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Summary of changes in Pearson BTEC Higher Nationals in Applied
Sciences Issue 6

Summary of changes made between previous issue and this current | Page
issue number

Addition of specialist optional Unit 73: Environmental Pollutants and Water | 772
Testing to the qualification, including structure tables in Section 4.

10 Pearson BTEC Higher Nationals in Applied Sciences Units
Revision of 1 existing unit: Unit 70: Histology and Haematology 740

Addition of 1 new unit:
Unit 73: Environmental Pollutants and Water Testing 772

Appendix 2: HNC/HND Applied Sciences programme outcomes for students
mapped to FHEQ level 5 descriptors

Added mapping of Unit 73: Environmental Pollutants and Water Testing 794

Appendix 5: Transferable skills mapping
Added mapping of Unit 73: Environmental Pollutants and Water Testing 807

Appendix 6: Pearson BTEC Level 5 Higher National Diploma in Applied
Sciences Mapped to the Apprenticeship Standard Level 5 Technician Scientist
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If you need further information on these changes or what they mean, contact us via
our website at: qualifications.pearson.com/en/support/contact-us.html.
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1 Introduction

BTEC is one of the world’'s most recognised applied learning brands, engaging
students in practical, interpersonal and thinking skills for more than thirty years.

BTECs are work-related qualifications for students taking their first steps into
employment, or for those already in employment and seeking career development
opportunities. BTECs provide progression into the workplace, either directly or via
study at university, and are also designed to meet employers’ needs. Therefore,
Pearson BTEC Higher National qualifications are widely recognised by industry and
higher education as the principal career-related qualification at Levels 4 and 5.

When developing the Pearson BTEC Higher National qualifications in Applied Sciences,
we collaborated with a wide range of students, employers, higher education
providers, colleges and subject experts to ensure that the new qualifications meet
their needs and expectations. We also worked closely with relevant professional
bodies, to ensure alignment with recognised professional standards.

There is now a greater emphasis on employer engagement and work readiness. The
new Pearson BTEC Higher National qualifications in Applied Sciences are designed to
reflect this increasing need for high quality professional and technical education
pathways at Levels 4 and 5, thereby providing students with a clear line of sight to
employment and to progression to a degree at Level 6.

1.1 The student voice

Students are at the heart of what we do. That is why, from the outset, we consulted
with students in the development of these qualifications. We involved them in writing
groups, sought their feedback, and added their voices and views to those of other
stakeholders.

The results, we believe, are qualifications that will meet the needs and expectations of
students worldwide.

1.2 Why choose Pearson BTEC Higher Nationals?

Pearson BTEC Higher Nationals are designed to help students secure the knowledge
skills and behaviours needed to succeed in the workplace. They represent the latest in
professional standards and provide opportunities for students to develop behaviours
for work, for example by undertaking a group project, or responding to a client brief.
A student may even achieve exemption from professional or vendor qualifications, or
student membership of selected professional bodies, to help them on their journey to
professional competence.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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At the same time, the Pearson BTEC Higher Nationals are intended to keep doors
open for future study should a student wish to progress further in their education
after their Level 5 study. They do this by allowing space for the development of higher
education study skills, such as the ability to research. Clear alignment of level of
demand with the Framework for Higher Education qualification descriptors at Level 4
and Level 5 means that students wishing to progress to Level 6 study should feel
better prepared. The Pearson BTEC Higher Nationals address these various
requirements by providing:

e arange of core, optional and specialist units, each with a clear purpose, so there is
something to suit each student’s choice of programme and future progression
plans

o fully revised content that is closely aligned with the needs of employers,
professional bodies, vendors and higher education for a skilled future workforce

e the opportunity to develop transferable skills useful for work and for higher
education, including research skills, the ability to meet deadlines and
communication skills’

e learning Outcomes mapped against the Technician Scientist apprenticeship
standard requirements

e assessments and projects chosen to help students progress to the next stage (this
means some are set by the centre to meet local needs, while others are set by
Pearson); students are required to apply their knowledge to a variety of
assignments and activities, with a focus on the holistic development of practical,
interpersonal and higher-level thinking skills

e an approach to demand at Level 4 and Level 5 which is aligned with the Framework
for Higher Education Qualifications (FHEQ)

e support for students and tutors, including Schemes of Work and Example
Assessment Briefs.

