be easily achieved in the 
laboratory using suitable experiments or investigations. 

● You may want to share your own interpretation of the grouping of your stages in your 
exemplar theory by asking for other opinions. Then instruct learners to try to mark 
their timeline of events from their theories with the various stages. Again, ask for 
group activities and presentation of findings making sure that each group covers a 
different theory to add a greater depth of knowledge and learning to the topic. 

● Learners who demonstrate more aptitude may be able to cover this learning aim by 
developing their theory, hypothesising about the observations, experimenting and 
allowing others in their group to produce equally valid testing on the same theme, 
therefore repeating the results. 

● As a class, comparing the theories and, in particular, the identified stages will be 
very valuable and will certainly help to illustrate the difficulties faced by some and 
also variations in theory development. The points common to all theories should also 
become evident. 

● Give learners a list of important general methods used for collecting data for use in 
developing a theory. This will generally fall into experimental or questionnaire 
categories. Introduce key words that should be used by learners in their evidence. 
These should include reliability (repeat experiments or research), consistency of 
measurement, the importance of fair testing and keeping the control conditions of each 
experiment the same, changing one variable at a time so that there is no confusion of 
results. These aspects can also be transferred to questionnaires. 

● Explain how experimenters themselves can affect the outcome of an investigation by 
illustrating how a simple experiment can be influenced if the experimenter knows 
what to expect. 

● Refer to typical TV advertisements for testing Coke or butter. Show that the tone of 
voice of an experimenter who knows which is the advertised product is different from 
an experimenter who doesn’t know. This will lead to the explanation of blinds and 
double blinds. 

● Describe the factors that need to be considered when gathering data and reducing 
bias. You can demonstrate bias by asking one individual to secretly choose a partner 
to help in an experiment. The group can then be asked to nominate someone who 
they feel would be capable of collaborating in the experiment, and then compare 
their choices. The individual will likely choose a friend who is not necessarily the best 
for the job, thereby showing bias. 

● Controls and placebos can be introduced using a simple group experiment. Don’t be 
tempted to delve too deeply into the psychology of this. Use a pack of safe sweets 
such as Smarties and give one to each learner to suck. Ask if they tasted something 
unusual about the sweet and reflect on the responses given. Encourage learners to 
carry out their own research into this as part of their evidence. Use observation 
statements where necessary for practical work. 
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● Group work is very useful in this set of activities. When the experiments have been 

carried out, discussion can be initiated by the presentation of the outcomes of each 
experiment by each group to the class. A question-and-answer session can help to 
determine if individuals in each group fully understand the principles of valid data 
collection and the conditions required in testing theories. Groups can be questioned by 
others and give answers in order to help in developing learning for this activity. 

● Allow sufficient time for groups to share their work as demonstrations, labelled 
posters or PowerPoint® presentations. Group presentations can be supported with 
witness statements, so enlist the help of laboratory technicians. Learners could 
produce a final report on their own experimental procedures, highlighting the main 
aspects as discussed in tutor sessions. 

Assignment 2: Scientific Theory Stages* 

Learning aim C: Investigate the testing of theories and peer review 

● Give a brief overview of science occupations by asking questions about what jobs are 
available to scientists. Expand on this by asking learners to put these jobs into a 
small number of general scientific groups – for example, teachers and lecturers 
might be classified under educational science; other groups might include industry, 
government, and so on. Revise the work concerned with developing theories carried 
out in covering learning aim B and then explain that the scientific community must 
look closely at all these theoretical ideas before further consideration can be given to 
accepting the principles. 

● Review the list of scientific theories from the specification content (A.2). This task is 
suitable for group debate and can be introduced as such by also enlisting the help of a 
learning support assistant or technician. You will need to prepare a simplified summary 
of the theories, one for each group, and ask them to look at the idea from observation 
(hypothesis) and evidence and make a decision about accepting the theory put 
forward. This can then be opened up to allow groups to explain their decisions and will 
include some suggested questions that learners may feel had to be asked of the 
theory. 

● You will need to explain that this process is called ‘peer review’ and give reasons why 
it is so important. Learners should then be encouraged to produce their own personal 
hypothesis based on some simple scientific observations. Questions could be posed 
by other learners about the reasoning behind the hypothesis, putting the learner ‘on 
the spot’ and highlighting the roles played by theorist and peer groups. 

● More able learners will be expected to give a sound explanation of the various stages 
in peer review, illustrating their points with a well-known scientific theory. Where 
significant research tasks are undertaken, insist on references from sources and 
evidence that learners have taken information and used it to create their own work. 
Wherever possible, try to incorporate actual science practical investigations to help 
develop the learning aim. Experiments on factors required for plant growth are useful 
here, carried out over a period of time, and including photosynthesis, e.g. ‘What are 
the bubbles of gas produced by aquatic plants?’ 

Assignment 3: Testing, Testing* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 3: Energy and Our Universe 

o Unit 9: Practical Scientific Project 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
and Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Application of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve 
endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Websites 

www.parkschool.net 
Contains 12 well-known contemporary theories, explained in simple terms. 

www.project2061.org 
Gives teachers some valuable background to science, ideas in general and scientific 
inquiry and so on. 

www.toptenz.net 
Gives examples of scientific theories that have been subsequently ‘proved’ wrong over 
time. Use such examples to show how science is continually developing. 

www.wilstar.com/theories.htm 
Gives a number of important aspects and definitions for the use of teachers who may use 
key terms in the lesson delivery. 
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Unit 12: The Living Body 

Delivery Guidance 

Approaching the unit 
This unit is delivered through a mixture of theoretical and practical learning. Give 
your learners opportunities to complete practical activities where appropriate to 
support their learning and understanding of the unit as a whole. Learners will need 
access to the internet, and a visit to a medical laboratory would be very motivational. 

Delivering the learning aims 
Learning aim A is focused on developing your learners’ understanding of the 
structure and function of a selection of body systems. 

● Give learners the opportunity to explore enzyme function via practical activities. 

● Use DVDs to show learners the location of the structures within the systems 
covered. This will help them to place the systems into context in the human 
body. 

● Invite a guest speaker or visit a medical laboratory to discuss body systems and 
to answer any questions the learners may have. This will enhance your learners’ 
motivation and help in the completion of the suggested activities. 

● Provide access to computer facilities and the internet to carry out research for 
completion of the unit. 

Learning aim B is concerned with developing your learners’ knowledge and 
understanding of the nervous system and endocrine system. 

● Use some theoretical explanations for these systems. However, the nervous 
system could also be investigated through response times and reflex actions 
using practical activities. 

● Use appropriate DVDs or internet clips to show the action of the two systems. 

● Complete card-matching activities to link the new terms with their meanings. 

● Provide access to computer facilities and the internet to gather research material 
independently to help complete activities. 

● When learners complete practical investigations, they must observe good health 
and safety practice. Risk assessments must be carried out with collection of data 
taking place under full supervision. Some of your learners may be more 
confident in completing practical activities if they work in pairs. You can allow 
this because the practical investigations are not assessed in relation to the 
assessment criteria. 

● Following practical investigations, allow your learners time to reflect on their 
findings and to discuss anomalous results both with you and within the group. 
Suitable reflective activities, in addition to discussion, include comparing 
advantages and disadvantages, looking at similarities and differences, and 
suggesting possible improvements to the practical work. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 12: The Living Body 

Introduction 
You could introduce this unit to learners using recent government/NHS/WHO campaigns 
aimed at improving the health of individuals. You could discuss campaigns such as 
healthy eating (‘5-a-day’) to stimulate interest in the digestive system and smoking 
cessation campaigns in relation to the respiratory system and cardiovascular system. 
Engage learners using current topics and then develop their understanding of the 
principles of the systems. 

Learning aim A: Develop a knowledge of the structure and function of individual 
body systems 

● A visiting speaker from a medical laboratory or making a visit to a medical laboratory 
(or one where they deal with human body systems) to observe technicians/scientists 
at work would be helpful in motivating learners and gathering information towards 
their evidence. 

● Learners will need to provide evidence that they have met the unit specification 
content for all body systems.  

● Teach learners the structure and function of the digestive system relating to 
mechanical and chemical digestion. Learners could make good use of diagrams of the 
digestive system by labelling the component parts. Use card-matching activities in 
which learners match the name of a digestive system structure with its function. Give 
learners an opportunity to complete a practical investigation on the effects of enzyme 
activity. They could demonstrate the action of pepsin on protein, amylase on starch 
and lipase on lipids. 

● Teach the structure and function of the respiratory system. Again, learners could 
label diagrams with the component parts of the respiratory system and use card-
matching activities to link component parts with their function. Give learners an 
opportunity to complete a basic practical investigation of the presence of carbon 
dioxide in exhaled air by breathing into limewater. This will allow them to discuss the 
difference between the air we breathe in and the air we breathe out. Learners could 
make use of computers to develop a short animation or podcast to explain the 
mechanism of gaseous exchange over an alveolus. This need not be a long 
presentation and it would allow learners to explore the exchange of gases using a 
visual stimulus. 

● For learners to develop their understanding of the structure and function of the 
circulatory system they could label given diagrams and, again, use card-matching 
activities to link structures with their functions. Learners could devise a model of the 
circulatory system to demonstrate it as being a closed circuit. Care will need to be 
taken because any small leak will show how important a closed circuit is to ensure 
correct function. This will allow learners to discuss what could potentially happen if the 
circulatory pathway is disrupted: to cells not receiving adequate food and oxygen, 
wastes not being removed and so on. Learners could also dissect a lamb’s heart to aid 
understanding of the internal structure of the organ. 

● When teaching the renal system, describe the homeostatic mechanisms of fluid 
balance, salt balance and pH levels. Learners could use card-matching activities to 
match structures with functions. Using basic equipment, learners could make a 
primitive model of the glomerulus. They could also dissect a lamb’s kidney to help 
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Unit 12: The Living Body 
them see where the cortex, medulla and renal pelvis are located. Diagram-labelling 
activities will also be useful. 

● When teaching the structure and function of the reproductive system, make use of 
compare/contrast games. Learners could compare and contrast the structures and 
functions of the male and female reproductive systems. They should make use of 
diagrams so they can label the structures of both systems. 

● Where relevant and appropriate show DVDs about all these systems and enable 
access to the internet so that learners can investigate topic areas further. Also, 
where possible, use models of the systems so that learners can see structures 
relative to other body parts/systems. 

Assignment 1: What Does This Do – What’s it For?* 

Learning aim B: Develop a knowledge of how body systems are coordinated 

● When teaching the nervous system, learners could make use of labelling diagrams. 
They must know the structures of the central nervous system. Learners must also 
understand the process of the reflex arc and they could investigate this practically 
using the knee-jerk reaction. They could use the results of this investigation to 
discuss the role of the reflex arc and the series of events that occur in one. 

● When teaching the endocrine system, learners are required to understand the 
functions and secretions of the endocrine glands listed in the unit content. Learners 
could use cloze exercises for this, and they could also label the location of endocrine 
glands on diagrams. You could group learners into pairs and assign a specific 
endocrine gland for them to research. They could then develop a short presentation 
for the rest of the group. Supplement this with a group discussion of the glands 
presented. 

● Following the teaching of the endocrine and the nervous systems, learners will need 
to consider the relationship between the systems. This could take the form of them 
completing a table identifying the similarities and/or differences. You could discuss 
the relationship with learners by comparing the need for protection (nervous system) 
of the body with long-term homeostasis (endocrine system). Learners could be given 
various scenarios and be asked to identify each as an example of nervous control, 
endocrine control or both. 

● Where relevant and appropriate show DVDs covering the systems and enable access 
to the internet so that learners can investigate topic areas further. Also, where 
possible, use models of the systems so that learners can see structures relative to 
other body parts/systems. 

Assignment 2: Raging Hormones or is it My Nerves?* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 1: Principles of Science 
o Unit 4: Biology and Our Environment 
o Unit 7: Health Applications of Life Science 
o Unit 16: Science in Medicine 
o Unit 17: Understanding Human Behaviour 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
and Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Principles of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve 
endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Videos 

The Visual Guides: Human Body (Mac/PC DVD) by Merriam Webster, 2009 
DVD suitable for showing the anatomy and physiology of body systems. 

National Geographic: Incredible Human Machine (DVD) (Freemantle Home 
Entertainment) 
DVD suitable for showing the workings of the human body. 

Websites 

www.bbc.co.uk/health 
Contains suitable theory for teachers and learners on the body systems included in 
this unit. 

www.bbc.co.uk/schools/gcsebitesize 
Contains suitable theory and images for teachers and learners on the topics of this 
unit. 

http://lgfl.skoool.co.uk/content/keystage3/biology/pc/learningsteps/ENZLC/launch.html  
Online tutorial on the basics of enzyme function. 

www.ngfl-cymru.org.uk/ 
A set of online resources suitable for the teacher and learner on a range of topics 
covered in this unit. 

www.schoolscience.co.uk 
Gives a range of teaching resources, activities and animations that cover most of the 
body systems covered in this unit. 
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Unit 13: Monitoring the Environment 

Delivery guidance 

Approaching the unit 
This unit provides learners with plenty of opportunities to develop their skills in 
practical work. You will require access to equipment appropriate for sampling and 
analysing aspects of ecosystems – such as sweep nets, pooters and quadrats – the 
use of which helps to fulfil some of the mathematical components of the specification. 

Local councils have environmental departments with employees who regularly 
monitor aspects of the local environment. These professionals are a useful resource 
that can help in delivering ‘real-life’ scenarios to learners. 

Learners should also have access to ICT to research global environmental issues that 
bring together scientists from all over the world in an attempt to solve problems that 
humans themselves have created. Many tabloid newspapers and scientific journals, 
such as Nature and New Scientist, give up-to-date reports on environmental issues 
and it would be worthwhile asking colleagues and learners to collect these as an 
information resource. 

Delivering the learning aims 
Learning aim A is partly to ensure that learners are familiar with the key terms they 
will encounter throughout the unit. 

● Although there is less focus on practical work, there is potential to incorporate 
practical activities that encourage learners to contextualise key terminology and 
facts learned in the classroom. For example, the study of food chains, webs and 
interrelationships could be combined with an awareness of local ecosystems in a 
mini-project involving work outside the classroom. This would provide learners 
with practical experience to help them prepare for the more formal practical 
investigations carried out under learning aim B. 

● In learning aim A significant emphasis is placed on making learners aware of 
environmental issues on both the local and the global scale. You may wish to 
exploit the expertise of environmental specialists to help learners to identify with 
the vocational context of their study 

● Learners will need access to ICT and other resources to research and obtain 
relevant and current information that can be incorporated into their work for 
assessment, and that will also provide them with the knowledge to progress 
confidently through the remainder of the unit. 

● Learning aim A complements much of the study carried out for learning aim C 
and aspects of each could be combined to encourage more effective use of time. 

Learning aim B is achieved through practical investigations and you will need 
access to a range of practical equipment that enables learners to gather the required 
information to meet the criteria. 

● Ideally, some of the equipment used to make measurements of environmental 
factors will be ICT-based – such as the use of pH probes when analysing water, 
although it would be useful for learners to also gain an idea of alternative ways 
of measuring the same factor. Learners will be required to collect samples 
themselves, demonstrating skill in the use of scientific equipment and this will be 
evident in work submitted for this learning aim. 
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● Learning aim B provides ample opportunity for learners to develop their 
mathematical skills – this should be encouraged where possible and incorporated 
into the written work that accompanies the practical work. Some learners may 
need support in tackling some of the calculations and also in their approach to 
practical work. This could be provided through pre-prepared practical procedures, 
exemplar calculations and conclusions drawn from secondary data that learners 
can use to help them with their own analyses. It is important that learners are 
made aware of the care that must be taken in handling living organisms and that 
these should be returned to their environment unharmed once they have served 
their purpose. 

Learning aim C could be delivered alongside learning aim A to form a larger 
assignment. 

● This could introduce variety in the ways that learners develop their knowledge 
and understanding of the various organisations that deal with environmental 
issues. 

● The research on environmental organisations would ideally be supplemented, for 
example, by information gained from guest speakers, leaflets or news articles 
published by relevant organisations. 

● There is a wealth of detail on the websites of environmental organisations that 
provide clear, concise and stimulating material for learners. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 13: Monitoring the Environment 

Introduction 
You could introduce this unit using video footage or photographs of the effects of human 
activities on the environment. There are many images on various websites that show how 
human activities have affected living organisms and their habitats, although care should be 
taken because some of these can be quite harrowing to more sensitive learners. Discussing 
the issues raised by the images should encourage learners to think ‘outside the box’ and to 
put forward their own opinions on sensitive issues that are a global concern. 

Learning aim A: Investigate ecosystems 

● A visit from an environmental scientist speaker or a visit to an environmental trust 
site would help learners to gather information towards their evidence. 

● Introduce learners to the environment by identifying different ecosystems in the 
school grounds or local area. Learners could take photographs of some of the living 
organisms they find and use these to provide evidence of their understanding of the 
key terms for A.1. Investigating the local ecosystems in this way also covers some of 
the criteria for A.2 and the work could be integrated. 

● Learners could make up a series of cards using their photographs or images from 
websites to explain key terms, or build up a glossary that could be used as part of a 
newspaper article. 

● Use videos or websites to show learners examples of ecosystems and food chains 
and webs within them in a wider context, particularly when tackling A.2 where 
learners might submit work on ecosystems they are unlikely to visit. 

● Learners could then use the internet or other resources to carry out independent 
research into ecosystems in rainforests and other regions. 

● Lead an activity to reinforce the idea of energy transfer through ecosystems. Using 
worksheets would help learners to develop an understanding that could be 
transferred to their portfolio work. 

● Engage learners and stimulate discussion on the content in A.3 by showing video 
clips or photographs that introduce and highlight the consequences of human 
activities for the environment. Learners could then work in groups to decide on the 
type of activity responsible for the consequence and discuss the effects on living 
things. 

● You could support less able learners with picture- or text-based match cards covering 
the content of A.3 as appropriate, where they build their knowledge and 
understanding by pairing a pollutant with an effect. 

● You could extend learners by using secondary data that they can analyse to explain 
the short- and long-term effects of polluting activities. The data should cover the unit 
content listed in A.3 as appropriate, which you could provide or guide learners to 
research independently. 

● Draw the learning together and ensure that learners working at a higher level can 
explain and evaluate the scale and scope of specific human activities on one 
ecosystem. 

● Learners should then bring together their learning in a scientific newspaper article on 
the structure of an ecosystem, its energy and how human activity affects it. The 
illustrated article should draw on creative talents for presenting the information in a 
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Unit 13: Monitoring the Environment 
visual way. Learners could share their articles with others using a PowerPoint® 
presentation. 

Assignment 1: How Do Human Activities Impact on Ecosystems?* 

Learning aim B: Measure features of an ecosystem 

● Explain to learners that to carry out an investigation/assessment of an ecosystem, 
they must develop skills in identifying techniques and using scientific equipment to 
make measurements of environmental factors – throughout the process they should 
record, present and evaluate results and conclusions. 

● Invite a guest speaker from a construction company to present details to learners of 
the types of environmental tests they carry out before purchasing land and how they 
go about carrying out investigations. Learners could construct questionnaires in 
preparation for the presentation – these could be completed and presented as part of 
their work to put it in context. 

● Equipment: demonstrate equipment use to learners so they are familiar with how to 
use it before making their own measurements of environmental factors, particularly if 
digital apparatus is to be used. 

● Soil composition and analysis: there are various written methods of analysing soil 
readily available from the internet and many of these are ‘learner-friendly’, listing 
materials and procedures that are likely to be easily accessible. You could give 
learners these methods if appropriate or ask them to research their own – although 
you would need to check to ensure they do not breach health and safety regulations 
and that you have the equipment available. Soil-testing kits are easily obtained from 
garden centres at reasonable cost and come with their own instructions that learners 
could follow to obtain measurements such as the mineral ion content of soil. 

● Water analysis: make learners aware of the various reasons for analysing water. You 
could invite a guest speaker from a water company to deliver information to learners. 
Water analysis could be carried out by using kits that can be purchased to test for 
nitrates and chlorides, or by using chemicals that you may already have in your 
centre. The presence of chloride ions in water, for example, can be identified using 
nitric acid and silver nitrate solution. 