1.3 HN Global

Pearson BTEC Higher Nationals are supported by a specially designed range of digital
resources, to ensure that tutors and students have the best possible experience
during their course. These are available from the HN Global website,
www.highernationals.com

With HN Global, tutors can access Programme Specifications which contain useful
information on programme planning and quality assurance processes. Tutors can also
view Schemes of Work and Example Assessment Briefs, helping them create
meaningful courses and assessments. HN Global also allows tutors to create and
annotate reading lists for their students and keep up-to-date on the latest news
regarding HN programmes.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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1.4 Qualification titles

Pearson BTEC Level 4 Higher National Certificate in Applied Sciences

Specialist pathways are included within brackets in the qualification title:

Pearson BTEC Level 4 Higher National Certificate in Applied Sciences (Biology)

Pearson BTEC Level 4 Higher National Certificate in Applied Sciences (Forensic
Science)

Pearson BTEC Level 4 Higher National Certificate in Applied Sciences (Chemistry)

Pearson BTEC Level 4 Higher National Certificate in Applied Sciences
(Environmental Science)

Pearson BTEC Level 4 Higher National Certificate in Applied Sciences (Food Science,
Technology and Nutrition)

Pearson BTEC Level 4 Higher National Certificate in Applied Sciences (Polymer
Science and Technology).

Pearson BTEC Level 5 Higher National Diploma in Applied Sciences

Specialist pathways are included within brackets in the qualification title:

Pearson BTEC Level 5 Higher National Diploma in Applied Sciences (Biology)
Pearson BTEC Level 5 Higher National Diploma in Applied Sciences (Biotechnology)

Pearson BTEC Level 5 Higher National Diploma in Applied Sciences
(Forensic Science)

Pearson BTEC Level 5 Higher National Diploma in Applied Sciences (Chemistry)

Pearson BTEC Level 5 Higher National Diploma in Applied Sciences
(Water and Wastewater)

Pearson BTEC Level 5 Higher National Diploma in Applied Sciences
(Environmental Sustainability)

Pearson BTEC Level 5 Higher National Diploma in Applied Sciences
(Food Science, Technology and Nutrition)

Pearson BTEC Level 5 Higher National Diploma in Applied Sciences
(Polymer Science and Technology)

1.5 Qualification codes

Ofqual Regulated Qualifications Framework (RQF) qualification numbers:
Pearson BTEC Level 4 Higher National Certificate in Applied Sciences: 603/4570/6

Pearson BTEC Level 5 Higher National Diploma in Applied Sciences:
603/4574/3

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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1.6 Awarding institution

Pearson Education Ltd.

1.7 Key features

Pearson BTEC Higher National qualifications in Applied Sciences offer the following:

a stimulating and challenging programme of study that will be both engaging and
memorable for students

the essential subject knowledge that students need to progress successfully into
further study or the world of work

a simplified structure: students undertake a substantial core of learning in the
Level 4 HNC and can build on this in the Level 5 HND, with specialist and optional
units linked to their specialist area of study

six specialist pathways in the Level 4 HNC and eight specialist pathways in the
Level 5 HND, so there is something to suit each student’s preference of study and
future progression plans

refreshed content that is closely aligned with professional body, employer and
higher education needs

assessments that consider cognitive skills (what students know) along with
affective and applied skills (respectively how they behave and what they can do)

unit-specific grading and Pearson-set assighments

a varied approach to assessment that supports progression to Level 6 and also
allows centres to offer assessment relevant to the local economy, thereby
accommodating and enhancing different learning styles

quality assurance measures - as outlined in Sections 6 and 7 of this Programme
Specification - to ensure that all stakeholders (e.g. professional bodies,
universities, colleges and students) can feel confident in the integrity and value of
the qualifications

A qualification designed to meet the needs and expectations of students aspiring
to work in the Applied Sciences environment.

Qualification frameworks

Pearson BTEC Higher National qualifications are designated higher education
qualifications in the UK. They are aligned to the Framework for Higher Education
Qualifications (FHEQ) in England, Wales and Northern Ireland, and Quality Assurance
Agency (QAA) Subject Benchmark Statements. These qualifications are part of the UK
Regulated Qualifications Framework (RQF).

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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1.8 Collaborative development

Students completing their Pearson BTEC Higher Nationals in Applied Sciences will be
aiming to go on to employment or progress to the second or final year at university.
Therefore, it was essential that we developed these qualifications in close
collaboration with experts from professional bodies and universities, and with the
providers who will be delivering the qualifications.

We are very grateful to the university and further education tutors, employers,
professional body representatives and other individuals who have generously shared
their time and expertise to help us develop these new qualifications:

Belfast Metropolitan College

Brooklands College

Colaiste Dhulaigh College of Further Education
Dudley College

Efixis Consulting Ltd (higher education consultants)
Gower College Swansea

GxPpro Ltd (training and consultancy providers for the pharmaceutical industry)
Institute of Materials, Minerals and Mining (IOM3)
Kirklees College

Leeds City College

London Metropolitan University

National Physical Laboratory (NPL)

Open University

Royal Society of Biology (RSB)

Royal Society of Chemistry (RSC)

Southern Regional College

University College London

University of Reading

Westminster University

Wirral Metropolitan College.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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1.9 Professional body and apprenticeship alignment

The Pearson BTEC Level 5 Higher National Diploma in Applied Science has been
developed to meet the mandatory qualification requirements of the Level 5
Technician Scientist Higher Apprenticeship Standard, which is recognised by the
Science Council at registered Scientist (RSci) level. Students undertaking this
qualification in a higher apprenticeship programme can progress to direct
employment following successful completion.

Mapping to the Apprenticeship Standards can be found in Appendix 6 of this
specification.

6 Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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2 Programming purpose and objectives

2.1 Purpose of the BTEC Higher Nationals in Applied Sciences

The purpose of Pearson BTEC Higher Nationals in Applied Sciences is to develop
students as professional, self-reflecting individuals able to meet the demands of
employers in the Applied Sciences sector and adapt to a constantly changing world.
The qualifications aim to widen access to higher education and enhance the career
prospects of those who undertake them.

2.2 Objectives of the BTEC Higher Nationals in Applied Sciences

The objectives of the Pearson BTEC Higher Nationals in Applied Sciences are as
follows:

e to equip students with the Applied Sciences skills, knowledge and the
understanding necessary to achieve high performance in the global Applied
Sciences environment

e to provide education and training for a range of careers in Applied Sciences,
including Laboratory Technician, Research Technician, Technical Support Chemist /
Biologist, Quality Support Technician, Manufacturing Technician, Science
Technician, Technologist, Instrumentation Technician and Product Development
Technician

e to provide insight and understanding into the diversity of roles within the Applied
Sciences sector, recognising the importance of collaboration at all levels

e to equip students with knowledge and understanding of culturally diverse
organisations, cross-cultural issues, diversity and values

e to provide opportunities for students to enter or progress in employment in the
Applied Sciences, or progress to higher education qualifications such as an
Honours degree in Biology, Chemistry, Environmental Sciences, Polymers or a
related area

e to provide opportunities for students to develop the skills, techniques and
personal attributes essential for successful working lives

e to support students to understand the local, regional and global context of the
Applied Sciences sector and, for those students with a global outlook, to aspire to
international career pathways

e to provide students with opportunities to address contemporary Applied Science
issues facing the sector, and society at large, with particular emphasis on
environmental sustainability, food and nutrition and polymer recyclability

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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to provide opportunities for students to achieve a nationally-recognised
professional qualification within their chosen area of specialisation

to offer students the chance of career progression in their chosen field, with
particular emphasis on achieving management-level positions, professional
recognition and beyond

to allow flexibility of study and to meet local or specialist needs

to offer a balance between employability skills and the knowledge essential for
students with entrepreneurial, employment or academic aspirations

to provide students with opportunities to engage in an industry-recognised higher
apprenticeship scheme that aligns with their employer’s needs and their own
career aspirations

to provide students with the context in which to consider professional ethics and
their relation to personal, professional and statutory responsibilities within the
industry.

We aim to meet these objectives by:

providing a thorough grounding in Applied Sciences principles and a degree of
specialism at Level 4 that leads the student to a range of specialist progression
pathways at Level 5 relating to individual professions within the Applied Sciences
sector

equipping individuals with sector-relevant acumen, understanding and Applied
Sciences skills for success in a range of supervisory or lower management roles in
Applied Sciences

enabling progression to a university degree by supporting the development of
appropriate academic study skills.