● Rainfall, temperature, humidity: learners may decide for themselves which aspects of 
rainfall they wish to test, from the amount of rainfall in a period of time to its pH.  
They may be able to come up with their own method for making these 
measurements. Hygrometers can be used to measure humidity and these come in 
both mechanical and digital forms. Standard thermometers can be used to measure 
air and water temperatures, although learners may have the opportunity to use data 
logging equipment to measure these aspects of the environment. Learners are likely 
to need guidance on how to use these instruments and what their measurements 
actually show so that they are confident in using their data in subsequent analyses 
and conclusions. 

● Wind: you could introduce learners to measuring wind speed by showing them a 
video clip that demonstrates how to use an anemometer: 
www.bbc.co.uk/learningzone/clips/measuring-wind-speed-using-an-
anemometer/11172.html  

● Prompt learners to think about the reasons why wind speed is measured by asking 
questions and encouraging them to make notes of the responses made by other 
learners in the group. For example, wind speed may determine which crops are 
grown in a particular area – taller crops are less likely to be successful in areas 
where high wind speed is frequent. Learners could use their notes as an introduction 
prior to presenting their measurements. 
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Unit 13: Monitoring the Environment 
● Biodiversity: learners will need some guidance in their use of apparatus to estimate 

biodiversity. In this case, the use of pitfall traps, pooters and quadrats can all be 
demonstrated – the calculations required when using quadrats to estimate population 
sizes may need to be taught. 

● Identification keys: learners should be familiar with constructing identification keys 
from the work carried out for Unit 4: Biology and Our Environment but you may need 
to remind them of this. A simple refresher for constructing identification keys could 
be to provide learners with a sheet showing pictures of different flags or coins and 
building a key from these by devising appropriate questions. 

● The organisms caught using the trapping apparatus may form the basis for 
identification keys – note that further resources, such as identification books or 
internet access, may be required to help learners to identify living things. 

● Identification keys can be incorporated into a report that learners may produce on 
the environmental factors they have measured or submitted separately as a visual 
display or PowerPoint® presentation. 

● Air particulates: learners are unlikely to be familiar with the term ‘particulates’. A 
simple brainstorm session may initiate responses from learners that will make them 
aware of airborne particles such as pollen and dust that can be measured. Learners 
can easily make their own equipment to estimate particulates in the air – as with 
other environmental factors they have measured, they will need to provide evidence 
of the techniques they have followed. 

● There are several websites that demonstrate how measurements of air particulates 
can be carried out. For example, www.vernier.com/files/sample_labs/ESI-32-
measuring_particulates.pdf lists the equipment needed and a method that can be 
followed – you may need to adapt this slightly to be more learner-friendly. 

● The environmental factors that learners measure could be presented as a report with 
sections dedicated to each factor measured.  

● You may wish to help learners initially on how to set out their findings for one of the 
practical activities undertaken, and encourage them to follow this layout for the other 
activities carried out. 

Assignment 2: Investigating an Ecosystem* 

Learning aim C: Explore environmental protection 

● Learners must understand the roles of various environmental organisations and how 
they work to improve the environment. Professionals from the organisations listed in 
C.1 and C.2 of the specification would be more than pleased to make learners more 
aware of environmental issues, and of the current and proposed strategies for making 
the environment a cleaner and safer place to live. You can use the websites listed at 
the end of this unit to request guest speakers or literature detailing their work. 
Learners can use these as information resources to help them compile their work. 

● If you are unable to get guest speakers then learners could be directed to the 
websites of the listed organisations to carry out independent research on the work 
they do for the environment. 

● Explain to your learners the type of information they need to gather and how to 
construct their work in order to meet the criteria for learning aim C. An introduction 
to this work might take the form of photographs showing various forms of pollution – 
such as smog, algal blooms, oil spillages and excessive use of pesticides – and their 
effects on the environment. Learners could be given a list of the environmental 
agencies from the specification with brief details of their roles, and then work in 
groups to construct concept maps that detail which organisations might be involved 
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in monitoring and tackling these issues. 

● Further information could be gained from guest speakers invited from various 
organisations to present details of case studies or topics on the local or national 
agenda. Learners can prepare for the visit by writing down a list of questions or by 
constructing a questionnaire that would help them to compile their reports. 

● The information gained from the various sources, including information obtained from 
independent research carried out by the learners, can be merged to produce a report 
that focuses on two or three aspects of environmental protection in detail, with brief 
details covering the roles of the remainder of the organisations, or a report that 
covers all the organisations in less depth. 

● Learners could start with the aspect of environmental protection they have chosen, 
and devote a section to the role of a specific agency involved in that area. You will 
need to discuss with learners the details of any conversation that they may have with 
outside agency staff to ensure that they obtain relevant information. 

● Learners could then focus a detailed section on one of the named agencies in the 
chosen area of protecting the environment, explaining what the agency does and its 
role in protecting the environment. 

● Further sections could then be devoted to a strategy that could support and extend 
the work previously explored with the chosen agency in the chosen area for 
protecting the environment. You will need to make sure that learners have chosen a 
suitable strategy and that they have justified it. 

Assignment 3: Saving the Planet* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 4: Biology and Our Environment. 

Resources 
Journals 

Nature 
A highly reputable weekly illustrated journal covering all science disciplines. 

New Scientist 
A weekly science and technology magazine with diverse subject matter.  

Scientific American 
A good resource for teachers to consult, the articles are likely to be too advanced for 
level 2 learners but may provide inspiration for teaching. You will need to look at the 
list of topics covered to find relevant material.  

Videos 

www.bbc.co.uk/learningzone/clips/energy-in-food-chains/10600.html 
A short clip that defines key terms such as ‘producers’ and ‘herbivores’ while focusing 
on energy transfer through food chains. 

www.bbc.co.uk/learningzone/clips/food-chains-and-food-webs/10601.html 
A brief overview of food chains and webs in specific ecosystems. It touches on the 
implications for organisms as a result of human interference. 

www.bbc.co.uk/learningzone/clips/habitats-and-ecosystems/10598.html 
A good starter activity to introduce learners to different ecosystems, habitats and the 
communities of living organisms that can be found in them. 

www.youtube.com/watch?v=3zyizEz9XUs&feature=related 
An amateur video produced by learners which hits home some of the effects that 
human activities have on living organisms and the planet – there is no narrative. 

There are many other full-length videos available, such as The Frozen Planet and 
Planet Earth produced by the BBC, that provide superb examples of different 
ecosystems and the living things found in them. 

Websites 

www.bbc.co.uk/learningzone/clips/ 
Provides a wealth of short video clips, many focusing on aspects of the environment 
that can provide material to supplement teaching and support learning. 

www.gould.edu.au/foodwebs/kids_web.htm 
This interactive website helps learners to understand the different feeding levels in 
food chains and webs and reinforces key terms such as ‘herbivore’, ‘omnivore’, 
‘carnivore’ and so on. Learners build up food webs in different ecosystems from the 
organisms provided. 

The following websites provide information on environmental pollution and 
conservation, as well as providing learners with details to meet the specific criteria 
for learning aim C: 

www.defra.gov.uk 
Gives details of how the Department of the Environment, Food and Rural Affairs deal 
with environmental issues. 
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www.environment-agency.gov.uk 
Environment Agency – gives information on pollution and provides information and 
educational resources to the public. 

www.foe.co.uk 
Gives details of the work carried out by Friends of the Earth. 

www.greenpeace.org.uk 
Gives details of the work undertaken by Greenpeace. 

www.iucn.org 
Gives details of the work undertaken by the International Union for Conservation of 
Nature. 

www.naturalengland.org.uk 
Gives details of the work carried out by Natural England. 

www.wwf.org.uk 
Provides details of the work carried out by the World Wide Fund for Nature. 

The websites of local councils are also very likely to have an environmental page that 
may report local environmental issues and give links to relevant websites that can be 
used for research. 
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Unit 14: Growing Plants for Food 

Delivery Guidance 

Approaching the unit 
Learners will engage in a practical approach using investigative assignments as part 
of understanding where food comes from, the relationship of food to the environment 
and other key factors surrounding food production. 

You could spark learners’ interest with something they can immediately relate to, 
such as a menu from Pizza Hut or McDonalds. Ask them to look at the ingredients 
and research from which country they originated and from what plant or animal. Ask 
them to look for any indication that GM ingredients have been used and to see if they 
can explain the significance of disclaimers such as ‘no GM sourced ingredients used in 
our food’. 

Hold regular group sessions/tutorials throughout the unit to keep research focused 
and to ensure that learners can manage the amount of material available. You will 
need to supervise closely, ensuring they follow safe practice and that their readings 
from experiments are correctly logged. Pooling results across groups will probably 
give more-usable data. 

If the assignments suggested in the specification are used, they could be introduced 
together. When Assignment 1 is underway and learners are waiting for results, they 
could undertake research to find secondary data for Assignment 1, and also to 
research material to use in Assignments 2 and 3. 

Delivering the learning aims 
The easiest way to approach this unit is to plan to do learning aim A first. It is not 
always easy to plan experiments that involve working with live plant material but this 
is required for learning aim A. The plant material will need to be available so that the 
factors affecting plant growth can be tested. Careful planning will enable you to have 
pots of suitable plant material growing for learners to experiment on. 

● Alternatively if plots with plant material are available outside they can be used to 
investigate the effects of fertilisers, chemical pesticides and weed competition. 
Make sure appropriate health and safety assessments are carried out. 

● You could allow the learners to set up pots of plants to grow under optimal 
conditions (A.2). Once these conditions have been monitored they can try 
altering them (A.3). When this is complete the same pots can be used to cover 
A.1. 

● This will obviously take some months to do depending on the time of year, and 
your technician will have to be very well briefed on what is required. 

Once learning aim A is underway, there will be periods when there is nothing to do 
other than making regular observations. During this time learning aims B and C can 
be tackled. In learning aim B the investigation is theoretical and you will need to do 
some introductory work in terms of formal input covering the main topic headings. 

● There is a lot of information available and you will need to guide learners so they 
are not overwhelmed by all the data. 

● It might be wise to approach B.1, B.2 and B.3 in three separate sessions using 
mind maps, spider diagrams, discussions, video loops or a nature programme to 
get ideas and to help learners realise how vast the subject is. 



UNIT 14: GROWING PLANTS FOR FOOD 

Delivery Guide – Pearson BTEC Level 1/Level 2 First Extended Certificate in Applied Science – 
Issue 2 –October 2014 © Pearson Education Limited 2012 

110 

Learning aim C is focused on plant breeding and most learners will be able to 
express some opinion about GM plants and the various associated pros and cons. 

● A good starting point to get learners interested is to introduce the topics covered 
in C.1 to C.5. 

● Do not forget that conventional selection and breeding programmes are also the 
result of genetic modification – albeit in a different way and timescale. 

● Again there is a lot of material available so the websites and case studies your 
learners use will need careful selection. 

● A visit to a plant-breeding establishment would be very useful, although many 
are wary of allowing visits. The alternative is to try to get one of their plant 
breeders to visit the school and give a talk. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 14: Growing Plants for Food 

Introduction 
Food will usually capture learners’ imagination but very few will think about how food 
reaches them – not only in transport terms but also that it has to be grown. To introduce 
this unit start with a discussion/debate – for example using GM foods, or wheat being 
sent as food aid to India and rotting in huge piles in warehouses. You could use a ‘20-
questions’ game in which two learners are given information about a related topic. The 
rest of the class can ask 20 questions to find out what the topic is – the answering pair 
can only answer ‘yes’ or ‘no’. This is a fun way to start this unit but it’s not intended to be 
taken too seriously! 

Learning aim A: Investigate plant growth conditions 

● A visiting speaker from a horticultural centre or a visit to a horticultural laboratory 
will be of value to learners. Use the results of such to encourage learners to research 
what plants need to grow – correct temperature, light, water, nutrients, etc. – then 
relate this to the practical work they will be doing. 

● Learners carry out practical work into the optimal conditions plants need to grow. 
The factors that learners need to consider are listed in the specification. Explain that 
details about the structure of plants and plant cells are not required here. The 
conditions actually tested should reflect their research, i.e. light, temperature, 
nutrients and water. Remember that while learners are waiting for results from their 
growing experiments they can be doing their research. They could also research 
growing conditions in farmers’ fields – see the penultimate bullet point. 

● Ensure that learners know how to measure plant growth under optimal and other 
conditions, and how this compares to real conditions in the field. For example, you 
could discuss what to measure with regard to the plant – number of leaves, leaf size, 
root size, dry weight gain. You will need to assess data from field trials before giving 
it to learners to use because it may be in a format that makes comparisons with their 
work difficult. Published results of field trials can be obtained from various sources 
including agricultural magazines. 

● Guide learners as they monitor plant growth, record results and compare their 
primary data with secondary data produced by other people and other scientists’ 
results. 

● Establish with learners the factors that affect plant growth as a result of both their 
theory and practical work – light, nutrients, chlorophyll, water, temperature. 

● Finally learners must apply their findings to reality, i.e. comparing the products of 
optimum conditions in the laboratory with results achieved in a farmer’s field. This 
research could be done while waiting for their practical results.  

● Learners should produce a written report explaining the optimum growing conditions 
for plants. It is perfectly acceptable for them to use labelled diagrams to help with 
their explanations. 

Assignment 1: What Do I Need to Grow?* 

Learning aim B: Investigate the relationship between food production and 
population size 

● Learners could start by visiting a local supermarket and noting the price of imported 
food products. Discuss the costs involved in getting such food into the country, i.e. 
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Unit 14: Growing Plants for Food 
food miles and how much the country of origin received by way of payment.  

● Follow up the supermarket visit with small-group sessions covering the issues around 
food production. Bring the groups together to focus learners’ ideas so they can 
identify the factors influencing food production as outlined in the specification. A 
large collective spider map might help to encourage all learners to contribute. 

● Give a presentation on food-production issues including population size and 
production methods, and the collapse of food production along with political and 
economic issues. Summarise previous group research and discussion as part of this 
presentation. 

● In small groups, each group then chooses one factor from the presentation, e.g. 
population size, climate, market demands, food aid, and undertakes research and 
prepares a short oral presentation for the class. From this, you can build up a 
chart/cloud map/ideas map covering all the relevant main points that the learners 
need to know about for each factor and help learners to map them against the 
assessment criteria. 

● To develop learners’ ideas on how to increase food production they could start with 
Britain and then compare it with other developed countries, and different less-
developed countries. Learners could divide the research work among their group, and 
choose their own deadlines and methods of presentation. All this could be recorded 
on a whiteboard so everybody is aware of the roles. Encourage learners to interview 
other staff such as geographers or food technology staff to gain information. 

● Guide learners towards how to evaluate the impact of policies and economics on the 
relationship between food production and population size. For example, some 
learners will say that war in African countries stops food production, or only buying 
from certain countries is a cause of problems, or wanting everything as cheap as 
possible and so on. 

● Take learners through the points raised and discussed and give them some 
guidelines about how to put it into either a written report or a blog. Some guidance 
will be needed but do allow learners enough freedom to come up with their own 
presentation ideas – providing that the content covers the assessment criteria. 

Assignment 2: How Much Food is Needed?* 

Learning aim C: Explore plant breeding for commercial success 

● Learners will be familiar with genetic modification as a technology used in plant breeding. 
Use some well-chosen case studies to initiate discussion about the controversy it raises. 
For example, Rothamstead Research Station is trying to grow GM crops as part of a field 
trial but past efforts to do this in other areas in Britain have been sabotaged by ‘green 
protesters’. The attempts at gene modification which gave rise to Dolly the sheep and pet 
cloning in America are readily available case studies to start discussion and stimulate 
research. 

● Make sure that learners give both positive and negative arguments with regard to 
this type of technology and ask them to look at the attitude of other countries – 
America in particular – where gene modification is not a big issue. Learners should 
think about why there are such attitude discrepancies between countries. 

● Hold a group discussion on other technologies such as selective breeding of plants for 
different characteristics, e.g. resistance to drought or pests. Make sure learners 
realise that genetic modification has been around for thousands of years, e.g. more 
recently by deliberate selective breeding at the time of the Agrarian Revolution. You 
could show learners photographs of present day foods such as tomatoes and 
potatoes and what their plant ancestors looked like. Although genetic details are not 
required, learners should realise the significance of polyploidy in plant breeding. 
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Unit 14: Growing Plants for Food 
● Learners can then develop this theme to show how successful breeding has been to 

give us the food we have today. Taking one food staple each – such as wheat, 
barley, oats, tomatoes and potatoes – learners should explore how breeding 
programmes have altered these foods to the form seen now. The grading criteria 
require a balanced view of plant breeding and its commercial successes in feeding an 
increasing population. 

Assignment 3: How Should We Breed Plants?* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 13: Monitoring the Environment 

Resources 
Websites 

There are many sites that deal with food production and population size, providing 
up-to-date information that could be used – for example, case studies for teaching 
use and research. Using a search engine will identify those most useful for individual 
centres. 

www.answers.com/topic/plant-improvement 
Good resources for teachers for information on plant breeding. 

www.bbc.co.uk/schools/gcsebitesize/science 
Good site for plant hormone experiments for teachers and learners. 

www.bspb.co.uk  
Excellent resource for teachers and learners on plant breeding. 

www.cls.casa.colostate.edu 
Resources for teachers on the history of plant breeding – American site. 

www.ehow.com 
Simplistic but provides ideas to get started with on experiments about plant growth 
requirements. 

mgonline.com/articles/experimentsforkids.aspx 
Simplistic but provides ideas to get started with on experiments about plant growth 
requirements. 

www.science2education.co.uk 
A soil-less garden kit that avoids the need to plant pots with soil and so on – involves 
a purchase. 

www.sciencemadesimple.com/botany-plant-project 
Science projects on plants – a good resource for teachers and learners 
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Unit 15: Investigating a Crime Scene 

Delivery guidance 

Approaching the unit 
This unit gives learners lots of opportunities to practise key skills and get hands-on 
experience of forensic work. They will need access to the internet and access to a 
laboratory. Forensic analysis kits are readily available from school suppliers and they 
contain the key components that allow learners to really experience the work of a 
forensic analyst. Due to popular TV programmes such as CSI, learners could be 
aware of forensic work at different levels and this unit will build on that knowledge, 
correct misconceptions and provide vocational opportunities. 

Delivering the learning aims 
Learning aim A is concerned with the role of forensic science in the criminal 
justice system. 

● To start, it would be useful to find out what your learners already know about the 
system. There are many ways of doing this, e.g. asking learners, in pairs, to 
produce a spider diagram of key words that can then be discussed as a whole 
group. 

● You could divide this learning aim into three parts: 

o What is forensic science? 

o Who is involved in forensic science and the criminal justice system? 

o What types of evidence are used in a court of law? 

● Learners could research each area in small groups, using the internet. For each 
part they could produce a different record of their work, e.g. posters, 
PowerPoint® presentations, leaflets and so on. A writing frame could be made 
available if learners need more assistance. 

● It should be noted that the centralised Forensic Science Service has been 
disbanded. As a result, each police force has appointed one or more external 
agencies to provide their forensic services. You could ask your learners to 
research which company provides these services for your local police force or, 
alternatively, you may be able to arrange for a representative from the company 
serving your area to visit your school as a guest speaker. 

Learning aim B focuses on the role of a scene of crime officer (SOCO). 

● This involves learners in appreciating how the scene of a crime is processed and 
how evidence is collected. This learning aim can be explored using interactive 
web sources. There are many free resources available online but it is 
recommended that you fully explore a resource before using it with your learners 
because some will be unsuitable. There is also a wealth of online TV clips that 
show how a crime scene is investigated. Allowing learners to watch the 
processing of a crime scene will bring the topic to life. 

Learning aim C focuses on the analysis of the evidence collected and its submission 
to a court. 

● It is important that learners get hands-on laboratory experience that they can 
then write up as a forensic analyst would. The STEM website has a very good 
SEP booklet called Forensic Chemistry. This details a number of forensic 
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practicals that can carried out easily in a school laboratory – for example, the 
chemical development of latent fingerprints. The BBC website has an activity 
called ‘Forensic detectives’. This would be more suited to lower ability learners, 
but could be adapted to suit the more able. 

● There are school suppliers who produce very good forensic kits that can be 
purchased. Some of these contain all the specialist equipment needed to carry out 
the analysis. 

● There are companies that offer forensic science workshops for schools. You can 
find one for your area by using an online search engine. 

In summary, this unit gives lots of opportunities for practical, vocational work. Some 
learners may find the volume of information involved overwhelming. It is worth 
considering this carefully and breaking down the unit into small sections if you think 
this will help. In addition, if you have a large group it may be worth dividing it into 
smaller groups and carrying out any practical work in rotation. This would allow you 
to ensure that all learners are fully engaged. Note that it is vital that all practical 
work is risk-assessed and that learners are fully aware of the risks. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 15: Investigating a Crime Scene 

Introduction 
It could be useful to show a video clip of a crime scene investigation in action, followed by 
a court scene. Great care needs to be taken when selecting any video clips because some 
are unsuitable for under-18s. Both real-life and drama clips are available on 
www.youtube.com. Ensure that you watch the clip in full before showing it to your group. 

Learning aim A: Understand the role of crime scene investigation and forensic 
science and their relevance to the criminal justice system 

● To start this section you may want to introduce an overview of the criminal justice 
system before looking at the role of forensic science in detail. Most learners will be 
able to name the key roles, e.g. prosecution, defence, victim. They may not know 
the difference between county courts and magistrate courts so be prepared to 
explain this. Details of the differences can be found on the Citizens’ Advice Bureau 
website. A card-sort activity could be used to test learners’ understanding. A visiting 
speaker from the forensic science service or from the police would also be valuable. 

● Most learners will be familiar with the concept of crime scene investigation but may 
not understand the difference between the police, SOCOs and forensic analysts. This 
needs to be explained to learners early to ensure clarity. It is a common 
misconception that SOCOs are the same as forensic analysts and, due to 
programmes such as CSI, learners may believe that forensic scientists also interview 
witnesses and so on. To help ensure that roles are understood, a list/table of all the 
roles involved could be given to the learners and they could research each job. 

● To introduce the types of evidence that can be submitted to a court you may want to 
give your learners newspaper articles of recent high-profile court cases. This type of 
article often has details of the evidence given in court. In pairs, your learners could 
identify the different types of evidence, discuss their value and then decide whether  
it is conclusive or inconclusive. Each pair could feed back to the whole group so that 
ideas are shared, giving you the opportunity to contribute and guide your learners. 

Assignment 1: A Small Matter of Evidence* 

Learning aim B: Process the information at a crime scene 

Learning aim C: Analyse evidence collected from a crime scene 

● One way of teaching learning aims B and C is to construct a simulation of a crime 
scene that learners will investigate. However, before they embark on taking on the 
roles of a SOCO and a forensic analyst they will need to see this work in action. 
There are numerous websites offering interactive crime scenes. These are really 
useful and your learners would probably enjoy using them. However, most do not 
explain the importance of safety hazards likely to be met when processing a crime 
scene, nor do they discuss the steps taken to secure and record details of a crime 
scene. You should discuss this with your learners, perhaps using a TV clip showing 
SOCOs at work (many police dramas have these scenes). You could then ask learners 
to produce a record sheet that they could use to record their observations during the 
simulation – one that you could check prior to the exercise. It would be helpful if 
learners produce a plan for what they intend to do when they enter a crime scene – 
they could outline what they are looking for and how they will do it. 
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Unit 15: Investigating a Crime Scene 
● A full risk assessment needs to be carried out by you or your technical team before 

you carry out this activity. 
Part 1: Setting up a crime scene 
● You will need a specific area of classroom – or perhaps a prep room or spare office – 

where you can set up a crime scene before learners arrive. The scene does not need 
to be elaborate, but could be if you want. You may want to have a bank of 
fingerprints, shoe prints and so on which your learners can use to compare with 
those found at the crime scene.  

● You may want to include the following when setting up your crime scene: 
o a masked-out area that represents the crime scene 
o broken glass from the entry into the room – this could be small pieces of plastic or 

shredded acetates to reduce risks 
o tiny blood splatters – you could use red food dye, tomato ketchup or lambs’ blood 

if you want learners to collect it and test to see if it is blood; it is best not to use 
cows’ or pigs’ blood for religious reasons 

o a footprint – using wet soil or sand, an imprint can be left of a shoe (perhaps the 
burglar knocks over a plant in the room and leaves an imprint in the soil) 

o a fingerprint from the suspect – perhaps using the soil or the substance used for 
the blood splatters 

o a few fibres from the culprit’s clothing – a few strands of cotton thread, for 
example. 

● Before taking your learners to the crime scene you will want to give them the details 
of the crime, setting the scene before they enter the room. It is also worth getting 
them to consider how they are dressed and how they could contaminate the scene. 
Learners need time to consider the implications of contamination and discuss 
possible errors they could introduce and how this could be avoided. For example, 
they could think about the clothes they are wearing, you may want them to wear lab 
coats and to cover their shoes using the plastic shoe covers used by public swimming 
pools and/or they could cover their hair. You will also need to ensure that your 
learners are aware of the risks and the precautions needed when examining a crime 
scene. You could include a section for this to be noted on their record sheets. 

● While observing the ‘crime scene’ learners should take photographs or draw the 
scene. They need to record and collect the evidence. They will need tweezers, cotton 
buds and clear plastic bags. A ruler will be needed for measuring a footprint. 

● After learners have collected their evidence, they should write a summary report 
describing the evidence collected, the location of the evidence and any other 
observations. This is written for the forensic team but may also be used in court. 
Learners should consider linking together the evidence they have collected – does 
the evidence allow them to formulate a theory of what happened or are there any 
questions still unanswered? Learners should consider their audience when producing 
this report. They should include their drawings and/or photographs. You may want to 
design a pro forma report for this or get learners to create one in advance. 

Part 2: Analysing the evidence 
● Learners may need reminding that this role is laboratory-based and is not usually 

carried out by a SOCO but by a specialist forensic analyst. 
● As a forensic analyst, learners should keep a record of their lab analysis including the 

methods they used and any observations made. They could complete the following: 
o Compare the finger- and footprints taken from the crime scene with those of the 

suspects provided (by you). You may want to get the learners to note the details 
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of the prints, describing any shapes observed and so on. 

o Analyse fibres under the microscope, again noting any features observed including 
length, colour and texture. 

o If lambs’ blood is collected, check if it is blood by adding a few drops of ethanol, 
reduced phenolphthalein and hydrogen peroxide – it will turn pink if it is blood. 
(See SEP booklet on the STEM website.) 

● Alternatively, you could make blood analysis kits and/or DNA analysis kits available. 
You could say that additional samples were discovered by a second SOCO team that 
was searching the outside of the building/room. These kits are readily available from 
school suppliers and would allow more detailed practical work. It should be noted 
that DNA fingerprinting can be carried out only if you have access to a gel 
electrophoresis machine. There are other practicals you could do depending on your 
resources and the evidence that you provided for your learners. The more hands-on 
experience your learners get in this area the better their learning will be. 

● Learners should consider any potential errors that could be made when processing a 
crime scene. They need to think about how this will affect the evidence they collect 
and whether or not it would still be usable in court. They should also think about 
their own evidence collection, state what they did well and consider if anything they 
did could have introduced errors. 

● Once learners have completed the lab analysis of their evidence, they should then 
write an expert witness statement. This is the statement that would be used in court 
so your learners will need to think about how it should be written and who it is aimed 
at. The comments given should be impartial and given in a scientific manner. They 
should state how likely it is that the evidence obtained is from the given suspect, if 
you have nominated a suspect. They should also think about whether or not the 
evidence they have analysed is conclusive. Do they require additional evidence – for 
example witness statements – or more tests? Is there any way the evidence could 
have been contaminated on collection or analysis? 

● At the end of this activity, learners will have produced the following: 
o a plan produced before entering the crime scene, including potential safety 

hazards 
o a record of their observations at the scene of the crime written during the 

collection of the evidence 
o a summary report of the scene of the crime, including potential errors such as 

contamination 
o a record of their lab analysis, including error analysis based on the plan and the 

evidence collected 
o a witness statement – this should draw together the evidence they have collected and 

link this to what they think happened, they should also include an evaluation of 
whether they think the evidence is sufficient to bring about a successful prosecution. 

Assignment 2: Who Stole the Painting?* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 1: Principles of Science 

o Unit 4: Biology and Our Environment 

o Unit 5: Applications of Chemical Substances 

o Unit 8: Scientific skills 

o Unit 13: Monitoring the Environment 

o Unit 19: Chemical Analysis and Detection 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
and Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Application of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve 
endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Salters-Nuffield Advanced Biology: A2 Student Book, Pearson Education, 2009 (ISBN 
978-1-4082-0591-4) 

Websites 

www.adviceguide.org.uk 
The Citizens Advice Bureau website, which gives information on the different types of 
courts in England, Wales and Northern Ireland. 

www.bbc.co.uk/schools/teachers/bang/videos/lesson7_forensic_detectives.shtml 
A lesson plan including worksheets and video clips that can be used to give hands-on 
experience of forensic analysis (learning aim C). This is straightforward but simplistic 
– further activities would be needed for more able learners. 

www.edvotek.co.uk 
A company that sells school forensic kits, including full instructions. 

www.exploreforensics.co.uk 
Suitable for teachers and learners to research the field of forensic science, including 
crime scene investigation and forensic analysis. 

http://investigation.discovery.com/interactives/interactives.html 
Website produced by the Discovery Channel that has interactive games where 
learners need to solve a crime – including ‘On the run’ where the learners must solve 
four cases in order to be promoted from trainee to director of the department of 
forensic investigation. Some require extensive reading – as always, check its 
suitability for your learners. 

www.lab.fws.gov/students.php 
An American company that specialises in forensic services for solving crime against 
wildlife – a good way of illustrating how forensic science is used for legal cases. 
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www.nationalstemcentre.org.uk/elibrary/resource/1903/forensic-chemistry 
STEM website that has the SEP booklet Forensic Chemistry available for download – 
includes learner worksheets and factsheets. 

www.youtube.com 
Has a wealth of clips that can be used to show various aspects of this unit. 
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Unit 16: Science in Medicine 

Delivery guidance 

Approaching the unit 
This unit should be approached from a practical point of view as far as possible. For 
example, you could arrange visits to a hospital laboratory, physiotherapy department 
or any other departments involved in the analysis and treatment of illness. It would 
be ideal if learners could base this unit on work experience in a hospital laboratory 
setting, although realistically this is difficult to achieve. The alternative is to arrange 
for visiting speakers who have experience in this field of work and also to use 
training videos that hospitals may be willing to lend. Approaches to the local health 
centre or surgery may also be useful in locating speakers or allowing a visit out of 
surgery hours. 

Delivering the learning aims 
Learning aim A focuses on the scientific procedures used in diagnosing illness. 

● You could start by giving learners an example of an everyday problem with 
which someone might go to their GP. Ask them to imagine the doctor as a 
detective – what questions do they ask to find out what the problem is? Follow 
this up with taught sessions and research on scientific procedures used in 
diagnosis. 

● You could then set up case studies that will require learners to know about other 
methods of investigation – such as body scans, blood samples, analysis of fluids, 
cell investigation and genetics. 

● Any practical work used for A.6, A.7 and A.8 should have full risk assessments 
carried out – centres should also be aware of local authority regulations, etc. 

Learning aim B looks at investigating treating illness with the emphasis on scientific 
principles. 

● Practical work can be carried out for B.7 to give learners some idea of the 
formulations of creams, ointments, etc. 

● Divide learning aim B into physical therapies, therapeutic drugs and preventative 
treatments and give a presentation on the scientific principles behind each. This 
will form an introduction to assessment criteria 2B.P2, 2B.P3 and 2B.P4. Divide 
the class into small groups and set them the task of researching some of the 
content from learning aim B, e.g. one group could focus on B.1 to B.4. Short 
presentations on their findings or brief summaries written on a display board will 
show the other groups the findings. 

● As a follow-up, a card game could be used where you make up a pack consisting 
of diagnosed illnesses or health problems, and another series with suggested 
treatments. Learners have to match the most likely treatment with each illness. 
This will also highlight the problems when deciding on treatment and can be 
referred to again when covering learning aim C. 

Learning aim C provides learners with an opportunity to look at the factors affecting 
the treatments offered. It is divided into four areas – risks, social/ethical 
considerations, costs and religious views. 

● Use the problems thrown up by the card game used in learning aim B to initiate 
discussions about any of the considerations in learning aim C. Use a whiteboard to 
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organise the ideas into a spider diagram covering the four areas of the learning 
aim. 

● Research tasks can be set which focus learners on the content of learning aim C. 
You will need to point out that there are often no right or wrong answers here 
because differing opinions in C.2 and C.4 can be equally valid. The input from 
speakers with professional experience of C.2, C.3 and C.4 is valuable because 
this is the area where factual science meets beliefs and opinions. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 16: Science in Medicine 

Introduction 
Explain to learners that this unit needs to be approached carefully to ensure complete 
confidentiality, and that it is inappropriate for them to quote examples of their own illnesses 
and treatments or those of family and friends. The emphasis is on scientific principles and 
procedures in medicine and they need to approach it from this point of view. 
You could get the work started by using a ‘20-questions’ game. Give one or two learners 
the symptoms associated with a condition (e.g. measles, mumps, chicken pox, asthma, 
hay fever). The rest of the class are allowed 20 questions to which the two learners ‘in 
the know’ can answer only ‘yes’ or ‘no’. The aim is to show how asking the right questions 
helps in diagnosis and how difficult it can be to correctly identify a condition. Encourage 
the learners to treat it like a detective story, following the clues. 

Learning aim A: Explore the scientific procedures used in diagnosing illness 

● You could start by giving learners an example of an everyday problem with which 
someone might go to their GP. Ask them to imagine the doctor as a detective – what 
questions do they ask to find out what the problem is?  

● A visit to a medical laboratory or a visit from a medical laboratory scientist from a 
hospital would be helpful. This will help learners understand how diagnostic tools are 
used. 

● Follow this up with taught sessions and research on the biological and physical 
procedures used to diagnose illness. For example, you could ask learners to do 
research on the scientific principles underlying the biological and physical procedures 
used in diagnosis. You may need to divide the tasks among the learners and then bring 
them back together in a summary session. Explain that they need to know the 
scientific principles on which, for example, body scan machines work, but not their 
structure or detailed working. The same applies when they look at, for example, 
haematology, cytology and chemical analysis of body fluids and so on. Many of these 
processes are automated and it is the scientific principles that are required rather than 
working details. 

● You could then give case studies for learners to work on in groups that will require 
them to use the methods they have researched. This will help to consolidate their 
understanding of diagnostic procedures. Make sure learners think about the 
advantages and disadvantages of procedures used to diagnose illness. They could 
approach this from the point of view of why one diagnostic tool is used instead of 
another. Examples could be given, such as an X-ray investigation is easy to 
administer whereas an endoscopy involves a number of preliminary procedures, the 
expertise of medical staff and discomfort for the patient. Learners should be able to 
discuss that X-rays are not appropriate where soft tissue details are required (such 
as looking for polyps in the gut) whereas an endoscopy can show such detail. 
Learners should then be in a position to evaluate the advantages and disadvantages 
of biological and physical processes used in diagnostic procedures. 

● Any practical work used for A.6, A.7 and A.8 should have full risk assessments 
carried out and centres should be aware of local authority regulations etc. 

Assignment 1: How Many More Tests?* 
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Unit 16: Science in Medicine 

Learning aim B: Investigate the scientific principles of treating illnesses and 
health conditions 

● You could divide the learning into three sections – physical therapies, therapeutic 
drugs, delivery and preventative medicine – and give a presentation focusing on the 
scientific principles behind each. 

● Divide learners into three groups and ask each to research one of the categories. 
Learners should note which illnesses will be treated in their category, e.g. preventative 
medicine in diabetes involves monitoring of sugar levels, eye and circulation checks 
plus insulin or diet control to stop the condition becoming life-threatening. Make sure 
learners appreciate that it is the scientific principles of treating illnesses that they are 
concentrating on. Detailed descriptions of illnesses are not required, other than when 
they are needed to explain the treatment being used. Learners will come across a 
multitude of treatments in their research and you will need to supervise them either in 
class or by individual tutorials as to which treatments and which illness they focus on. 

● To consolidate learning, make up packs of cards each consisting of an illness or 
health problem that has been diagnosed and then a series of cards with suggested 
treatments. Learners have to match the most likely treatment to each illness. This 
will also highlight problems to do with deciding on treatment and can be referred to 
again under learning aim C. 

● To give learners some idea of the formulations of creams, ointments and so on, 
practical work could be used to make a skin cream. It could then be compared with 
pre-prepared tablets, capsules and so on that you can show the learners. Use these 
different formulations to discuss why the same drug might be a lotion or a cream, 
but not a pill or capsule. 

● Learners could draw up a table of treatments (or use another method of presentation 
if they prefer). For example, a learner could decide on a strained thigh muscle; 
possible treatment – physiotherapy such as ultrasound treatment, a series of 
exercises, hydrotherapy, along with some details of what is involved. 

Assignment 2: What is the Best Treatment – Do I Have a Choice?* 

Learning aim C: Know the factors affecting treatments 

● Use the problems thrown up by the card game in learning aim B to start discussions 
about the considerations in this learning aim. Use a whiteboard to incorporate the 
ideas into a spider diagram organised into the four areas covered by the learning aim 
– risk factors, social and ethical considerations, cost of treatments to the NHS and 
religious views. Point out that there are often no right or wrong answers here 
because different opinions can be equally valid. 

● Guest speakers with professional experience of the above areas would be valuable 
for your learners because this is where factual science meets beliefs and opinions. 

● Because C.1 is based on scientific facts, set learners a research activity on the risk 
factors associated with treatments. For example you could use prostate cancer where 
surgery, radiotherapy/chemotherapy, drug regimes involving hormone treatment or 
doing nothing are all options. Discuss with learners what the options involve in terms 
of risk, e.g. surgery involves an anaesthetic, radiotherapy/chemotherapy has side-
effects and possible damage to other tissue. Remind learners that they should 
include in their research not only the risk factors but any other factors that affect 
patient choice. You could do this in a group activity by using case studies. For 
example, one scenario could involve a single carer who has four children and no close 
relatives who needs treatment that can be delivered as an inpatient in a hospital 20 
miles away or as an outpatient in one visit per week for 10 weeks. The inpatient 
treatment will be more effective. What is the carer to do?  
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Unit 16: Science in Medicine 
● For C.2, C.3 and C.4, although dealing with some facts, there are opportunities for 

learners to express opinions. Introduce case studies in which situations are described 
and ask questions that encourage learners to think through the factors affecting 
treatments. Remind them that it is not appropriate to quote examples from their own 
treatment, or that of family and friends. You could use the example of a person who 
has had a massive stroke where severe, irreparable damage has been done to the 
central nervous system. They are on a life-support machine. The patient has always 
said they do not want to be a ‘vegetable’ but there are close family members who 
hold strong views. What considerations should be taken into account before the life-
support system is switched off? If this is extended, the discussion can look at some 
of the ethical issues associated with different treatments. Remind learners that they 
are not making judgements and often there is no ‘right’ or ‘wrong’. 

Assignment 3: What Other Treatments are Available?* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  

o Unit 4: Biology and Our Environment  

o Unit 7: Health Applications of Life Science 

o Unit 12: The Living Body 

o Unit 17: Understanding Human Behaviour 

Resources 
Journals 

British Medical Journal 
Source of information for teachers – some can be accessed online. 

New Scientist 
A weekly science and technology magazine with diverse subject matter. 

Scientific American 
A good resource for teachers to consult, the articles are likely to be too advanced for 
level 2 learners but may provide inspiration for teaching. You will need to look at the 
list of topics covered to find relevant material.  

Websites 

There are numerous websites belonging to hospitals that can be accessed for 
information, although a lot tend to be American. Be careful about the commercial sites 
found when searching because they are generally selling services and not science. 