Who is this qualification for?

The Pearson BTEC Higher National qualifications in Applied Sciences are aimed at
students wanting to continue their education through applied learning. Higher
Nationals provide a wide-ranging study of the Applied Sciences sector and are
designed for students who wish to pursue or advance their career in Applied Sciences
or related fields. In addition to the knowledge, understanding and skills that underpin
the study of the Applied Sciences sector, Pearson BTEC Higher Nationals in Applied
Sciences give students experience of the breadth and depth of the sector that will
prepare them for further study or training in Applied Sciences related fields.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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2.3 Aims of the Pearson BTEC Level 4 Higher National Certificate in
Applied Sciences

The Pearson BTEC Level 4 Higher National Certificate in Applied Sciences offers
students a broad introduction to the subject area via a mandatory core of learning,
while allowing for the acquisition of skills and experience through specialist pathways
and the selection of optional units across a range of occupationally-relevant subjects
at Level 4. This effectively builds underpinning core and specialist skills while
preparing the student for further subject specialisation at Level 5. Students will gain a
wide range of sector knowledge tied to practical skills gained in evidence-based
practice, personal research, self-study, directed study and workplace learning and
experience.

At Level 4, students develop a broad knowledge and awareness of key aspects of the
Applied Sciences sector through three core units, which includes one unit assessed by
a Pearson-set assignment. The units are:

e Fundamentals of Laboratory Techniques
e Scientific Data Handling Approaches and Techniques
e Regulation and Quality in the Applied Sciences.

Depending on the ‘specialist pathway’, at Level 4, students will undertake a further
three specialist units related to their Level 4 Pathway and also another two optional
specialist units from:

e Cell Biology

e Fundamentals of Chemistry

e Anatomy and Human Physiology

e Inorganic Chemistry

e Organic Chemistry

e Physical Chemistry

e Principles of Ecology and their Applications

e Physiological Adaptation of Plants to Environmental Changes
e Managing Environmental Resources

e Human Health and Nutrition

e Food Technology

e Introduction to Polymer Materials and Properties
e Polymer Manufacturing Techniques

e Fundamentals of Biochemistry

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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e Microbiological Techniques

e Managing Food Preparation and Production Systems

e Introduction to Material Properties and Applications

e Criminal Investigation

e Theories and Causes of Crime

e Psychology in Forensic Science

e Sampling and Sample Preparation

e Volume Crime Scene Science

e Undertake Forensic Examinations at Scenes of Incidents.

The centre can also choose one further optional unit (pathway-independent) at
Level 4 (in cases where the total number of core and specialist units chosen is 7),
from the following:

e Personal and Professional Development
e Managing Scientific Projects.

Graduates successfully completing the Pearson BTEC Level 4 Higher National
Certificate in Applied Sciences will be able to demonstrate a sound knowledge of the
basic concepts, values and principles of Applied Sciences, and the skills to perform
effectively as a support worker in a number of different settings in the Applied
Sciences sector. They will be able to communicate accurately and appropriately, and
they will have the behaviours and qualities needed for employment that requires
some degree of personal responsibility. They will have developed a range of
transferable skills to ensure effective team working, independent initiatives,
organisational competence and problem-solving strategies. They will be adaptable
and flexible in their approach to Applied Sciences, show resilience under pressure,
and meet challenging targets within a given resource.

2.4 Aims of the Pearson BTEC Level 5 Higher National Diploma in
Applied Sciences

The Pearson BTEC Level 5 Higher National Diploma in Applied Sciences offers
students eight specialist pathways designed to support progression into relevant
occupational areas or on to degree-level study.

All pathways in the Higher National Diploma are referenced against professional body
standards, and meet the mandatory qualification requirements of the Level 5
Technician Scientist Higher Apprenticeship standard, providing apprenticeship status
and progression to direct employment.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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The Pearson BTEC Level 5 Higher National Diploma offers the following specialist
pathways for students who wish to concentrate on a particular aspect of Applied
Sciences:

e Biology

e Biotechnology

e Forensic Science

e Chemistry

e Water and Wastewater

e Environmental Sustainability

e Food Science, Technology and Nutrition

e Polymer Science and Technology

e Forensic Strategies for Serious and Complex Investigations
e Manage Forensic Investigations at Scenes.