Medical libraries in hospital centres are available to hospital staff and contain a 
complete range of specialist journals. Many departments within hospitals have their 
own small library of reference material that is also worth consulting. Teachers can 
ask to access these if they are looking for specialist material. Some of the teaching 
hospitals have a part-time librarian who might help. If you are near an HE campus 
the librarians can be approached for help in finding relevant articles. 

www.bbc.co.uk/health 
The section on talking to your doctor gives a good discussion about patient choice. 

www.bmj.com 
British Medical Journal – for teachers to access but very difficult for learners to 
understand. 

www.innerbody.com 
Human anatomy online – reminds learners about facts relating to the human body. 

www.patient.co.uk 
Provides a lot of information about diseases, treatments, medical ethics and so on, 
but you will need to use it first and guide learners to content that is appropriate. 

http://webarchive.nationalarchives.gov.uk/ 
Contains informative material on patient choice and the NHS. 
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Unit 17: Understanding Human Behaviour 

Delivery guidance 

Approaching the unit 
This unit must have a practical approach. Psychology lies on the borderline between 
the experimental sciences and the social sciences – this unit has deliberately been 
designed to lend itself to the experimental approach. Because of this, it is not 
necessary for a psychology specialist, or even a biology specialist, to teach it. The 
most important preparation for teachers leading this unit is a good grounding in the 
scientific method. There is far more to be gained from getting your learners to do the 
experiments covered, rather than teaching them the results. 

You should emphasise the importance of evaluation throughout this unit. Your 
learners may be used to more traditional scientific approaches of having a single 
theory with which to model a situation. Learners who excel at this unit will be able to 
use several theories and evaluate which approach works best in context. 

Delivering the learning aims 
Learning aim A focuses on exploring different ways to understand human behaviour. 

● The first part of this learning aim considers the different tools psychologists have 
for understanding human behaviour in the form of the biological, cognitive, social 
and behavioural approaches. 

● The second part considers human behaviour and its malleability. The most 
successful learners in this part will apply the approaches already covered to what 
they learn – for example, using a social approach to explain learned behaviour 
changes. The distinction criterion covers the nature–nurture debate and you 
should address this early on, as well as over the course of the unit, because it 
must be contextualised by the approaches learned. 

The emphasis in learning aim B is on investigation of biological influences on behaviour. 

● Criteria 1B.3, 2B.P3 and 2B.M3 relate, in increasing levels of detail, to how the 
nervous system affects our behaviour. 

● Criteria 1B.4, 2B.P4 and 2B.M4 consider the investigation of the interaction between 
biological effects and behaviour. Appropriate experiments are useful to convey these 
concepts. 

● Criteria 1B.5, 2B.P5 and 2B.M5 address the role of genetics in affecting behaviour. 
The nature–nurture debate from learning aim A will be revisited here and you may 
want to recap it. The distinction criterion addresses the idea of innate behaviour, and 
so lends itself to a debate-led approach. 

Learning aim C initially concerns investigating and observing social influences on humans, 
such as herd behaviour, before introducing social learning theory to explain them – for 
example, using the live model of learning to explain children mirroring parent behaviour. 

● The distinction criterion asks learners to evaluate whether behaviour is learned, and is 
directly related to the distinction criterion from learning aim B. 

Ensure you have discussed the teaching of this unit with your psychology department. 
They may be able to offer support in the form of activities or as guest speakers. The health 
and safety issues in this unit are minimal – it is unlikely you will do any experiments that 
prove dangerous to learners’ mental well-being. However do check before you start that no 
learner is at risk.
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Getting started 

This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 17: Understanding Human Behaviour 

Introduction 
To introduce the unit, you could ask learners to consider the way they think and why they 
think that way. Some learners may not have considered their own behaviour in this 
introspective manner before. A series of questions probing learners’ behaviour could be an 
excellent framework for this. These could vary from ‘What would you do if you found £50 in 
the street?’ to ‘Do you always follow the rules?’ Use the interest generated by this to get 
your learners enthused about psychology – after all, it is essentially the science of them. 

Learning aim A: Explore different ways to understand human behaviour 

● A psychologist speaker from a university or psychology society would be helpful in 
motivating learners and gathering information towards their evidence. 

● A very structured, independent research task makes an excellent start. Divide your 
learners into groups, and ask each group to research one of the four approaches to 
understanding human behaviour (biological, cognitive, social or behavioural). Make 
sure your learners have definite things to find out – such as the major hypothesis of 
the theory, its main developers and any major controversies. They must research 
major experiments carried out to develop each approach. 

● Each group should then present back to the whole class, so the learning on all four 
approaches is shared, and they compare and contrast the methodologies that each 
approach uses. Your learners may naturally become proponents of the theories they 
research, or may need prompting. 

● Learners should then apply the four approaches in psychology to the understanding 
of human behaviour and its malleability, exploring how each approach investigates 
behaviour and how behaviour can be changed. Much of the pass and merit criteria 
will seem intuitive. A prime example of a method of changing human behaviour is the 
interaction you have with your learners! Learners could choose a case study as 
reference for their exploration – two examples follow from a wealth of possible case 
studies that you or your learners could select. 

● For example, Pavlov’s famous experiment is an excellent practical example of 
associative learning and changing behaviour. The merit criterion makes specific 
reference to human behaviour and Pavlov’s work is applicable to humans, despite 
being carried out on dogs originally. You could further stretch your learners by asking 
them to consider the ethics of Pavlov’s experiments, both as carried out on dogs and 
if they were to be carried out on humans. 

● If your group is both able and therapeutically minded, another option might be to 
discuss cognitive behavioural therapy and how it works. An external speaker who 
works as a cognitive behavioural therapist would really enhance this. Your school or 
college councillor may be able to recommend someone, as may your local council. 

● Build in work on the nature–nurture debate. Start by breaking each approach 
(biological, cognitive, social and behavioural) down and asking learners to evaluate 
how much weight each gives to nature and nurture. Have your learners discuss 
whether or not they think this is the right approach in each case. Ensure that your 
learners consider their own psyche and how much of that comes from genetics and 
experience – in part because it provides useful evidence but also because it is a 
generally beneficial thing to do. Make sure learners debate this. They may find they 
have significantly different opinions and the discussion will be informative and 
interesting. 
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Unit 17: Understanding Human Behaviour 

Assignment 1: Approaches in Psychology* 

Learning aim B: Investigate biological influences on behaviour 

● Introduce biological effects on behaviour through simple examples such as pain, 
hunger and excitement. Then introduce the structure of the nervous system, reflex 
arcs and hormones. Learners must describe an example of how the nervous system 
affects behaviour. Learners should be able to describe how any of these three works. 
The activities should be brief and factually focused to meet the criteria. 

● Take a more detailed approach for explaining how the nervous system influences human 
behaviour (2B.M3). Learners should describe the physical reality of nervous responses, 
such as electrical impulses for reflex arcs or negative feedback loops for hormone release. 
They could consider how experiments lead us to understand them and give relevant 
examples by referring to specific case study materials. For example, recreating Galvani’s 
experiment with frogs’ legs and a voltage would certainly enthuse learners but is not for 
the squeamish! 

● Learners should investigate the effects of genetics on behaviour. Use this as an 
opportunity to introduce the concept of innate behaviour. Innate behaviour can be 
introduced from the starting point of ‘What behaviours must we exhibit as soon as 
we are born to stand a chance of surviving?’ A simple explanation of how this 
behaviour is essential and how it evolved to be innate is sufficient, along with an 
example of the behaviour. Looking at flight-or-fight relationships and Dawkins’ hawk 
and dove example would be an excellent way to stretch your brightest learners. 

● Start by considering an investigation of the interaction between biological effects and 
behaviour. You could invite an external speaker to introduce the different 
experimental methods used to motivate your learners. A psychology teacher or an 
ex-learner pursuing a psychology or related degree would be an excellent source 
here. Learners could then, in small groups, research a method and present it to the 
rest of the group, sharing the learning. Your learners’ notes could make up the first 
part of the study. 

● Many of the experiments to be studied during this topic are unsafe or impractical to 
do in class – however, there are biological effects, such as caffeine or exercise, that 
are appropriate. For example, learners could study each other’s behaviour before and 
after an intake of caffeine or the adrenaline rush of exercise. They will by no means 
get results from which they can draw a conclusion. However, an evaluation of these 
experiments and their shortcomings would involve them in explaining the advantages 
and disadvantages of different methods of investigating biological influences on 
behaviour, along with details and reasons. 

● You should revisit the nature–nurture debate from learning aim A, and ensure that 
your learners make the distinction between behaviour learned from parents and 
behaviour inherited (in a genetic context) from them. Simple examples are the 
behaviour of newborns, both human and other. Twin and adoption studies are 
intuitive once the distinction between nature and nurture has been properly made. 
You could assess this task by having your learners research their own example of 
each study and explain why it was used in that circumstance. 

● To evaluate and give examples of how behaviour can be considered innate offers a 
real opportunity for debate, stretch and challenge. The idea that some behaviour is 
genetically coded for, and is therefore possibly beyond the control of humans, will 
certainly provoke controversy. Learners could take notes from a well-guided and 
science-focused debate. For example, the debate could be structured around the 
culpability of people who have committed crime, particularly if they have an inherited 
mental disorder. 



UNIT 17: UNDERSTANDING HUMAN BEHAVIOUR 

Delivery Guide – Pearson BTEC Level 1/Level 2 First Extended Certificate in Applied Science – 
Issue 2 –October 2014 © Pearson Education Limited 2012 

132 

Unit 17: Understanding Human Behaviour 

Assignment 2: How We Behave* 

Learning aim C: Investigate social influences on behaviour 

● A visiting psychology speaker would be helpful in motivating learners and gathering 
information towards their evidence. 

● Your learners will already have a good idea of the effects of peers on their behaviour. 
Ask them to consider their behaviour in a variety of situations – such as a football 
match or dinner with their parents – and question why the same organism behaves 
in such different ways. Relate this back to genetics and the evolutionary advantages 
of mimicking the behaviour of others. Relate this to Bandura’s work on role models, 
both positive and negative. 

● You could invite a guest speaker to introduce the main axioms of social learning 
theory and hold a group discussion, from which learners could make notes. 
Alternatively, learners could carry out independent research.  

● A useful way to explain, with examples, how social learning theory can explain 
behaviour is to ask learners to consider how they have come to develop the 
behaviour patterns they exhibit − applying social learning theory throughout. For 
example, learners could consider how the symbolic model of observational learning 
applies to  
the fear of violent computer games influencing young people’s behaviour, or they  
could use the frustration/humiliation model of influence to explain why people  
become serial killers. Learners could choose their own case studies from the  
many possibilities. 

● To evaluate and give examples of how behaviour can be considered to be learned 
offers a real opportunity for debate, stretch and challenge, taking the alternative 
viewpoint from the debate held in Assignment 3. Ask your learners to dissect the 
origins of various behaviours and argue whether they are innate or learned. Again, 
learners could take notes from a well-guided and science-focused debate. The debate 
about responsibility for actions could be revisited, this time in reference to people’s 
role models and experiences in life. 

Assignment 3: How Do the People Around Us Affect the Way We Behave?* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 4: Biology and Our Environment  

o Unit 7: Health Applications of Life Science 

o Unit 12: The Living Body 

o Unit 16: Science in Medicine 

Resources 
Websites 

www.psychologytoday.com/ 
Up-to-date psychology articles for research. 

www.youtube.com/watch?v=qh9DhFjuEOY 
A brief outline of Albert Bandura’s life and theories. 
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Unit 18: Designing and Making Useful 
Devices in Science  

Delivery guidance 

Approaching the unit 
Approach this unit from a practical point of view, as far as possible, through scientific 
investigation. Ensure that the components needed to make the devices detailed are 
easily available and that device construction has been tested. Each learning aim 
deals with a particular device and its points of focus, for example, precision, and 
aspects common to all – such as safety guidelines when using sharp materials or 
equipment. Give learners more than one attempt to complete each device so that 
they can demonstrate their awareness of errors, the limitations of materials and the 
practicalities of building simple devices. Emphasise precision in the design and 
construction of the microbalance and hydrometer, and simplicity of making a working 
device in the polarimeter and battery construction. Encourage learners to experiment 
with alternative materials, and possibly with design characteristics, to help develop 
their responsibility for learning throughout the unit. 

Delivering the learning aims 
Learning aim A introduces the design and construction aspects associated with 
hydrometer design and outlines the specific requirements of a range of materials 
which will form the basis of consideration for all the devices to be made and tested. 

● You will need to provide a detailed description of the physical characteristics of 
materials, definitions of the properties of each (such as density) and the 
suitability of using certain materials for the intended purpose. 

● You will need to include clear instruction on the accurate calibration of their 
hydrometer and provide suitable examples, in addition to sugar concentration 
measurement, to highlight the range of uses of the device. 

● Outline the health and safety aspects associated with the use of materials and 
emphasise the need to produce suitable design drawings with appropriate tools. 

Learning aim B is based on the design and construction of a polarimeter. 

● The delivery method will mirror that used for learning aim A. 

● You will need to explain the principles of polarimetry in simple terms and outline 
the need for precision and accuracy of angle measurements as a means of 
estimating the concentrations of different sugar solutions. This should be 
explained in terms of light passing through each solution. 

● The applications of this type of device can be explored further by learners so 
that they are not limited to the concentration of solutions. 

● Health and safety aspects will need to be revisited as a matter of routine. 

Learning aim C deals with the construction and basic principles associated with cells 
and batteries. 

● This will involve a significant difference in the materials used and the 
measurement devices used to help in construction. You will need to provide 
some simplified explanation of the reason why acids, alkalis and metals are able 
to provide storage of electrical energy when connected in this way, but will need 
to emphasise the experimental purpose of this activity and the results obtained. 
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● Comparing the voltages produced and the costs of batteries will allow learners to 
appreciate the need to investigate design aspects closely, and can also help to 
introduce the environmental problems that follow in the disposal of batteries. 

● Health and safety considerations will need to be revisited focusing particularly on 
the use of acids and alkalis, solutions of chlorides and sulfates.  

Learning aim D covers the design and construction of a microbalance. 

● This requires careful consideration of planning aspects and an explanation of the 
need to calibrate the device constructed for its intended use. Use suitable examples 
to illustrate the importance of correct and appropriate calibration and apply pre-
testing to this activity to enable learners to investigate the parameters of their 
device. 

● Highlight the fact that an understanding of science and maths principles can 
provide a simple method of measuring and recording very small masses without 
the need for complex electronic equipment. 

Provide useful and realistic vocational contexts for each of the four learning aims and 
continually emphasise health and safety aspects and the need for attention to detail, 
careful use of materials and tools, and the importance of pre-planning. Explain that 
testing and evaluating these devices form an important part of the achievement of 
the learning aims and give some guidance for learners to be able to make valid 
suggestions for improvement. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 18: Designing and Making Useful Devices in Science 

Introduction 
Introduce this unit by firstly using either images or actual example equipment to illustrate 
the devices that will be constructed and to identify the scientific principles that form the 
basis of their operation. Contextualisation of these devices is very important and necessary 
to maintain the learners’ interest but also to ensure that the assessment criteria can be 
achieved. Carry out the construction of each device prior to unit delivery, highlighting areas 
in the design that may pose particular problems in class, and show learners your models 
and associated diagrams to help them to visualise the end product for each learning aim. 

Learning aim A: Design and build a hydrometer 

● A visiting technical design speaker or a visit to a design centre would be helpful in 
motivating learners and gathering information towards their evidence. 

● Outline the basic principles of a hydrometer by showing a video clip of the Plimsoll 
line marked on merchant shipping vessels. You could then show another clip of a 
tourist floating in the Dead Sea. 

● Explain that the level of a floating object depends on the density of the solution – if 
there is a higher concentration of dissolved solids then the height of the floating 
object out of the solution increases. Ask learners to think of other examples where 
they have noticed this effect and then describe the operation of the hydrometer as a 
device that simply indicates the density of the solution by its level of floating. 
Instruct them to build their device. 

● Satisfy yourself that your learners understand the principles and then introduce the 
materials from which learners are to build their own hydrometer. General safety 
practices must be emphasised – especially handling glassware and solution spills. 
Demonstrate the correct operation of a top-pan balance for measuring sugar 
quantities. Offer a choice of materials for the body of the device – such as a straw or 
a test tube, balls of clay or lead shot. 

● Suggest that learners make notes about their material choices as they proceed, 
including some basic practical reasons why they chose them, and they could also 
include a labelled design drawing. Learners should be supervised when calibrating 
their hydrometers to ensure that the divisions are marked accurately – but don’t do 
the task for them, simply suggest what should be taken into account. 

● Solutions tested should be clearly labelled and measured using the correct units. 
Learners will need to add 1 g of sugar to 100 cm3 of water and mark it as ‘10’. Make 
sure that the ‘0’ mark has been measured in fresh water. They then add 1 g of sugar 
at a time, labelling the measured marks as ‘20’, ‘30’ and so on. 

● The results of the unknown solutions provided by you and all their solution 
measurements should be presented in table form for discussion in the plenary. 

● Learners must develop their design by noting the advantages and disadvantages of 
different materials and other factors at different stages, illustrating where changes 
were made and where improvements were considered. Focus the plenary from this 
activity on the results obtained – their clarity and size and whether or not devices are 
suitable for purpose. 

● Broaden the context to identify the practical applications of hydrometers and the 
variations in design. Make a design comparison of learners’ devices and real-life 
examples, noting materials used and ways of improving effectiveness. 
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Unit 18: Designing and Making Useful Devices in Science 

Assignment 1: Wine Quality* 

Learning aim B: Design and build a polarimeter 

● A visiting technical design speaker or a visit to a design centre would help in 
motivating learners and gathering information towards their evidence. 

● Introduce the principles of polarimetry by showing a diagram of a single ray of light 
as a transverse wave. Add other transverse waves at different angles to the original, 
explaining that light waves travel in all of the 360° planes to the observer. 

● Explain that a Polaroid filter allows only one wave plane through and so blocks out 
other wave planes, reflections, etc. Give out two Polaroid sheets for each group of 
learners to rotate to see the immediate darkening and lightening of light as it passes 
through. 

● Learners then plan their design, with your approval at every stage. Explain why the 
materials chosen are used in terms of their physical properties. The overall design 
proposed will need a detailed and labelled diagram. 

● Demonstrate the calibration of the rotating filter by getting learners to discuss how to 
measure angles. A pin can be secured to the middle of the rotating filter and this 
traces a line over a carefully placed protractor. 

● Learners then build their polarimeter. 
● Discuss the effect of putting other media between the filters and how this may 

change the plane of polarised light. Link this to solutions of different concentrations 
and instruct learners to develop a simple method of calibrating their device by testing 
it with a number of known sugar solution concentrations. 

● Learners next evaluate their device indicating what steps were taken to correct 
possible errors in the design and how improvements could be made. They can 
compare their model with manufactured devices to compare the differences and 
similarities. 

Assignment 2: Sugar Sweet!* 

Learning aim C: Design and build a cell 

● Hold a discussion about different items that use batteries of all descriptions and what 
happens to these batteries when they are ‘run down’ and discarded. Then outline the 
technological advances of battery making and the need to continue developing new 
batteries that do not add significant chemical waste to the environment. 

● Show a standard zinc–carbon cell (Leclanché cell) in cross-section and perhaps 
dissected (with due care) to help in identifying the different parts. It will not be 
necessary to consider other methods of producing electricity (i.e. a.c. from energy 
sources) but ask questions associated with changing the design of a battery once the 
essential ingredients have been introduced. Back this up with clear notes and well-
labelled cutaway diagrams. 

● Begin by looking at a simple cell composed of either sulfuric acid or sodium chloride 
solutions and a range of other possible solutions including fruit ‘acids’. Learners should 
use the term ‘electrolyte’ when describing a cell and identify the metals correctly. 

● Explain that the metals used provide chemical energy that is converted to electrical 
energy in the reaction and the metals slowly disintegrate. This is why a battery has a 
limited life. 

● Testing and measuring electrical values can be best achieved using either analogue 
or digital meters and clean leads and crocodile clips. Results should be displayed in a 
table and follow a logical format such as ‘Electrolyte A – combination of metals used, 
voltage produced...’  
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● Consideration of the results must include both the comparison of values obtained and 

the practical applications of the battery design with current retail batteries. 
● An evaluation of the activity need not be too detailed, although there must be clear 

understanding of the reduction of electrical values over time and the ability of some 
batteries to be recharged many times. 