Holders of the Pearson BTEC Level 5 Higher National Diploma in Applied Sciences will
have developed a sound understanding of the principles in their field of study and will
have learned to apply those principles more widely. They will have learned to evaluate
the appropriateness of different approaches to solving problems. They will be able to
perform effectively in their chosen field and will have the qualities necessary for
employment in situations requiring the exercise of personal responsibility and
decision-making.

2.5 What could these qualifications lead to?

The Pearson BTEC Level 4 Higher National Certificate in Applied Sciences provides a
solid grounding in Applied Sciences, which students can build on should they decide
to continue their studies beyond the Certificate stage. The Pearson BTEC Level 5
Higher National Diploma in Applied Sciences allows students to further specialise by
committing to specific career paths and progression routes to degree-level study.

On successful completion of the Pearson BTEC Level 5 Higher National Diploma in
Applied Sciences, students can develop their careers in the engineering sector
through:

e entering employment

e continuing existing employment

e linking with the appropriate professional body

e linking with the appropriate vendor accredited certificates (if appropriate)
e committing to Continuing Professional Development (CPD)

e progressing to university.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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2.5.1 Progression to university

The Pearson BTEC Level 5 Higher National Diploma in Applied Sciences is recognised
by higher education providers as meeting admission requirements for many relevant
engineering degree programmes in subject specialisms such as:

e BSc (Hons) Life Sciences

BSc (Hons) Biology / Biological Sciences / Human Biology
e BSc (Hons) Biochemistry / Biotechnology

e BSc (Hons) Ecology and Environmental Biology

e BSc (Hons) Microbiology / Molecular Biology

e BSc (Hons) Wildlife Ecology and Conservation Science / Conservation Biology
e BSc (Hons) Chemistry / Biochemistry

e BSc (Hons) Environmental Science / Chemistry

e BSc (Hons) Medicinal Chemistry

e BSc (Hons) Pharmacology / Pharmaceutical Science

e BSc (Hons) Food Science / Technology / Studies

e BSc (Hons) Forensic Science / Chemistry / Biology

e BSc (Hons) Nutrition and Dietetics

e BSc (Hons) Hydrology / Water Science

e BSc (Hons) Environmental Science / Health.

University recognition and articulations

We work with a range of higher education institutions around the world that
recognise and accept BTEC Higher Nationals as a qualification for entry onto an
undergraduate degree. Many universities allow advanced entry onto the second or
third year of a degree, and agreements can include credit transfer, articulation and
case-by-case admission. Students should be aware that university admission criteria
are always subject to change and remain at the discretion of the institution. Students
should take time to understand the course entry requirements for subject, year and
grade before applying.

For more information on entry requirements, including 2+1 articulations, please visit:
https://www.highernationals.com/degree-finder.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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2.5.2 Employment

After completing a Pearson BTEC Level 4 Higher National Certificate or Level 5 Higher
National Diploma, students can also progress directly into employment. The skills
offered as part of the Pearson BTEC Level 5 Higher National Diploma can provide
graduates with the opportunity to work in many different areas of the Applied
Sciences sector. Below are some examples of job roles each qualification could

lead to.

Pathway Job Roles

Biology Technician Scientist
Technician Scientist
Laboratory Technician
Research Technician
Quality Support Technician
Technologist

Development Technician
Manufacturing Technician

Science Technician

Biotechnology Technician Scientist
Laboratory Technician
Research Technician
Quality Support Technician
Technologist
Development Technician
Manufacturing Technician

Science Technician

Forensic Science Technician Scientist
Laboratory Technician
Research Technician
Quality Support Technician
Technologist

Development Technician
Manufacturing Technician

Science Technician

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
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Pathway

Job Roles

Chemistry

Technician Scientist
Laboratory Technician
Research Technician
Quality Support Technician
Technologist

Development Technician
Manufacturing Technician

Science Technician

Water and Wastewater

Technician Scientist
Laboratory Technician
Research Technician
Quality Support Technician
Technologist

Development Technician
Manufacturing Technician

Science Technician

Environmental
Sustainability

Technician Scientist
Laboratory Technician
Research Technician
Quality Support Technician
Technologist
Development Technician
Manufacturing Technician

Science Technician

Food Science, Technology
and Nutrition

Technician Scientist
Laboratory Technician
Research Technician
Quality Support Technician
Technologist

Development Technician
Manufacturing Technician

Science Technician
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Pathway Job Roles

Polymer Science and Technician Scientist
Technology Laboratory Technician
Research Technician
Quality Support Technician
Technologist

Development Technician
Manufacturing Technician

Science Technician

2.6 Use of maths and English within the curriculum

Those working within the Applied Sciences sector cannot just rely on their technical
skills and must ensure they develop all relevant employability skills to increase
employment opportunities. For example, they will be required to communicate
appropriately with stakeholders throughout their career, so the ability to use maths
and English in a professional context is an essential employability skill that must be
developed at all levels of study.

Development of essential maths and English skills is embedded throughout these
qualifications in accordance with industry requirements; below are some examples of
how these skills are developed in the Pearson BTEC Higher National curriculum:

written reports
o formal presentations

e informal conversations with a range of audiences including customers, other
professionals and people accessing services in applied sciences

e use of professional, sector-specific language

e use of maths in developing the skills to manage and control the safe use of
substances.

e use of mathematical methods to accurately record and present data for diagnostic
or treatment purposes in an applied sciences context

e use of analytical and computational methods to solve problems, and assist with
clinical trials, audits and research projects as required.

Many aspects of Applied Sciences require good maths skills and we strongly
recommend all students complete diagnostic maths assessments preferably before
beginning a Higher National course, as well as having an A* to C and/or 9 to 4 grade in
GCSE Maths (or equivalent) prior to starting the course (see 3.2 Entry requirements and
Admissions).
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2.7 How Pearson BTEC Higher Nationals in Applied Sciences
provide both transferable employability skills and academic
study skills

Students need both relevant qualifications and employability skills to enhance their
career prospects and contribute to their personal development. Pearson BTEC Higher
National Applied Sciences qualifications embed throughout the programme the
development of key skills, attributes and strengths required by 215%-century
employers.

Where employability skills are referred to in this specification, this generally refers to
skills in five main categories:

o Cognitive and problem-solving skills: critical thinking, approaching non-routine
problems by applying expert and creative solutions, use of systems and digital
technology, generating and communicating ideas creatively.

o Intrapersonal skills: self-management, adaptability and resilience, self-monitoring
and self-development, self-analysis and reflection, planning and prioritising.

o Interpersonal skills: effective communication and articulation of information,
working collaboratively, negotiating and influencing, self-presentation.

o Commercial skills: sector awareness, budget management/monitoring.

e Business skills: awareness of types of companies, company formation, calculating
fees, business management.

Pearson Example Assessment Briefs make recommendations for a range of real or
simulated assessment activities, for example group work where appropriate, to
encourage the development of collaborative and interpersonal skills or a solution-
focused case study to provide the opportunity to develop cognitive skills. There are
specific requirements for the assessment of these skills, as relevant, within the
assessment grids for each unit. Example Assessment Briefs are for guidance and
support only and must be customised and amended according to localised needs and
requirements. All assignments must still be verified as per the internal verification
process.
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Students can also benefit from opportunities for deeper learning, where they are able
to make connections between units and select areas of interest for detailed study. In

this way Pearson BTEC Higher Nationals provide a career-related context in which
students can develop the knowledge and academic study skills required for
progression to university degree courses, including:

e active personal research skills

o effective writing skills

e analytical skills

e critical thinking and reflective practice
e evidence-based practice

e creative problem-solving

e decision-making

e team building

e exam preparation skills

o digital literacy

e competence and capability in practice-based skills in the workplace

e competence in assessment methods used in higher education.

To support you in developing these skills in your students, we have developed a map

of higher education relevant transferable and academic study skills, available in
Appendix 5.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022

17



3 Planning your programme

3.1 Delivering the Higher Nationals in Applied Sciences

You play a central role in helping your students to choose the right Pearson
BTEC Higher National qualification.

You should assess your students very carefully to ensure that they take the right
qualification and the right pathways or optional units, to allow them to progress to the
next stage. You should check the qualification structures and unit combinations
carefully when advising students.

You will need to ensure that your students have access to a full range of information,
advice and guidance in order to support them in making the necessary qualification
and unit choices. When students are recruited, you need to give them accurate
information on the title and focus of the qualification for which they are studying.