Assignment 3: Solving the Battery Crisis* 

Learning aim D: Design and build a microbalance 

● Discuss the essential principles involved in designing and building a microbalance 
that weighs small amounts of materials accurately and with precision. Then show a 
working model you have already constructed which is ready to use. 

● Demonstrate the ability of a good quality top-pan balance to measure the mass of 
one grain of rice, and give some idea of the estimated cost of the machine. Introduce 
the idea that learners could make a device that is just as sensitive for a few pence. 

● You will need to explain the maths involved clearly and ensure that learners are 
following the principles by asking them to give answers to questions in pairs or 
groups. Calibration of the device for each group will need supervision, and it may 
well be necessary to employ the help of support staff and technicians. 

● Construction of each microbalance can be tested by measuring the mass of 1 mm2 of 
paper and subsequent addition of small pieces to confirm a correct calibration. Expect 
learners to record the mass of a grain of sand once their device appears to be 
working correctly. 

● Ask each group to calculate the number of grains of sand in a measured amount 
which you will supply using a top-pan balance. This may take some time and may 
also need step-by-step guidance. In addition, record the mass of a grain of sand on 
your balance (if sensitive to 0.001 g) and compare this value to those recorded by 
each group (comparative evidence for 2D.M4 and 2D.D4). 

● Provide further small masses of materials for measurement and ask learners to 
produce a table of measured results. To complete this activity, a full written account 
and results table are expected. Learners may also give additional information for 
improving the design or answers to questions about the change in position of the 
needle (2D.D4). 

● Instruct learners to produce a ‘How to…’ article related to saving equipment costs in 
science laboratories. It could include a step-by-step instruction page for making the 
device and a general comparison of their cheap version against a commercial 
microbalance. Provide witness statements and observation sheets as appropriate. 

Assignment 4: Saving Costs on Equipment* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 6: Applications of Physical Science 

o Unit 8: Scientific Skills 

o Unit 9: Practical Scientific Project 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
and Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Application of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve 
endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Websites 

www.bbc.co.uk/science/space 
Very useful and widely used website suitable for teachers and learners. It has links to 
particular topics, explained at the appropriate level. 

www.lightwave.soton.ac.uk/experiments/periscope/periscope.html 
Detailed accounts of procedures and plans for light-based experiments. You should 
visit the website before use to check the focus of particular topic information. 

www.science.howstuffworks.com 
Dedicated to the description of working of equipment and apparatus. You should visit 
the website before use to check the focus of particular topic information. 

www.nuffieldfoundation.org/practical-physics/making 
Educational site concerned with the accurate assembly of equipment for use in 
science teaching. 

www.schoolscience.co.uk 
Information relevant to the topics in the unit; teachers should access this site before 
use by the learner. 
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Unit 19: Chemical Analysis and Detection 

Delivery guidance 

Approaching the unit 
This unit offers a range of opportunities for learners to improve their investigative 
and problem-solving skills. The unit could be taught through real-life scenarios that 
learners might relate to and many may recognise an element of the ‘CSI’ television 
series. You might want to consider grouping learners in ‘forensic teams’, with 
perhaps their own market label or name, as added motivation. They can then 
compete against each other to see which team solves the ‘mystery’ first. 

While learners may find the content and investigations very interesting, they may get 
carried away with just doing the tasks. It will be useful to establish a set routine with 
guidelines on writing up investigations. The basic challenge is recording observations 
in a systematic way. A template for recording qualitative and quantitative evidence 
will be very useful to learners. 

Learners will use knowledge of the basic chemistry concepts covered in the 
mandatory Units 1, 2 and 5 and can build on scientific skills covered in Unit 8. Unit 
19 is an excellent way of bridging level 2 to level 3 qualifications. Access to a 
laboratory with a gas supply is essential for the delivery of this unit, and you will 
need basic laboratory glassware equipment and chemicals. You should remind 
learners of key laboratory safety rules at the outset. 

Delivering the learning aims 
Learning aim A offers a transition from previous learning (e.g. Key Stage 3 and Unit 
2) in which learners will have been taught about acids and alkalis and using universal 
indicator to test pH. 

● Learners will develop other ways of measuring pH, such as the use of pH meters. 

● You could ask learners to investigate the pH of chemicals in, for example, the 
kitchen, the school canteen or the pH of soil if you have access to fields or parks. 
Some learners may want to compare the pH of different hair products, shampoos or 
soaps. 

Learning aim B puts key scientific skills from previous learning (Unit 8) to use and 
learners gain first-hand experience of forensic-type investigations. 

● Learners will be taught how to identify the exact content of a given compound 
using flame tests and tests for anions including halides, carbonates and sulfates. 

● Learners will have opportunities to plan investigations, contemplate safety in the 
laboratory and collect evidence that will allow them to solve more complex 
problems of chemical analysis. 

● Access to the Salters’ Challenge activities from Salters’ Festival would be an 
excellent resource for preparing learners for both assignments in learning aim B. 
These resources will set learners scenarios that will both challenge and motivate 
them into using their problem-solving skills. 

Further laboratory techniques are learned in the quantitative topics of learning aim 
C, including filtration and titration. 

● It is useful to assess the learners’ mathematical skills at this stage. 
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● Some learners may need additional support to cope with calculations involving 
concentration and solubility. 

Learning aim D focuses on separation techniques that are mostly new concepts, 
apart from paper chromatography. This will demonstrate to learners the full range of 
techniques available in the analysis and detection of chemicals. 

● Most universities with an analytical/chemistry laboratory run activities for 
schools on spectroscopic techniques. It would be useful to get in touch with a 
nearby institution to ask if they offer such services. The STEM network should be 
able to provide a local science ambassador to assist with the more sophisticated 
chromatography techniques. If funding is available, Evotek sell mini gel-
electrophoresis kits that are quite straightforward to use in a school laboratory. 
This could be done in collaboration with the biology department, who might be 
interested in carrying out DNA fingerprinting. 

● If funding is not available there are numerous resources online via the RSChem 
website with interactive analysis that will be useful – for example, 
http://spectraschool.rsc.org/Spectral. This has a bank of IR, MNR and mass 
spectra of common organic compounds with an option to print the spectrograms. 
There are also options to identify unknowns from given spectrograms. 

● It could be useful to link this section to sports (detecting cheats), DNA 
fingerprinting, breathalysers and perhaps carbon dating and space exploration. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 19: Chemical Analysis and Detection 

Introduction 
As a starter to the unit, ask learners how they might distinguish between a bottle of 
hydrochloric acid and a bottle of water (Unit 1). This will start the discussion about ways 
in which chemicals can be identified. Show learners samples of colourless liquids such as 
solutions of potassium chloride, potassium bromide, water, ethanol, sulfuric acid and so 
on. Explore with learners that they are all different, and ask how they can identify each. 

Learning aim A: Classify substances on the basis of pH 

● A visiting analytical chemist speaker or a visit to a chemical analysis laboratory would 
be helpful in motivating learners and gathering information towards their evidence. 

● Throughout the unit learners will need access to laboratory acids and alkalis as well 
as those found in the home. Start with a mini-quiz to find out what they remember 
about acids, alkalis, indicators and pH. 

● To investigate the idea that there are different ways of testing pH, research 
different types of indicators with your learners. You could bring in jars of pickled 
gherkins or other vegetables and fruits and compare the colours of the pickled 
vegetables to those of the fresh ones. This will set the scene for the preparation of  
an indicator using red cabbage and then testing various known acids and alkalis. It  
may be useful to prepare other ‘natural’ indicators (e.g. onion skin, beetroot) to 
compare their effectiveness. As a way of summarising this, ask learners to compile a 
presentation about different types of indicators and to discuss their usefulness and 
limitations. 

● To investigate the use of a pH meter, ask learners which indicator would be most 
suitable for testing the pH of coloured substances such as tea and coffee. This should 
highlight the limitations of using colour changes to test for pH. 

● Spend some time showing learners how to calibrate and use a pH meter. Instruct 
them to keep the pH probe clamped in position to avoid damaging the electrode. At 
this point, make learners aware of the sensitivity of the instrument and also the cost. 
Learners can try moving the pH meter from one solution to another to show how the 
readings may be affected if the correct procedure is not followed. In between 
readings, learners should always wash the pH probe with distilled water and 
recalibrate using buffer solutions at pHs specified by the manufacturer. 

● To investigate the strength of acids and alkalis, have a selection of acids and 
alkalis of the same concentration, e.g. nitric acid, hydrochloric acid, ethanoic acid, 
citric acid, ammonium hydroxide, calcium hydroxide, sodium hydroxide. Ask 
volunteers to use universal indicator solution to find the pH of the samples. This will 
introduce learners to the idea that not all acids and alkalis have the same strength, 
and link this to the idea that while it is safe to drink orange juice, it is not safe to 
drink HCl or other acids used in the lab. This will iron out the misconceptions that 
acids are ‘dangerous’ or that all acids are corrosive. For a better distinction between 
the acids and alkalis, the pH meter could be used. Make sure that learners are clear 
about strong and weak acids and alkalis before moving on to dilution. 

● To investigate pH and concentration, establish the definitions of ‘dilute’ and 
‘concentrated’ – you could use the example of fruit squash or cordial. Learners can 
be taught how to prepare serial dilutions of given solutions. 
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Unit 19: Chemical Analysis and Detection 
● Start with 2 mol dm−3 solutions of HCl, ethanoic acid, citric acid and NaOH and 

learners can dilute these incrementally, testing the pH at each stage. Learners should 
plot the results on a graph to allow them to further develop their analytical skills and 
generate questions about the prediction of pH for a given concentration. Give 
learners a scenario in which a specific pH of HCl is needed and ask them to work out 
what concentration the solution must be made to. This could lead to research into 
the recommended pH for pickled gherkins, onions, tinned tomatoes, etc. 

● As a way of summarising this learning, hold group discussions about sources of error 
when measuring pH using the various indicators and the pH meter. For more able 
learners, this can be extended to discussions about further errors introduced in 
preparing the solutions to a specified concentration. These may include errors in 
weighing solids, making up solutions in a volumetric flask and dilution of a solution. 
This will be a good point to compare the precision of equipment used, e.g. pipettes or 
burettes versus measuring cylinders. 

Assignment 1: pH of Household Substances* 

Learning aim B: Use chemical tests to identify ions and gases 

● Learners may be familiar with testing for gases in isolation, so the main challenge for 
them may be to carry out the tests on unknown samples, record the observations 
and use these to identify the unknown gas. 

● Start by showing learners three gas jars (or stoppered boiling tubes) filled with 
oxygen, hydrogen and carbon dioxide. Ask them if they can tell which gas is in each 
jar, and follow this with discussion about the difficulty in distinguishing between 
colourless gases. Why is it important to know which gas? Show a video of the 
Hindenburg disaster and exploding hydrogen and oxygen balloons. 

● To generate and test the gases, set up a circus of three reactions and collect the 
gases in sealed boiling tubes: 
o calcium carbonate plus acid – carbon dioxide 
o magnesium ribbon plus acid – hydrogen (calcium metal plus acid in a conical flask 

with a narrow neck gives a really loud ‘squeaky pop’ test without the need to seal 
the flask) 

o decomposition of hydrogen peroxide using manganese oxide – oxygen. 
● For oxygen and hydrogen, carry out the work in the fume cupboard and supervise 

learners so that large volumes of the gases are not ignited at once. 
● By way of extension, learners could discuss the opposite effects of oxygen and 

carbon dioxide on a lit or glowing splint. This gives an alternative test for carbon 
dioxide that can be linked to why carbon dioxide is a good fire extinguisher. 

● Learners could summarise the key learning points under three sections – methods of 
collection, sources (chemical reactions) and ways of identifying.  

● Make sufficient time for teaching and learning about ionic compounds. Support less 
able learners who may find it difficult to cope with the concept of ion formation by 
using models, animations and diagrams. Ensure that learners are accustomed to using 
the terms ‘anion’ and ‘cation’ and can describe these in terms of charge. They should 
then progress to writing simple ionic formulae with 1:1, 1:2, 2:1 combinations of 
cations to anions before introducing them to compound ions. 

● Follow this with practical work – flame tests are straightforward to understand. Teach 
your learners the technique of carrying out flame tests and the rationale behind the 
choice of nichrome wire and cleaning with HCl as opposed to other acids. One way of 
avoiding contamination of samples is to use wooden splints pre-soaked before the 
lesson, but not until learners have learnt how to carry out a flame test using 
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nichrome wire. Set a research activity for learners to find out the uses of flame tests, 
e.g. forensics and fireworks. A useful demonstration is to sprinkle some iron filings 
over the Bunsen flame using a pepper pot. 

● Testing anions is more challenging – it is worth doing one test at a time. The halides 
can be done first with some background information about the use of this reaction in 
the photographic industry. With each test, learners must first write the word equation 
then the balanced symbol equation with state symbols. As well as testing given metal 
halides, learners can test tap water and hydrochloric acid to show that so long as the 
anion is present, it can be detected by silver nitrate. 

● Testing for carbonates could be linked with the test for carbon dioxide. 
● When testing for sulfates, challenge learners to think why sulfuric acid is not used to 

acidify the sample. Then show that it gives a positive result with barium chloride. 
● As part of homework you could ask learners to identify and bring in chemicals used at 

home which contain the anions and cations studied in this section, e.g. fertilisers, 
baking soda, toothpaste, iodised salt. They can then use the different qualitative tests 
they have learned to confirm the presence of the anions and cations listed on the 
labels. This should include flame tests, solubility and tests for carbonates, halides and 
sulfates. 

● To support the recording of results, it may help some learners to have a word bank 
or word mat with the correct terminology – ‘precipitate’, ‘soluble’, ‘fizzing’, 
‘effervescence’ and so on. 

● Learners can then be supported in designing keys for the detection of cations and 
anions. They should appreciate that one test can give a positive result for several 
anions or cations and that further confirmatory tests need to be used, which must be 
included in their reports.  

Assignment 2: Testing Unknown Substances* 

Learning aim C: Carry out quantitative analysis on substances 

● Start by working through calculations so that there are opportunities to consolidate 
learning using practical activities. It is important that learners grasp the concept of 
‘amount’ and ‘concentration’ before moving on to titrations. 

● Demonstrate how to use a balance to weigh a solid accurately (zeroing, subtracting 
mass of empty bottle and so on). Establish good practice at this point, e.g. always 
weigh with the lid on to avoid spillages, don’t try to add solids while the weighing  
bottle is on the scale pan. This can be taught alongside making up solutions of  
different concentrations starting with g dm−3. It may be useful to keep the volume 
constant before moving on to more complex manipulations of concentration. 

● When focusing on the mole, recap from the meaning of ‘M’ from Unit 1 and introduce  
the concept of the mole. Allow for lots of practice of fractions and multiples of moles  
for both elements and compounds. It will help to get learners to weigh out 1 mole of 
different solids to demonstrate how they differ in mass – and volume! When all 
learners are confident with the concept move on to concentrations in mol dm−3 and 
give lots of practice for conversion, in both directions, of the two units for 
concentration. 

● When applying the principle of concentration, ask your learners to make soluble salts 
using an acid (H2SO4) and insoluble reactant (CuO). Before preparing their salts, 
work through the calculation for the masses needed to prepare a reasonable amount 
of a soluble salt and allow learners to think about what is a ‘reasonable’ mass. Then 
they can decide which reactant to have in excess, giving reasons (ease of separation 
from the product). Further practice with calculations can be gained by weighing dried 
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products and then converting the mass to moles. 

● For making soluble salts using two solutions, explain why the exact amounts need to  
be used in this way – and the difficulty involved in removing excess reactants. 
Examples to use are group I alkalis with any acid. 

● When focusing on titration, allow at least four hours. A good extension activity for 
more able learners is to teach them to make a standard solution. Allow learners time 
to practise using a pipette and a burette with just water. It is useful to show them 
various types of pipettes if these are available. When learners are confident, move on 
to teaching them how to carry out an acid–base titration using either methyl orange 
or phenolphthalein depending on the reagents used – give learners opportunities to 
use both.  

● Having obtained some data, spend some time teaching learners how to carry out 
different calculations using titration data. Learners must be given a practice run 
finding the concentration of a given acid or alkali before moving on to their 
assignment. 

Assignment 3: Production and Quality Control* 

Learning aim D: Carry out chromatographic separations 

● Basic paper chromatography will have been covered in previous learning (KS2 and 
KS3) and most learners will have had some experience of separating coloured inks. 
To develop their learning further you could enable access to specialist input on 
spectroscopic techniques, or interactive learning as outlined in the unit guide. 

● When teaching the chemistry of these techniques it is important to cover the main 
principles of chromatography – mobile phase, stationary phase and separation 
reflecting differences in molecular mass. This will help learners to identify the 
modifications made and the rationale behind them when moving to thin-layer and 
then column chromatography. At each point, you must emphasise that the nature of 
the molecules being separated determines the technique used – learners have 
covered solubility so this should be accessible to most of them. 

● Research opportunities include the use of chromatography in breathalysers, DNA 
fingerprinting, analysis of the metabolic products of proteins, contamination of 
waterways and analysis of the quality of air. 

● Learners must be clear about the basic principles of chromatography including the 
choice of solvent in relation to the type of chemicals being investigated. They should 
have learned how to set up simple TLC and how to interpret the results. Opportunities 
should be provided for learners to summarise how chromatography can be used as an 
analytical tool. The webstite http://jan.ucc.nau.edu/~jkn/235L7-
TLC%20Analgesics.htm has excellent examples of investigation of analgesics and 
caffeine using chromatography (TLC).   

Assignment 4: Are Our Drugs Safe to Use?* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 1: Principles of Science 

o Unit 2: Chemistry and Our Earth 

o Unit 8: Scientific Skills 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
and Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Application of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve 
endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Levesley, M. et al., Edexcel GCSE Science Student Book, Pearson Education, 2011 
(ISBN: 978-1-8469-0889-7) 

Journals 

Catalyst: GCSE Science Review 2004, Volume 15, Issue 1 
Very good summary for working safely in the laboratory. Good to start the unit with this. 

Catalyst: Secondary Science Review 2011, Volume 22, Issue 2 
Has an interesting article about carbon dioxide and other gases. 

Videos 

www.rsc.org/Education/Teachers/Resources/practical/index3.htm 
Useful videos to be used in class with learners. Each step of the titration is shown with 
very clear instructions. These come with short quizzes at the end of each section. 

Websites 

www.nationalstemcentre.org.uk/elibrary/science/resource/3380/tlc-for-plant-
pigments-involved-in-photosynthesis 
Lots of help sheets for chromatography of plant pigments. 

www.nationalstemcentre.org.uk/elibrary/science/resource/2540/option-9-analysis-
with-a-purpose 
A real-life application of chromatography. 

http://jan.ucc.nau.edu/~jkn/235L7-TLC%20Analgesics.htm  
Excellent example of investigation of analgesics and caffeine using chromatography (TLC). 

www.nuffieldfoundation.org/practical-chemistry 
Covers the content of this unit for teachers, giving practical experimental details and 
theory work. Specific experiments include: 
/exploding-balloons – Useful for teachers to set up demonstrations for testing 
oxygen, carbon dioxide and hydrogen 
/flame-colours-demonstration – Good practical guide for flame tests 
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/making-ph-indicator – How to make a red cabbage indicator 
/what-are-dissolved-solids-sea-water – Excellent preparation for assignments 2, 3 and 4. 



UNIT 20: EXPLORING OUR UNIVERSE 

Delivery Guide – Pearson BTEC Level 1/Level 2 First Extended Certificate in Applied Science –  
Issue 2 – October 2014 © Pearson Education Limited 2014 

149

Unit 20: Exploring Our Universe 

Delivery Guidance 

Approaching the unit 
This topic includes a wealth of material you can use to enthuse learners with the 
findings of modern-day space investigation. It gives learners the opportunity to use 
various methods to research and present evidence such as internet and literature 
access, model-making and practical investigation. It is essential to use as many 
different resources as are available to capture learners’ imagination and interest. The 
difficulty in delivering the subject material lies mainly with the inability of learners to 
deal with the scales involved or to accept the relevance of space science to 
themselves and the world in which they live – each activity needs careful planning. 
Enhance the subject material with up-to-date space-flight video footage and arrange 
suitable visits to a working observatory or space centre. 