3.2 Entry requirements and admissions

Although Pearson do not specify formal entry requirements, as a centre it is your
responsibility to ensure that the students you recruit have a reasonable expectation
of success on the programme.

For students who have recently been in education, the entry profile is likely to include
one of the following:

e a BTEC Level 3 qualification in Applied Sciences (or a related subject)

e a GCE Advanced Level profile that demonstrates strong performance in a relevant
subject or adequate performance in more than one GCE subject; this profile is
likely to be supported by GCSE grades A* to C and/or 9 to 4 (or equivalent) in
subjects such as maths and English

e other related Level 3 qualifications

e an Access to Higher Education Diploma awarded by an approved further education
institution

e related work experience
e aninternational equivalent of the above.

Centres may wish to consider applicants’ prior learning when assessing their
acceptance on a Pearson BTEC Higher National, through Recognition of Prior
Learning. (For further information please refer to Section 8 of this document.)
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3.2.1 English language requirements for Higher Nationals

Pearson's mission is to help people make more of their lives through learning. In
order for students to be successful on Pearson BTEC Higher National qualifications
which are both taught and assessed in English, it is critical that they have an
appropriate level of English language skills.

The following clarifies the requirements for all centres when recruiting applicants on
to new Pearson BTEC Higher National qualifications.

All centres delivering the new Pearson BTEC Higher National qualifications must
ensure that all students who are non-native English speakers and who have not
undertaken their final two years of schooling in English, can demonstrate capability in
English at a standard equivalent to the levels identified below, before being recruited
to the programme where the programme is both taught and assessed in English:

e Common European Framework of Reference (CEFR) level B2
e PTES51

e |ELTS 5.5; Reading and Writing must be at 5.5

e Or equivalent.

It is up to the centre to decide what proof will be necessary to evidence individual
student proficiency.

The following clarifies the requirements for all centres when recruiting applicants on
to new Pearson BTEC Higher National qualifications which are taught in a language
other than English, but are assessed in English.

All centres delivering the new Pearson BTEC Higher National qualifications wholly or
partially in a language other than English, but who are assessed in English, must
ensure that all students can demonstrate capability in English at a standard
equivalent to the levels identified below, on completion of the programme:

e Common European Framework of Reference (CEFR) level B2
e PTES51

e |ELTS 5.5; Reading and Writing must be at 5.5

e Or equivalent.

It is up to the centre to decide what proof will be necessary to evidence individual
student proficiency.

3.2.2 Centre approval

To ensure that centres are ready to assess students and that we can provide the
support that is needed, all centres must be approved before they can offer these
qualifications. For more information about becoming a centre and seeking approval to
run our qualifications, please visit the support section on our website
(http://qualifications.pearson.com).
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3.2.3 Level of sector knowledge required

We do not set any requirements for tutors, but we do recommend that centres assess
the overall skills and knowledge of the teaching team, which should be relevant, up to
date and at the appropriate level.

3.2.4 Resources required

As part of your centre approval, you will need to show that the necessary material
resources and work spaces are available to deliver BTEC Higher Nationals. For some
units, specific resources are required, this is clearly indicated in the unit descriptors.

3.2.5 HN Global support

HN Global is an online resource that supports centre planning and delivery of BTEC
Higher Nationals by providing appropriate teaching and learning resources. For
further information see Sections 5 and 6 of this Programme Specification.

3.2.6 Modes of delivery

Subject to approval by Pearson, centres are free to deliver BTEC Higher Nationals
using modes of delivery that meet the needs of their students. We recommend
making use of a wide variety of modes, including:

o full-time
e part-time

« Dblended learning.

3.2.7 Recommendations for employer engagement

BTEC Higher Nationals are vocational qualifications and as an approved centre you
are encouraged to work with employers on the design, delivery and assessment of the
course. This will ensure that students enjoy a programme of study that is engaging
and relevant, and which equips them for progression. There are suggestions in

Section 5.2 about how employers could become involved in delivery and/or
assessment, but these are not intended to be exhaustive and there will be other
possibilities at a local level.