Delivering the learning aims 
Learning aim A outlines the essential components and characteristics of the 
known objects in the Solar System and in the Universe. 

● It is intended to provide an effective introduction to our current knowledge of 
objects in space. Practical model-making is a useful way of developing learning 
and a visit to a planetarium or science museum will help to maintain and further 
develop learner interest at an early stage. The internet contains a vast stock of 
useful images and essential information that should be carefully vetted before 
use in the classroom. In addition, it would be worthwhile to instruct learners to 
take part in simple astronomical observations of the more accessible objects 
such as the Moon and the Sun, while also keeping up-to-date with the positions 
of the brighter stars and planets. 

The emphasis in learning aim B is on the methods used to gain knowledge and 
understanding of the Universe and brings together the various types of telescopes 
and other methods currently in use. 

● Make sure learners are familiar with the electromagnetic spectrum and show 
them how to link the waves with telescope types by naming the existing 
telescopes and the planned versions. 

● Practical investigation using ray diagrams is useful to illustrate the principles of 
lenses in refracting telescopes and learners may be able to access one of a 
number of bookable robotic telescopes using internet access. 

● Study of space missions can help to engage learners in the practical aspects of 
space flight and the important real-life considerations involved. While it is 
accepted that there are unlikely to be job opportunities for learners with 
ambitions to become astronauts, there are many other positions relating to the 
industry that can serve to contextualise the unit – for example a technician at an 
optical lab for space telescopes, a junior engineer on propulsion systems, a 
communications technician, a reporter for a science journal and so on. 

Learning aim C deals with the theories of how the Universe was formed and focuses 
on the Big Bang theory. 
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● Learners will need to be briefed thoroughly on the scale of the Universe by 
demonstrating the need for using appropriate distance measurements and giving 
a background of the birth and death of stars. 

● The evidence to support the Big Bang theory should focus on red shift and 
cosmic microwave background radiation and some explanation of these must be 
given in simple terms. This topic presents an ideal opportunity to set up a group 
debate to discuss philosophical questions about the origins and end of 
everything, perhaps. 

● If work relating to astronomical observations is attempted, then health and 
safety must be considered with special regard to evening observation and 
sunspot tracking through telescope or binoculars should learners do this. 

● There are other interesting practical opportunities – such as the formation of 
impact craters – that could be considered and these will need careful planning. 
Learners could also carry out valid role-play as mission technicians having to 
consider all possibilities when planning a manned or unmanned mission to the 
Moon or another planet. This lends itself to group discussion. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 20: Exploring Our Universe 

Introduction 
You could introduce this unit to learners and outline the content by putting them in the 
position of joining a space academy, for example, where they need to develop their 
knowledge in the subject as part of their training programme. This will help contextualise 
the work and you could build on this by showing video clips of similar learners in a space 
camp. Make use of computer-aided graphics when developing a learning environment 
that can simulate, to some extent, the real activities carried out in educational 
establishments, space flight organisations or planetary observatories. 

Learning aim A: Explore the structure of our Solar System and the Universe 

● A visiting astronomy speaker or a visit to an observatory would be helpful in 
motivating learners and gathering information towards their evidence. 

● Begin by revising the order of the planets (from KS3) and ensuring that learners’ 
Solar System information is up-to-date and reflects the mass of information that has 
been added over the last few years. 

● Add to this important key points for each of the objects included as Solar System 
members, in particular orbital data, rotation characteristics, number of moons, 
positions of the main body of asteroids and other aspects such as meteor shower 
names and planetary surface characteristics. 

● PowerPoint® presentations are a popular and effective means of displaying work that 
has been researched from various sources and is within the grasp of most learners. 
Illustrate how such a display could be presented with an example. Alternatively give 
out materials for learners to develop physical models of the Solar System, the best of 
which become a permanent classroom display. Ensure that learners include the 
diagrams, annotations, lists and descriptions required by the specification. 

● You could attempt a practical activity to show how a crater is formed after meteorite 
impact and relate this to the changing face of planets and moons in the Solar 
System. 

● Describe the importance of the Earth–Moon system and the various effects of the 
relationship on both the Earth and the Moon. 

● A darkened room, bright torch and two spheres (one of a standard football size, the 
other a tennis ball) can be used to demonstrate day and night, how eclipses are 
produced and how phases of the Moon are seen. 

● The effects of gravitation on the tides of Earth are illustrated in many texts and on 
the internet. 

● Show images of the main types of galaxy shapes as identified in Hubble’s 
classification and allow time for learners to find other examples of each classification 
using internet access. 

● In addition, ask learners to research various other deep space objects, such as 
nebulae and supernovas, providing names and locations for the better-known 
examples. 

● Revise the main aspects of the force of gravity – it is a force associated with mass, it 
is a weak force compared to other forces and it acts over enormous distances. 

● Link the formation and eventual death of stars to the masses involved and the force 
of gravity. There is evidence for the cycle from space telescopes and the BBC website 
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Unit 20: Exploring Our Universe 
covers it particularly well. The present-day theory of the development and eventual 
end of our own Solar System should be discussed and learners can present diagrams 
and a timeline with descriptions. 

● The concept of black holes should follow from the death of a massive star but it is 
quite difficult to explain this topic without discussion of the speed of light. It is 
sufficient at level 2 to discuss the existence of black holes in the centres of galaxies 
and describe them as a strong gravitational force driving the eventual end of stars 
closer to the centre. 

● Learners wanting to pursue different aspects of the topic should be encouraged to 
read additional information as homework and to discuss their findings in groups. 

Assignment 1: What’s in the Universe?* 

Learning aim B: Study methods used to explore our Universe 

● Ensure that learners have an understanding of different types of telescopes used both 
on the ground and in space, and that they can demonstrate how each type has added 
important information to our knowledge and understanding of our place in the 
Universe. 

● A useful introduction to optical telescopes is to highlight the change in their design over 
the last few hundred years. Learners will be able to appreciate that they have changed 
little in basic design, but that technological advances have helped in the detail they can 
now detect. Show a number of photographs of both refractors and reflectors in use at 
large observatories and then introduce the associated ray diagrams. This is an ideal 
opportunity to investigate the principles of both types, especially the magnification 
produced by lenses and the ray diagrams to accompany the activity. 

● Learners are likely to have encountered the electromagnetic spectrum previously, 
although this must not be taken for granted and it may be necessary to explain the 
essential characteristics using simple diagrams and illustrating wave characteristics, 
perhaps with the aid of a speaker, signal generator and an oscilloscope. With this in 
place, learners can be introduced to the various telescopes in use, both on the 
ground and in space, that detect waves other than visible light. 

● Internet research and the production of a PowerPoint® presentation will be effective 
in meeting the specification criteria – to link known telescopes with the part of the 
spectrum used. This could include names, date of launch and important discoveries 
or images produced. 

● Unmanned spacecraft have been in use for 50 years and have provided a wealth of 
valuable information about the objects in our Solar System. Learners will benefit 
from developing a table of information that names the missions, gives dates, lists 
planets and moons observed, shows results of photographs and landings and any 
other relevant information. There are many to review but you should direct research 
to particularly important scientific probes. There have been many to Mars, but the 
important scientific information has been provided by only a few. 

● In addition, learners should look at probes that have made encounters with smaller 
objects such as asteroids or meteor showers, and then begin to log details of manned 
missions. It will not be necessary to discuss in detail the manned forerunners to Apollo 
but there should be a brief mention. Video footage can be used to put this topic in 
context, with the Moon landings and collection of specimens from other Apollo 
missions. 

● A debate on the importance of manned and unmanned space exploration can be 
developed by asking leading questions – for example, what has space flight given the 
world? Views will vary significantly among learners, who should be encouraged to 
voice their opinions about the costs involved, whether the benefits outweigh the 
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Unit 20: Exploring Our Universe 
costs and just what is the purpose and future of space flight, as they analyse how the 
scientific data collection is being used. 

● Learners should be presented with topics and put into discussion groups. Findings can 
then be presented to the class. Topics suitable for this activity include: Continued use 
of the ISS? Should the space shuttle programme be replaced with a similar one? 
Should we stop space missions altogether or limit their use? Will science knowledge 
help the human race? Will extra-terrestrial life be discovered and what might it look 
like? 

Assignment 2: The Final Frontier* 

Learning aim C: Explore theories of how the Universe was formed 

● Provide a brief summary of simplified details about our current knowledge and 
understanding of the origins and age of the Universe, and main points of the Big 
Bang theory. Begin by giving the age as about 13.7 billion years and by 
explaining the meaning of ‘billion’ by showing the number of zeros after the 13.7. 
This can then be expanded to include the estimated age of our planet and the 
timescales for life, and then for human life. This will give learners a judgement 
marker. Learners could provide a timeline of events from the start of the Big 
Bang to the present day. There is a wealth of information on the internet to aid 
this activity. Indicate that the Big Bang is the best accepted theory but that there 
are others and also slight variations of this theory. 

● Supporting evidence for the Big Bang theory should focus on red shift and cosmic 
microwave background radiation. Red shift principles can be illustrated by introducing 
the change in ‘pitch’ of a passing ambulance, for example, and by explaining the time 
difference of receiving the same sound wave from a source coming towards the 
observer and then away from the observer. Expand this to include light as the wave 
and that the observed effect is not audible but shows as a slight shift to the red end 
of the spectrum of the light received from a galaxy moving away from us. These 
characteristic light spectra can be shown graphically for chemical elements and then 
related to the composition of the stars. Highlight the fact that all galaxies appear to 
be moving away from us and that the Universe is therefore expanding. The cosmic 
microwave radiation mapped by COBE is the remnant of early radiation predicted by 
scientists and provides evidence in support of the Big Bang. 

● The subject material for the origin of the Universe is understandably complex and 
learners must be guided through the various research areas carefully to arrive at an 
effective evaluation of the strengths of supporting evidence and the weaknesses. You 
will need to summarise the details of research into bite-size headings as a starting 
point for learners. The video clips from the BBC archive on the Big Bang give some 
useful lesson starting points. 

● Recognise that much of the evidence produced by learners will include similar material 
to that from published sources and is likely to be common across many learners. A 
class discussion and further group discussion can help to identify the levels of 
understanding and also aid learners in their individual summary of the important points 
raised. 

Assignment 3: The Beginning of Time* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 3: Energy and Our Universe 

o Unit 9: Practical Scientific Project 

● Edexcel GCSE Science – Physics (2010 specification) 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
and Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Application of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve 
endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Levesley, M. et al., Edexcel GCSE Science Student Book, Pearson Education, 2011 
(ISBN: 978-1-8469-0889-7) 

Websites 

www.bbc.co.uk/science/space 
Very useful and widely used website suitable for teachers and learners giving easy 
links to particular topics – explained at the appropriate level. 

www.nasa.gov 
National Aeronautics and Space Administration site containing up to date links, video 
footage and a variety of information on space science, space flight, satellites and 
other related topics. 

www.schoolscience.co.uk 
Information relevant to the topics in the unit; teachers should access this site before 
use by the learner. 

www.space.com 
News items about current space flight, science and technology that should be visited 
by the teacher prior to use to ensure the focus of topic information. 

www.telescope.org 
The Bradford Robotic Telescope is a free resource; there is also a special subscription 
site (schools.telescope.org) that supports both learners and teachers. Teachers 
should ensure they take time to link this booking to the topic delivered. 
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Unit 21: Electronics in Action 

Delivery guidance 

Approaching the unit 
The principal focus for this unit is on component and equipment identification and the 
practical development of circuit-building skills. It is essential that you introduce 
learners to all the necessary terms and electrical apparatus quickly and that they use 
electronic components, measuring and testing equipment at every opportunity to 
enhance learning aspects. Building useful circuits, such as light sensors or moisture 
sensors, and relating them to everyday use is particularly exciting, especially where 
many simple circuits can demonstrate the functions of electronic items that are 
largely taken for granted by the general public. 

Delivering the learning aims 
Learning aim A is concerned with the basic introduction of component parts used in 
electronic circuits. 

● The importance of effective and comprehensive delivery of this should not be 
underestimated because it forms the foundation from which good practical 
circuit-assembly and circuit-testing skills develop. Allow more than one method 
for learners to display their component and circuit identification and include 
resistor colour codes and pin identification for integrated circuits in the teaching. 

● You will need to give descriptions of the effect of each major component in a 
circuit by demonstration and by the outcomes of learner practical work, and then 
draw a comparison between integrated and discrete components by leading a 
group discussion to consider aspects such as cost, size, relative ease of use and 
power consumption. 

● Essential and direct guidance must be given for realistic health and safety 
considerations and learners should be made fully aware of the need to 
demonstrate, practically, their conformity to these in all activities. Where 
components are to be fitted into breadboards, emphasise that learners should 
not just assume that contacts are reliable, and that this is certainly true when 
soldered circuits are constructed. Teach learners to check component fixings and 
measuring equipment at every stage to reduce the impact of errors in circuit 
construction that are not due to individual poor assembly. 

Learning aim B involves the physical aspects of circuit building and is likely to 
include much teacher demonstration and observation. 

● You could give learners a full range of components from which they make their 
own choices once a circuit type has been supplied. Vary the circuit types 
between groups to broaden the experiences within the classroom and highlight 
common issues where necessary. 

● Circuit diagrams must be drawn correctly and referred to during activities and 
calculations involving Ohm’s law and power should show workings. Suitable 
circuits will include a sensor, comparator and 555 timers, for example, and 
teachers will be required to complete observation statements to cover the 
learning outcome in more detail. 

● Encourage experimentation with component values and expect learners to 
suggest valid improvements in their designs. 
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The emphasis for learning aim C is on analysis of the circuit construction and 
assessing the circuit operation in terms of being able to achieve measurements once 
the circuit has been built. 

● You may wish to incorporate essential practical checking of component-fixing 
during all stages of the construction process and ensure that learners follow this 
practice at every step. 

● Calculations may need to be revisited from learning aim B before the equation 
for Ohm’s law is used to compare measured values, and there needs to be 
formal instruction on the connection of voltmeters and ammeters (which may 
have been dealt with in other units). 

● The need to re-emphasise points such as not assuming that good connections 
are immediately achieved but should be checked repeatedly must be made to 
develop good workshop practice and to instil the idea of ‘check and double-
check’. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 21: Electronics in Action 

Introduction 
You could introduce this unit by asking learners to imagine that the school laboratory is an 
electrical workshop, and that all the equipment and areas must be treated with respect 
because good quality products leaving the workshop will result in continuation of ‘the 
business’. It is very important to immerse learners in an environment that mirrors that of a 
working components workshop as soon as possible and to maintain this environment 
throughout the duration of the unit. Present-day assembly lines are obviously much more 
sterile and automated than typical workshops but you can differentiate the roles of large 
manufacturing companies and the smaller testing laboratories by using local examples. 

Learning aim A: Identify electronic components and their uses 

● A visit to an electronics manufacturer would be helpful in motivating learners and 
gathering information towards their evidence. 

● Begin by providing learners with a list of the various components and measuring 
devices that will be used throughout the unit, including symbols and indicative 
examples, e.g. transistor – BC108, diodes – silicon and germanium. 

● This should be presented as a comprehensive study and can be helped by using a 
card-matching activity, identification of resistors with colour codes and sample circuit 
drawings with components in the correct positions. All components and devices must 
be covered, including integrated circuits, even though many will be used in covering 
learning aims B and C. 

● Graphical representation of some components is essential to illustrate the differences 
between them and is relevant particularly for comparison of the current and voltage 
characteristics of diodes, resistors and filament lamps. You may want to demonstrate 
the characteristics of LDRs by a graphical representation of resistance plotted against 
light intensity and of thermistors by plotting resistance against temperature. 

● You should show a number of useful circuit diagrams as examples of the circuits that 
will be constructed. Learners should be given every opportunity to draw circuits 
accurately and be given sufficient information to be able to follow the path of current 
between the positive and negative lines using a battery for the circuit d.c. voltage. 

● Demonstrate specific component properties by using simple circuits. Examples 
include a reverse biased diode preventing a filament lamp from lighting, removing 
the base current in a transistor to show the dependence on this of the flow of current 
in the collector circuit. 

● Make sure that you provide group work and encourage scientific investigation into 
circuits. 

● Show a photograph of an integrated circuit and explain that many of these ‘chips’ 
contain millions of components (resistors, diodes and so on) etched into their surfaces. 

● Give clear descriptions of uses of the 555 timer (describing the principles of monostable 
and astable configurations) and operational amplifier 741 (when used in circuits to 
compare two input voltages). 

● Illustrate the principles of logic gates using simple circuit sets that incorporate lamps. 
This can develop into a series of tests whereby the current to one lamp may be 
altered to affect the operation of another in a different part of the circuit. Truth 
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Unit 21: Electronics in Action 
tables for NOT, OR, AND, NOR and NAND gates should be drawn and explained using 
simple series and parallel circuits containing filament lamps to help. 

Assignment 1: Electronic Building Blocks* 

Learning aim B: Build electronic circuits and systems safely 

Learning aim C: Check, measure and test electronic circuits 

● It is essential to deliver an introduction to general safety aspects when using 
electricity – even when most of the devices encountered use very low voltages.  

● Instruct learners to carry out risk assessments for their circuit work, identifying 
components that will be used and the various building blocks that will make up the 
system. Explain that they must avoid touching components that have been operating in 
a circuit for some time (hot!) and take extra care when handling and cutting wires to 
prevent cuts and eye damage. Reiterate the department policy for dealing with electric 
shocks. 

● Basic circuit construction must be attempted first. Learners should develop skills in 
stages, building simple series and parallel circuits with resistors and filament lamps 
to achieve results and to develop confidence in using components. 

● ‘Current’, ‘voltage’ and ‘resistance’ will become standard terms used throughout, and 
you may then wish to incorporate Ohm’s law calculations in preparation for testing in 
learning aim C. Introducing the power equation is also useful for comparison of 
components. Learners should then be encouraged, through formal stages, to experiment 
with a potential divider circuit, appreciating that various components can be used 
together to apply a variable voltage to the base of a transistor, for example, in a more 
complex circuit. The potential divider equation must be given along with suitable 
examples. 

● When sufficient simple circuits and associated calculations have been completed, you 
should give a list of different relevant useful circuits and their purposes. Learners could 
be allowed the freedom of choosing which circuit(s) they would like to construct – this 
can also be a means of differentiation in groups. Ensure that block diagrams are used 
first to isolate sections within circuits, e.g. input transducer – processor – output 
transducer. Suitable examples are temperature sensors and burglar alarms. 

● There must be evidence of the construction and use of simple circuits, potential dividers, 
transistors and integrated circuits. Logic gates can be a useful addition to circuit work, as 
is the opportunity to show some simulated design aspects using computer software. 
Witness statements are vital in this learning aim and should be detailed in their 
comments. 

Assignment 2: Putting the Puzzle Together* 

● Much of learning aim C will be incorporated into the general construction aspects of 
learning aim B, since the building of effective operational circuits will inevitably 
depend on the learners’ ability to fault-find and assess each component when 
connected in a circuit as the building of the circuit develops. 

● Emphasise continual checking of components and circuit assembly regularly and 
stress the importance of making notes at every step carried out in learning aim B. 

● Offer simple examples of technical faults in some practical circuits or in circuit 
diagrams and ask learners to spot them. Practical work will inevitably require witness 
statements to help in the accurate assessment of this learning aim.  

● It may help to use collective teaching to demonstrate the problems that one group 
may have and then to share it with the whole group. Learners should then be 
expected to work independently when building the more complex circuits. 
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Unit 21: Electronics in Action 
● Teach the principles of measurement – restricted to voltage and current – and 

calculations of resistance and use both digital multimeters and analogue voltmeters 
and ammeters. If you are tight on time, focus on digital multimeters as these are 
predominant in the electronics industry. 

● If other resources are available then the use of oscilloscopes can be demonstrated 
and logic probes can be used to detect the signal at the start (input) of a logic gate. 
Repeat measurements can be demonstrated either by your visual observation of 
learner activities and/or by written work on completion of the assignment. 

● Instruct learners to attempt to evaluate their circuits in light of their measurements, 
and then offer valid suggestions for improvement to the design of the circuit (if the 
circuit did not work at first, what was done to rectify the problem). As a plenary, a 
number of valid points can be listed and opened for discussion. 

● Achieving the higher grades will depend on the operation of the circuit made. The 
circuit must work if valid measurements are to be taken and comments made. 

● The emphasis in learning aim C is to make sure that the circuit has been checked for 
its operation throughout the development of the unit, highlighting that learners are in 
a workshop. Learners’ evidence should take the form of a testing log book or table of 
progressive activity, a scientific report (including expected currents and voltages for 
a circuit), photographs (where relevant) of their circuits, observation and witness 
statements where necessary. 

Assignment 3: Making it Work* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 3: Energy and Our Universe 

o Unit 6: Applications of Physical Science 

o Unit 8: Scientific Skills 

o Unit 9: Practical Scientific Project 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
and Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Application of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve Pearson 
endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Mawson, D, Bell, P., Poole, P. and Shepard, T., Design and Make it! GCSE Revised - 
Electronic Products, Nelson-Thornes, 2001 (ISBN 978-0-7487-6079-4) 

McHugh, D., The Essentials of GCSE Electronic Products: Electronic Products 
Workbook, Lonsdale Revision Guides, 2005 (ISBN 978-1-9051-2920-1) 

Penfold, R.A., Electronic Project Building for Beginners, Bernard Babani Publishing, 1996 
(ISBN 978-0-8593-4392-3) 

Websites 

www.electronicsinschools.org 
Designed for use with level 2 learners and covers all the main aspects of circuit 
building from component listing to circuit construction. 

www.schoolscience.co.uk 
Useful site that includes many relevant topics but should be pre-visited to ensure the 
focus of particular topic information. 

http://sound.westhost.com/beginners.htm 
Useful site listing all the major sections contained in this unit with examples and 
clearly worded descriptions of component operation within circuits. 
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Unit 22: Biotechnology Procedures and 
Applications 

Delivery guidance 

Approaching the unit 
This unit gives learners the opportunity to explore biotechnology, its uses and its 
applications. They will need internet access so they can explore and carry out 
research. Use practical activities, where possible, to aid your learners’ understanding 
of the principles of biotechnology. Give learners the opportunity to visit an industrial 
biotechnology laboratory so they are able to put biotechnology techniques and 
procedures into context. 

Delivering the learning aims 
Learning aim A looks at the development of biotechnology in plant and animal 
systems over the years. 

● Learners could investigate historical biotechnology processes practically. They 
could also investigate current processes used and identify the advantages and 
disadvantages of the techniques used historically compared to those used today. 
This will allow learners to compare and contrast biotechnology processes. 

● If you not able to carry out any biotechnology procedures in the laboratory, you 
could take your learners on a visit to an industrial biotechnology laboratory. 
From information they gather from the visit, learners could work in small groups 
to develop a short presentation on the processes they have observed. 

Learning aim B explores the use of biotechnology in our everyday lives. 

● Learners could investigate the processes used to make the products identified in 
the unit content (B.1). They could explore and discuss the advantages and 
disadvantages of these products and produce an information poster outlining the 
pros and cons. 

● You could use topical news articles for starters to prompt discussions about the 
issues surrounding the use of biotechnology. 

● When looking at DNA isolation, learners should consider how DNA is isolated and 
its uses following isolation. They could create a newspaper article or a 
presentation such as a simple podcast or animation to explain the theory, 
process and applications of DNA isolation. 

● Following your explanation of organisms used to manipulate genes, learners could 
discuss the advantages and disadvantages of using the different organisms. This 
could allow them to prepare a short written account or presentation about the 
process. 

● Through a practical activity, learners could perform a basic gene-manipulation 
exercise using suitable kits available from various suppliers. 

In completing this unit, learners should be encouraged to explore both the 
advantages and the disadvantages of the biotechnology industry. 

When practical investigations are undertaken you must ensure that local policies for DNA 
handling are adhered to and that health and safety is paramount in the investigation. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 22: Biotechnology Procedures and Applications 

Introduction 
You could introduce this unit to learners using a series of topical articles on the common 
debates surrounding biotechnology. This will provide an engaging discussion forum to 
explore the principles of biotechnology and allow learners to investigate the advantages 
and disadvantages of the industry for society and life. 

Learning aim A: Explore how the biotechnology industry has developed 

● To ensure that learners understand the definition of biotechnology you could give 
them a series of words that will define biotechnology when put in the correct order. 

● A visiting speaker or a visit to a biotechnology laboratory will be helpful in motivating 
learners and in gathering information towards their evidence. Through these means, 
or through practical investigation, learners could explore and contrast the historical 
methods and current methods of biotechnology. Learners could gather relevant 
information from the speaker or visit and use internet facilities to investigate further 
biotechnology techniques used in the past and now. Following on from this, learners 
could discuss the similarities and differences between the processes and also their 
advantages and disadvantages to society. 

● Give learners relevant case studies of historical biotechnology processes (for 
example, breeding of plants and animals in agriculture to improve yield, 
gathering/processing herbs for medicine, bread, cheese and vaccines) and current 
biotechnology processes (for example, artificial selection of characteristics for babies, 
genetic manipulation for the production of medicines such as insulin). This will 
prompt further discussion to help learners adopt an unbiased approach to 
biotechnology. 

● When practical activities are performed, it is important that learners understand the 
health and safety issues and that you/they risk assess their investigations. A range of 
practical activities could be undertaken. For example, learners could extract DNA, 
separate fragments using gel electrophoresis and look at DNA fingerprinting. They 
could then discuss the advantages and disadvantages of these practical procedures. 
Learners could also discuss the similarities and/or differences between modern and 
historical biotechnological techniques. Suitable practical sessions are suggested on 
the Biotech Project website.  

● Learners could then bring together what they have found out to produce a written 
account or presentation which should be broken up into sections. The activities 
completed by learners will provide them with a clear source of information to allow 
them to develop a suitably structured report/presentation on what biotechnology is, 
the principles, explanations and advantages/disadvantages of historical 
biotechnological processes, along with the principles, explanations and 
advantages/disadvantages of modern biotechnological processes. 

Assignment 1: The Development of the Biotechnology Industry* 

Learning aim B: Explore how biotechnology is used in our everyday lives 

● Discuss with learners some of the current products of biotechnology (B.1) and 
include a number of non-biotechnology products. Give learners a list of products from 
both fields and ask them to say which are biotechnological and which are not. 
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Unit 22: Biotechnology Procedures and Applications 
● Then give learners case studies on the use of biotechnology for drug production and 

the production of fuels and detergents. This will provide a platform for discussion as 
to how biotechnology products have improved things for society. 

● Working in groups, learners could research techniques used in biotechnology, for 
example synthesising insulin. They could create an information poster to identify 
products made using their techniques and explain how they have had a positive 
impact on society. They should then feed back to the rest of the class. 

● Learners should bring together their learning to produce a written account or 
presentation about the advantages and disadvantages of biotechnology. 

● Give learners the opportunity to use DNA-isolation techniques practically. This will 
allow them to understand the step-by-step nature of DNA isolation and be able to 
discuss it. When practical investigations are undertaken you must ensure that local 
policies for DNA handling are adhered to and that health and safety is paramount in 
the investigation. 

● Following this, give learners the opportunity to explore gene manipulation through 
research. Working in small groups, learners should choose two processes and identify 
the advantages and disadvantages of these in gene manipulation. 

● Allow learners to research a biotechnological product individually, describing how it is 
made on an industrial scale – for example, yoghurt. 

● Learners then debate the issues – ethical, environmental and social – surrounding 
the use of biotechnology and produce an information leaflet evaluating the pros and 
cons. Learners will be able to use the points raised in their discussion to evaluate the 
argument for biotechnology procedures, such as gene manipulation. 

● Learners should bring together their learning to produce a written account or 
presentation about gene manipulation and the advantages and disadvantages of 
using different organisms to manipulate genes. 

Assignment 2: Biotechnology in Our Lives* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 12: The Living Body 

Resources 
Websites 

www.accessexcellence.org/RC/AB/BC/what_is_biotechnology.php 
An online resource providing information on biotechnology. 

www.bbc.co.uk/scotland/learning/bitesize/standard/biology/biotechnology/ 
Has suitable resource for learners providing information on biotechnology. 

http://biotech.bio5.org/ 
A suitable resource for examples of practical activities that could be used in 
biotechnology to engage learners in the topic area. 

www.biotechinstitute.org/what-is-biotechnology 
Has suitable resources for learners and teachers on biotechnology. 

http://learn.genetics.utah.edu/ 
An online virtual laboratory for DNA extraction and so on – a useful resource for 
learners and teachers. 
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Unit 23: Further Chemistry 

Delivery guidance 

Approaching the unit 
This unit provides learners with a good insight into the applications of the key 
chemical concepts in everyday life. They will use knowledge from the mandatory 
Units 1, 2, 3 and 5. Some learners may need extra support to access the quantitative 
aspects of the unit, including mole calculations and conversions of units of 
measurement. It will be advisable to revisit the concepts of bonding, organic 
molecules and controlling rates at the start of the unit to ensure that all learners 
start from the same baseline. The unit is underpinned by the skills taught in Unit 8 
and so access to a laboratory will be essential for the delivery. It is an excellent unit 
for bridging level 2 to level 3 qualifications. You may want to go over key laboratory 
safety rules at the beginning of the unit. You will need the following equipment: basic 
laboratory glassware, power packs and chemicals. 

Delivering the learning aims 
Learning aim A follows on from Unit 2 where learners will have learned about ionic 
bonds and salts. 

● Learners should reflect on the physical properties of chemicals learned in Unit 2 
and relate these to the types of bonding. You could start with the question: 
‘What happens when I pass a current through sodium chloride?’ A circuit could 
then be set up with a power pack, wires and an ammeter to test the conductivity 
of solid NaCl then a solution of NaCl. Get learners to think why the solid does not 
conduct electricity, even though it is made up of charged particles. 

● Learners will explore the properties of ionic compounds as solids, molten and in 
solution. You will need to provide relevant directions to enable learners to 
interpret results of their investigation. 

● The fundamental principles of electrolysis should be taught and extended from 
the key scientific skills learned in previous units. 

Learning aim B puts the above knowledge to use and may prove to be the most 
challenging of the three learning aims. 

● Allocate sufficient time to the delivery of quantitative lessons. 

● The latter part of this section requires careful selection of good analogies for 
equilibrium and ensuring that learners grasp the difficulties of using reversible 
reactions to prepare a particular product. An analogy for equilibrium is the model 
of a person trying to move up an escalator that is going down. A good visual 
starter could be the reversibility of the reaction of copper sulfate solution and 
concentrated hydrochloric acid. Learners can clearly see the change in colour 
from blue to green on adding the acid, and then reversing the reaction by adding 
water. This aim is closely linked to Unit 2 where learners will have covered the 
collision theory and the factors to be considered in considering the rate of a 
reaction. 

● Even though the Haber process allows for the delivery of all aspects of equilibria, it 
may be advisable to start with simpler systems such as the reaction between 
hydrogen and iodine, where there are equal volumes of gas on both sides of the 
equation. 
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● Learners should then be given opportunities to work out the effect of altering 
external conditions on the key industrial processes, concentrating on the Haber 
process. 

● To give this section a real-life application perhaps co-curricular work could be 
done with the business studies or economics departments to debate the balance 
between cost, productivity and quality control in large-scale industry. This will 
also link in well with learning aim C if the perfume or food flavouring industry is 
used as an example. 

Learning aim C covers looking at further laboratory techniques in organic topics 
including distillation learned in Unit 5. 

● As an introduction, show learners examples of where alcohols are used including 
sanitising gels, alcoholic drinks and solvents in food flavouring. Using the 
esterification reaction as an example of ‘troublesome’ equilibria in industry will 
enable learners to reinforce their understanding of the control of equilibrium 
reactions. 

● Then revisit the products of crude oil and go through the various homologous 
series – formulae, structure and nomenclature. 

● Then give learners an insight into how alteration of a single atom can give rise to 
different molecules in order for them to appreciate synthetic processes. 

● You could give learners pre-course research into examples in industry where 
fermentation is used. Visiting a local brewery will enrich the topic covering the 
production of ethanol. The esterification lessons can be applied to the food 
industry, specifically the use of artificial flavourings. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 23: Further Chemistry 

Introduction 
Outline the unit to learners, explaining that it is made up of three diverse chemical 
concepts that can be taken as ‘mini’ units and will provide them with a good insight into 
the applications of the key chemical concepts to everyday life. 

Learning aim A: Investigate electrolytic processes 

● A visit to a chemical company that carries out electrolysis, manufactures organic 
compounds or uses equilibrium reactions to manufacture products would be helpful in 
motivating learners and would help them in gathering information towards their 
evidence. 

● Establish the key components of electrolysis and the identification of oxidation and 
reduction processes to ensure that learners have opportunities for reinforcing their 
learning about electrolysis. There are some excellent animations on the internet that 
could be used both in directed and independent learning. Learners need to study 
molten ionic electrolytes as well as solutions. 

● When learners carry out investigations such as the electrolysis of brine or copper 
sulfate solution, the recording of results should include an identification of the 
electrolyte, balanced half-equations for redox and the names of products at the 
electrodes.  

● Establish a set routine with guidelines on writing up investigations. The challenge is 
in recording observations in a systematic manner. A template for recording 
qualitative and quantitative evidence will be very useful to learners. 

● Having covered the electrolysis of different electrolytes qualitatively in terms of 
nature of the products, the quantitative aspects must also be investigated. Choosing 
an appropriate electrolyte (CuSO4 solution with Cu electrodes is ideal) learners must 
then investigate the following variables: surface area of electrodes, voltage and 
concentration of electrolyte. This should lead on to the conditions required for 
successful electroplating. A simple (and cheap) way to demonstrate electroplating is 
by copper-plating steel paperclips or cheap jewellery that learners could bring in. 

● You could carry out preliminary investigations on the difference in resistance and 
current flowing through equal lengths of copper wire of different purities. This should 
highlight the importance of purifying copper. The most able learners will be able to 
collect quantitative data – for example, the percentage difference in current flowing 
through wires of different purities. 

● Learners should have also carried out investigations in which they record and 
interpret changes in mass at both electrodes. This could be incorporated into their 
written work for this learning aim. Having been taught about half-equations in 
electrolysis, learners could also be reminded to include these in their work. 

● Learners should bring together their learning to produce a written account or 
PowerPoint® containing diagrams, equations and text. These should include the fully 
labelled electrolytic set-up with the electrolyte, electrodes and power supply. The 
equations should clearly demonstrate how the metal in the solution is reduced to 
plate their chosen object at the negative electrode.  

Assignment 1: Electrolysis and Electroplating* 
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Unit 23: Further Chemistry 

Learning aim B: Explore equilibrium reactions between gases 

● The first part of learning aim B is quite demanding, particularly for less able 
mathematicians. The main challenge is for learners to grasp the mole concept and the 
complex conversions from mass to moles, and volumes of gases to moles. You may wish 
to weigh out molar amounts of known chemicals in sample bottles, e.g. carbon, sulfur, 
magnesium, iron filings, copper and so on to help with the idea of the Avogadro 
constant. 

● Learners will benefit from carrying out investigations that release gaseous products, 
including carbonates with acids. They can measure the mass of the gas produced 
(from loss of mass), and then repeat the experiment measuring the volume of the 
gas instead. From their results, molar volumes can be calculated. They should control 
the variables (same mass of carbonate and same volume and concentration of acid) 
to ensure that the same amount of gas is produced so that the relationships between 
mass, moles and volume are demonstrated. 

● The second part of the learning aim requires a revisit to balanced equations and the 
introduction of the reversible arrows. To introduce the topic, you could recap the 
changes in physical states to demonstrate reversibility. A good demonstration for 
chemically reversible reactions is the reaction of copper sulfate with concentrated 
hydrochloric acid. This is an excellent reaction for demonstrating the effects of changes 
in concentration and temperature. The blue colour [Cu(H2O)6]2+ persists in excess 
water and the reaction is driven in the direction of yellow product [CuCl4]2− by adding 
the concentrated acid. This results in a green solution, demonstrating the presence of 
both reactants and products. Then the reaction mixture can be put alternately in an ice 
bath, then a warm water bath, asking learners to explain the changes. This is linked to 
the topic of energy changes in reactions from Unit 5. 

● Having established the key points of equilibria, the Haber process can be used to 
teach about gaseous equilibria and the importance of such reactions in industry – in 
ammonia production. 

● Learners should carry out research to obtain data on the effect of temperature, 
pressure and use of catalysts on the production of ammonia in the Haber process. 
The data should include diagrams, equations, descriptions and molar volume 
calculations.  

● Discussions on the rationale behind the choice of temperature and pressure should 
be in terms of the effect on cost and yield. A flow diagram would be useful to show 
how the raw materials are used in the process of making ammonia. This could be 
annotated with the expected yield under given conditions. To highlight the effect of 
pressure and temperature, graphs should be included to show how these affect yield. 
Another flow diagram could be included to show how recycling the waste gases can 
increase the poor yield to an appreciable level.  

● Note also the requirement (B.13) to consider the treatment of ammonia to form nitric 
acid and fertilisers. 

Assignment 2: The Dynamic Equilibrium* 

Learning aim C: Explore the chemistry of alcohols 

● It may be best to introduce learning aim C by recapping the fundamental principles of 
organic chemistry covered in Unit 5. This can then be extended to the introduction of 
alcohols and carboxylic acids as new homologous series of oxygen-containing 
compounds. 

● Learners should be given opportunities to carry out fermentation reactions using 
yeast and sugar solutions. Using fruit juices instead of sugar solution will give a more 
‘applied approach’ to the topic and learners could investigate which fruit juice is best 
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Unit 23: Further Chemistry 
for fermentation. It is essential that they carry out distillation of their product. For 
extension work, learners could test the product using potassium dichromate solution 
and link this to breathalysers mentioned in Unit 19. 

● Allowing further fermentation should yield ethanoic acid that learners can test for 
using sodium carbonate. You may want to allow learners to leave fruit juices in a 
warm place for several days to demonstrate that they ‘go off’ and why wine turns to 
vinegar when it is kept in aerobic conditions. 

● Remind learners that ethanol can also be made by reacting ethene with steam. 
● An introduction to esters can be via samples of flavourings, perfumes and air 

fresheners. Stimulate discussions about the pros and cons of artificial flavourings and 
perfumes, considering quality and cost. 

● Allow learners to carry out esterification reactions. You may want to give more able 
learners some freedom at experimenting with their own combinations of alcohols and 
carboxylic acids. Spend some time on naming esters systematically. A simple way of 
preserving learners’ products is by dropping their esters on to a piece of cardboard 
and ‘sealing’ the scent with a smear of plain gelatine. This creates a ‘scratch and 
sniff’ card. 

● To finish off this section, learners could research the uses of polyesters in the 
manufacture of fibres and plastic bottles. If there is time, the environmental 
implications of disposing of these man-made fibres and plastics can be discussed. 

● Learners should bring together their learning for learning aim C to produce a written 
account or PowerPoint presentation which compares the two methods of producing 
ethanol – fermentation of sugar using yeast and the reaction of ethene with steam. 
Learners could consider both cost and effects on the environment. Learners could 
include data about the cost of different sources of sugar – e.g. sugar cane and sugar 
beet – remembering to include transport costs. Learners should then discuss how the 
ethanol is further oxidised to ethanoic acid. Cost consideration should include 
purification and isolation of the ethanoic acid, such as distillation. Labelled diagrams 
of the fermentation process and subsequent distillation could be included. 

● Learners could extend their work to include the esterification process. They should 
construct equations for the esterification reactions and discuss the conditions that will 
maximise the yield while ensuring that costs are kept low.  

Assignment 3: Alcohols and their Applications* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 1: Principles of Science 

o Unit 2: Chemistry and Our Earth 

o Unit 3: Energy and Our Universe 

o Unit 5: Application of Chemical Substances 

o Unit 8: Scientific Skills 

o Unit 19: Chemical Analysis and Detection 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
and Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Application of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve 
endorsement. 

Clark, J., Edexcel International GCSE Chemistry Student Book, Pearson Education, 
2009 (978-0-4359-6689-8) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Application of Science Student 
Book, Pearson Education, 2012 (ISBN 978-1-4469-0280-6) 

Levesley, M. et al., Edexcel GCSE Science Student Book, Pearson Education, 2011 
(ISBN: 978-1-8469-0889-7) 

Journals 

www.nationalstemcentre.org.uk/elibrary/file/14763/ethanol.pdf 
Useful for industrial applications of ethanol. 

www.nationalstemcentre.org.uk/elibrary/science/resource/306/perfumes- 
A really good resource about the perfume industry with excellent ideas about 
practical projects. 

Videos 

www.btinternet.com/~chemistry.diagrams/electrolysisPbBr2.swf 
Simple animations of electrolysis. 

www.sciencelessons.co.uk/flash/aluminium.swf 
Animations for the electrolysis of aluminium oxide. 

www.tes.co.uk/ResourceDetail.aspx?storyCode=6032459 
You will need to register (free) to view this excellent resource for Le Chatelier’s principle. 

Websites 

www.rsc.org/Education/EiC/issues/2006May/ExhibitionChemistry.asp 
Spectacular reversible reaction that can be set up really easily with copper sulfate. 
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Unit 24: Further Physics 

Delivery guidance 

Approaching the unit 
In this unit, learners will investigate and explore the theory underpinning several 
major areas of the application of physics – from this work they will look at the 
applications of these in our world. Learners will need access to computer facilities 
throughout this unit, which builds on the knowledge gained in Unit 1, Unit 3 and Unit 
6. Revising basic algebraic techniques and graph plotting may prove beneficial 
because a significant proportion of the criteria require these skills. The material 
covered does not lend itself to a direct practical approach, but both practical 
simulations and related practical activities could provide opportunities for practical 
work. The whole unit could be approached from a vocational perspective – much of 
the content falls under the heading ‘medical physics’. A visit from a professional with 
experience in radiology and/or nuclear medicine would be very helpful. 

Delivering the learning aims 
Learning aim A addresses both the scientific theory behind X-rays and their 
practical applications. Using a computer simulation to model the generation of X-rays 
and their effect, then analysing the results, will probably prove most productive for 
A.1 to A.3. For unit content A.4 to A.8, discussing the advantages and risks of X-rays 
in a vocational setting is ideal. A trip to a radiology facility or a visit from a radiologist 
could provide this. 

Learning aim B is concerned with the uses of cyclotrons and circular motion. In-
depth circular motion calculations such as F=mω2r are not required, however 
momentum and kinetic energy calculations are required for distinction level work. 
These calculations can be linked to the calculations carried out during learning aim A, 
although the distinctness of cyclotrons and X-ray machines as methods of generating 
high-energy particles must be maintained during teaching. Learners could benefit by 
studying the use of cyclotrons for research purposes (for example, CERN) as well as 
in a medical context. 

Learning aim C focuses on radioactivity. Assessment criteria 1C.7, 2C.P7 and 2C.M4 
formalise learners’ understanding of radioactive decay with decay equations and N–Z 
graphs. The concept of ‘stability’ will be key to learners’ progress. Criteria 1C.8, 2C.P8 
and 2C.M5 require learners to apply their understanding to medical uses of 
radioactivity. This is an ideal opportunity for developing evaluative skills – asking 
learners to weigh up the benefits and drawbacks of nuclear medicine. It would be both 
interesting and beneficial to discuss the ethical implications of this if time allows. 

Learning aim D focuses on the behaviour of gases. The introduction/revision of 
collision theory will benefit learners during coverage of this aim. Well-designed 
practical activity will support progress against all criteria. Use demonstrations where 
the result is instantly apparent – such as balloons to show volume changes under 
constant pressure, or a bike pump to demonstrate the effect of pressure on 
temperature – rather than more conceptual and quantitative measures. This aim is 
slightly removed from the others – not concerning ionising radiation – but can very 
much fit within the vocational context of the unit. Gases have a long history of use as 
anaesthetics, from laughing gas in the Victorian era to xenon in modern medicine. 
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Getting started 
This provides you with a starting place for one way of delivering the unit, 
based around the suggested assignments and tasks in the specification. 

Unit 24: Further Physics 

Introduction 
You could introduce this unit in the context of medical physics. Outline to learners the 
rivalry between the branches of science and ask them to debate whether biology, 
chemistry or physics has made the most significant contributions to medicine. Ask 
learners to research and support the viewpoint that physics is the most significant, 
against the more obvious biological and chemical contributions. Learners could research 
individually and then share findings with the whole group. You could get some learners 
arguing for physics, some for chemistry and some for biology, although it may be best for 
all learners to keep the focus on physics – you could play devil’s advocate. This will lead 
learners to discover some of the techniques and concepts studied throughout the unit. 

Learning aim A: Investigate X-rays 

Learning aim C: Investigate radioactivity 

Part 1: How do we see inside the body? (learning aim A) 
● Start by focusing on the uses of X-rays and the physics behind this. Revisit or 

introduce the concepts of charge and ionisation, in the context of atomic structure. 
Ensure learners know that freeing electrons requires energy. Learners could be 
introduced to how a cathode ray tube works via a video or some text on the subject. 
They should label a diagram including the anode, cathode, heating element, vacuum 
tube and so on. They should give, separately, a detailed description of how 
thermionic emission works, including the energy transfers involved. 

● Introduce learners to the equations current = charge ÷ time, charge = number of 
electrons × charge on electrons and kinetic energy = charge × accelerating voltage. 
These could be derived from simulated practical work, for example asking learners to 
plot a graph of accelerating voltage against kinetic energy and finding the gradient to 
be the electronic charge. Learners can show their ability to use the equations using a 
simple worksheet, possibly aided by formula triangles. 

● Learners should then be challenged to list as many uses of X-rays in medicine as 
they can, beyond simply examining bones. A discussion of how doctors diagnosed 
before their invention could be used to bring out their many advantages, particularly 
over invasive methods. 

● If radiotherapy is given as a use of X-rays, this presents the perfect opportunity to 
explore the potential risks, because it highlights their ability to kill cells. Learners 
could then be given a number of diagnostic and therapeutic scenarios, and be asked 
to choose whether to use X-rays or an alternative, evaluating the risks and benefits 
involved. Learners could be further stretched by a discussion of how best to inform 
patients about these risks. A visit from a radiologist could provide an excellent point 
for discussion of how best to manage the somewhat different risk to medical staff 
from X-rays. A discussion could also be centred on objects such as exposure meters 
and lead-lined protective clothing. The idea of the inverse square law can be 
illustrated by scattering objects (such as coins or small blocks) over areas of varying 
size and observing the effect on their density. 

● Once benefits and risks have been covered these should be related back to how X-
rays are made, discussing how best to design machines and administer treatment to 
minimise risks while maximising benefits – for example ensuring that the energy of 
X-rays used is high enough to kill cancer cells but low enough to minimise damage to 



UNIT 24: FURTHER PHYSICS 

Delivery Guide – Pearson BTEC Level 1/Level 2 First Extended Certificate in Applied Science –  
Issue 2 – October 2014 © Pearson Education Limited 2014 

173
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healthy tissue. The key here is relating the output of the machine, in terms of 
frequency to the voltage applied, and the separate impact of current on intensity. 

● Learners should then bring together their learning to produce a written explanation of 
the uses of X-rays in a hospital and the physics behind them. It must include 
diagrams, descriptions, equations and the work discussed above. 

Part 2: The secret lives of nuclei (learning aim C) 
● Move on to investigating radioactivity and the physics behind nuclear medicine and 

isotopes. Begin by revising nuclear structure with your learners with definitions of 
protons and neutrons, as well as how to read atomic symbols and an explanation of 
atomic number and nucleon number. Your learners must understand the concept of 
stability before they attempt the tasks. A possible analogy to use is the game Jenga. 
As the tower gets taller (molecules get bigger) it becomes more likely to collapse 
(nucleus decays). 

● Once these foundation concepts are secured, ask your learners to plot an N against Z 
graph. Be absolutely clear about the difference between neutron number and nucleon 
number – most mistakes in this area come from mixing these up. They could shade 
regions to indicate where you would expect to find alpha, beta plus and beta minus 
emitters. Learners should draw arrows on the graph showing at least one example of 
each kind of decay. 

● A fill-in-the-blanks activity is an excellent way of introducing and assessing nuclear 
equations. Once the idea of each side adding up to the same numbers is established, 
learners will tend to find them quite easy to use. If they struggle, use a visual aid 
such as drawings or models of the nuclei to help them. Quarks are also best 
understood visually, by drawing them inside protons and neutrons. Asking learners to 
research quarks independently can help them to overcome initial disbelief about their 
existence. More able learners, in particular, can struggle to accept their existence. 
Another possible approach would be to explain and give the results of the deep 
inelastic scattering experiment, and ask learners to deduce what they mean. 

● Bear in mind that that E = mc2 must be applied to mass–energy conservation rather 
than simply used to calculate mass–energy equivalence. You could ask your learners 
to add up the masses before and after some decay processes and note the 
discrepancies. Most will be aware that mass is conserved in normal situations and 
also interested as to where the lost mass has gone. They could then calculate the 
energy equivalence of this mass and, if E = hf (not required here) has been covered 
in other units, the frequency of gamma rays emitted or the kinetic energy of the 
newly formed particles. This could appear on the same worksheet as the nuclear 
equations, as an extension dealing with mass changes. It could also be linked to the 
work on momentum and kinetic energy in learning aim B. 

● The criteria relating to nuclear medicine would be very well supported by a visit from 
someone with experience in the area. Learners can show they have met all three 
criteria by choosing isotopes (from a given list) for diagnostic and therapeutic 
scenarios and justifying these choices in terms of energy, penetrating ability and 
half-life. 

● Learners could extend their written explanation to include the physics that a nuclear 
medicine department uses, how to remain safe during employment and how they 
choose the isotopes they use. It should contain an N–Z graph, complete and correct 
nuclear equations and mass-energy equivalence calculations. 

Assignment 1: Get Well Soon* 

Learning aim B: Investigate the motion of particles 

● Start by highlighting to learners the relationship between stability (covered in 
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learning aim C) and this topic. The fact that proton beams are used to make isotopes 
unstable is key here. 

● Ensure that you teach the mechanics of circular motion in a sufficiently simple way so 
that learners are not baffled, given it is somewhat counterintuitive. Demonstrate 
circular motion with a ball on a string, or more elaborately with a swingball set. 
Demonstrations of circular motion are simpler if done horizontally rather than 
vertically, so resist the urge to demonstrate with a spinning bucket of water! Once 
the concept is secure, learners should label a diagram of a cyclotron and draw 
diagrams of the forces on protons within. 

● Ensure that learners understand that a cyclotron gives particles energy. Learners 
could demonstrate this by drawing before and after diagrams of nuclei, showing that 
the nucleons rearrange in the collision, and then return to their original state after 
decay. 

● The equations used to calculate momentum and kinetic energy do not lend 
themselves to formula triangles or a ‘plug in the numbers’ approach. Encourage 
learners to consider the physical reality of the calculations as well as the numbers 
involved. The distinction criterion could be assessed through an exercise asking 
learners to determine if collisions are elastic or inelastic, using the conservation of 
momentum to find final velocities and the kinetic energy equation to compare 
energies before and after. This could be related to the function of the cyclotron 
chosen – does it have the necessary energy to make this isotope? What if the 
collision were inelastic? 

● Learners should then produce a written account or PowerPoint® presentation 
explaining the physics behind the cyclotron as a method of generating high-energy 
particles. Learners should include a diagram of a cyclotron and the unstable nuclei it 
produces, followed by the calculations. As further evidence that the criteria relating 
to N–Z graphs (learning aim C) have been met, learners could show the decays of 
isotopes produced on an N–Z graph. 

Assignment 2: In a Spin!* 

Learning aim D: Investigate kinetic theory and gases 

● Use a simulation to show the motion of molecules of a gas in a container – there are 
many available on the internet. Ask your learners to draw a diagram of the gas 
indicating that the particles are moving. You could demonstrate the effects of gas 
pressure by having a group of learners (acting as a gas) encircled by another group 
with linked arms (a balloon). As your learners who are acting as a gas move more 
quickly they will collide with the wall more. Having your ‘balloon’ learners hold each 
other tightly mimics situations involving constant volume, as the force on the 
‘balloon’ will increase as the ‘gas’ moves faster. Allowing the ‘balloon’ learners to 
spread out mimics situations involving constant pressure. More mathematically able 
learners could benefit from linking the collisions of gas particles to the work done on 
momentum during learning aim B. 

● Plotting a graph of kinetic energy against Celsius temperature and discussing why 
the graph does not go through the origin is a good discussion point for introducing 
the Kelvin scale and the relationship between temperature and kinetic energy. Use a 
number line to support less able learners in understanding the Kelvin scale. 

● It may confuse your learners if you introduce them to all three required gas 
equations at once. Introducing them to P1V1/T1 = P2V2/T2 and then showing the other 
two as simplifications in special cases is often more intuitive. The equations are far 
easier to use if you put the numbers in and then rearrange, rather than rearranging 
before putting in the numbers. Calculating temperature changes is the most 
challenging thing that can be done with these equations – a rearranged form could 
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be given to learners for this because rearranging is not required. 

● Learners should bring together their learning to produce a written account with 
graphs plotted and calculations done. The calculations should show that learners are 
consistently getting the correct answer. While they need not all be correct, a 
sufficient number should be done to show that learners are only making mistakes 
occasionally. 

Assignment 3: Something to Gas About* 

*Full details for the assignment and scenario can be found in the relevant 
qualification specification. 
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Details of links to other BTEC units and qualifications, and to other 
relevant units/qualifications  
● BTEC Level 1/Level 2 First Extended Certificate in Applied Science: 

o Unit 1: Principles of Science 

o Unit 3: Energy and Our Universe 

o Unit 6: Applications of Physical Science 

o Unit 11: How Scientific Theories are Formulated 

o Unit 16: Science in Medicine 

Resources 
Textbooks 

In addition to the resources listed below and books designed to cover GCSE Science 
and Additional Science knowledge, publishers are likely to produce Pearson-endorsed 
textbooks that support this unit of the BTEC First in Application of Science. Check the 
website (www.edexcel.com/resources) for more information as titles achieve 
endorsement. 

Goodfellow, D., Hocking, S. and Musa, I., BTEC First Principles of Applied Science 
Student Book, Pearson Education, 2012 (ISBN 978-1-4469-0279-0) 

Gray, S., Edexcel 360 Science: Separate Science Students Book, Pearson Education, 
2007 (ISBN 978-1-8469-0153-9) 

Journals 

www.nationalstemcentre.org.uk/elibrary/file/14763/ethanol.pdf 
Useful for industrial applications of ethanol. 

Websites 

www.falstad.com/gas/ 
A Java applet allowing you to demonstrate gaseous behavior. You are able to alter 
parameters such as the number of molecules, energy of the molecules and so on. 

http://hofoulva.tumblr.com/thermionic-emission-x-ray 
A simple animation of thermionic emission and X-ray generation. 

www.hse.gov.uk/radiation/ionising/index.htm 
Discussion of the dangers of radiation and how to manage them. Suitable for use by 
learners as an initial research task. 

www.isotopes.gov/outreach/med_isotopes.html 
A list of medically useful isotopes. Could be used to make materials for learners or by 
learners to find isotopes for defined purposes. 

www.ndt-ed.org/EducationResources/HighSchool/Radiography/xraygenerators.htm 
Detailed information about X-ray generation. 

www.nhscareers.nhs.uk/ 
Provides descriptions of careers in the health service including medical physicist, 
radiologist, etc. Simple enough for learners to use on their own. 

http://online.medphys.org/ 
Provides up-to-date information on current research. May be too detailed for some 
learners, but a useful source of articles for discussion and a possible research tool. 
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www.teachingmedicalphysics.org.uk/ 
Contains numerous resources to support planning lessons on medical physics. For 
teacher use rather than learners. 
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Annexe 

Assessment command words 
Most assessment and grading criteria start with a command word − ‘describe’, 
‘explain’, ‘evaluate’, etc. These words relate to how complex a learner’s answer 
should be. 

Learners will need to provide evidence that meets the command-word requirements 
of a criterion. For instance if the command word is ‘describe’ evidence must provide a 
description in the learner’s own words. (A diagram on its own for ‘describe’ is not 
sufficient, but a diagram may be used to help the description.) Some words in the 
assessment criteria grids have particular meaning in the science sector. For guidance 
definitions are given below.  

Word  Meaning  

Account Set out evidence for a particular claim. 

Analyse Examine methodically and in detail, typically in order to interpret. 

Apply Put skills/knowledge/understanding into action in a particular context. 

Assemble Collect information or materials in preparation to do a task. 

Assess Give careful consideration to all the factors or events that apply, and 
identify which are the most important or relevant. 

Balance Look at evidence for and against a task. 

Calculate  To numerically determine a solution, showing your working out in stages. 

Carry out Successfully complete a task using a structured approach. 

Classify To arrange the subjects into categories, such as elements or species. 

Collate Gather together data and assemble in logical or numerical order, e.g. find 
and set out group 2 elements in order. 

Collect Gather information from a variety of sources. 

Compare  To contrast the main factors relating to two or more items/situations 
against each other. 

Construct To make an item or product following research or instructions from the 
assessor. 

Contrast Identify the main factors relating to two or more items/situations, and 
explain the similarities and differences, and in some cases say which is 
best and why. 

Deduce From evidence or information make a judgement on a question. 

Define To describe accurately a concept, e.g. convection.  

Demonstrate To carry out practically or show sound knowledge. 

Describe  Give a clear series of statements that include all the relevant features 
(think of it as ‘painting a picture with words’). 

Design Develop and structure a plan which can be executed within a given situation.   

Determine Usually refers to experimental work – from data collection provide an 
answer to a problem. 

Develop Expand existing system or situation.  
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Devise Work out a way of achieving some task, usually involving planning. 

Discuss Consider different aspects of a topic and how they interrelate and the 
extent to which they are important. 

Distinguish To recognise and mark the difference between items, e.g. plant and 
animal cells, ionic and covalent compounds. 

Draw  Can be used in two ways – either to ask you to draw a diagram, or to 
produce a graph or table of results. Remember that diagrams of scientific 
apparatus should be shown as simple line diagrams, not as 3D pictures.  

Evaluate  Judge the reliability and validity of a conclusion based upon all the known 
evidence. Give evidence for each of your views or statements and for 
counter arguments. 

Explain  Provide detail which shows understanding of a description and give 
reasons and/or evidence to support the points you are making. Start by 
introducing the topic then give the ‘how’ or ‘why’. 

Identify Recognise or indicate the main features or purpose of an object. 

Interpret To explain trends and data from experimental results / tables of data. 

Investigate To carefully search for facts / evidence by research or observation. 

Justify Give reasons or evidence to support an opinion. 

Link Group together items or evidence from different sources for a purpose. 

List Prepare a series of names, numbers or words, e.g. list the types of 
radiation found in the electromagnetic spectrum. 

Outline Give a simple account or summary. 

Measure To determine the exact dimensions, properties or characteristics of a 
subject, e.g. force, rate, growth.  

Name To set out a word or term by which an object is known.   

Plan Work out and plan how you would carry out a task or activity, and be 
prepared to change or modify the original plan to achieve your purpose. 

Predict Set out what you believe will happen, e.g. predict effect that exercise will 
have on the human body. 

Prepare Carry out preparation for a task effectively through organising data, 
materials or processes. The outcome may be a plan or model. 

Present Show in organised manner. 

Process To carry out work by following a given set of instructions or method. 

Produce To create, construct or make. 

Question Given information or concept critically analyse to check its validity. 

Record Set out evidence or data in a particular format. 

Relate To show a connection between two or more things, e.g. the similarities of 
elements to particular characteristics in a group of the periodic table. 

Select Choose the best or most suitable option. 

State Provide a clear and full account in speech or writing. 

Use Put something into action to achieve a specific goal or target. 

Write Use extended writing or typescript to provide an answer to a question or task. 
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