3.2.8 Support from Pearson

We provide a range of support materials, including Schemes of Work and Example
Assessment Briefs, with supporting templates. You will be allocated an External
Examiner early in the planning stage, to support you with planning your assessments,
and there will be training events and support from our Subject Leads.
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3.2.9 Student employability

All Pearson BTEC Higher Nationals have been designed and developed with
consideration of National Occupational Standards, where relevant, and have been
aligned to professional body and higher apprenticeship standard (see Section 1.9).

Employability skills such as team working and entrepreneurialism as well as practical
hands-on skills have been built into the design of the learning aims and content. This
gives you the opportunity to use relevant contexts, scenarios and materials to enable
students to develop a portfolio of evidence demonstrating the breadth of their skills
and knowledge in a way that equips them for employment.
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3.3 Access to study

This section focuses on the administrative requirements for delivering a Pearson BTEC
Higher National qualification. It will be of value to Quality Nominees, Programme
Leaders and Examinations Officers.

Our policy regarding access to our qualifications is that:

« theyshould be available to everyone who is capable of reaching the required
standards

. theyshould be free from any barriers that restrict access and progression.

There should be equal opportunities for all those wishing to access the qualifications.
We refer centres to our Pearson Equality and Diversity Policy. Centres are also required
to recruit students to Higher National programmes with integrity. We refer centres to
our Pearson Recruiting with Integrity guide. Both policies can be found in the support
section of our website (http://qualifications.pearson.com).

Centres will need to make sure that applicants have relevant information and advice
about the qualification, to make sure it meets their needs. Centres should review the
applicant’s prior qualifications and/or experience to consider whether this profile
shows that they have the potential to achieve the qualification. For students with
disabilities and specific needs, this review will need to take account of the support
available to the student during the teaching and assessment of the qualification. For
further guidance and advice please refer to Section 9 on reasonable adjustments.

3.4 Student registration and entry

All students must be registered for the qualification, and appropriate arrangements
made for internal and external verification. For information on making registrations
for the qualification, you will need to refer to the information manual available in the
support section of our website (http://qualifications.pearson.com).

Students can be formally assessed only for a qualification on which they are
registered. If students’ intended qualifications change (for example, if a student
decides to choose a different specialist pathway), then the centre must transfer the
student to the chosen pathway appropriately. Please note that student work cannot
be sampled if the student is not registered or is registered on an incorrect pathway.
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3.5 Access to assessments

Assessments need to be administered carefully, to ensure that all students are treated
fairly, and that results and certification are issued on time, allowing students to move
on to chosen progression opportunities.

Our equality policy requires that all students should have equal opportunity to access
our qualifications and assessments, and that our qualifications are awarded in a way
that is fair to every student. We are committed to making sure that:

e students with a protected characteristic (as defined in legislation) are not, when
they are undertaking one of our qualifications, disadvantaged in comparison to
students who do not share that characteristic

e students achieve the recognition they deserve for undertaking a qualification and
that this achievement can be compared fairly to the achievement of their peers.

Further information on access arrangements can be found on the Joint Council for
Qualifications website (www.jcqg.org.uk).

3.6 Administrative arrangements for internal assessment

3.6.1 Records

You are required to retain records of assessment for each student. Records should
include assessments taken, decisions reached and any adjustments or appeals.
Further information on quality assurance and assessment can be found in our UK and
international guides available in the support section on our website
(http://qualifications.pearson.com).

We may ask to audit your records, so they must be retained as specified. All student
work must be retained for a minimum of 12 weeks after certification has taken place.

3.6.2 Reasonable adjustments to assessment

A reasonable adjustment is one that is made before a student takes an assessment, to
ensure that he or she has fair access to demonstrate the requirements of the
assessments.
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You are able to make adjustments to internal assessments to take account of the
needs of individual students. In most cases this can be achieved through a defined
time extension or by adjusting the format of evidence. We can advise you if you are
uncertain as to whether an adjustment is fair and reasonable. You need to plan for
time to make adjustments, if necessary.

Further details on how to make adjustments for students with protected
characteristics are available on the support section of our website
(http://qualifications.pearson.com).

3.6.3 Special consideration

Special consideration is given after an assessment has taken place for students who
have been affected by adverse circumstances, such as illness, and require an
adjustment of grade to reflect normal level of attainment. You must operate special
consideration in line with Pearson policy (see previous paragraph). You can provide
special consideration related to the period of time given for evidence to be provided,
or for the format of the assessment (if it is equally valid). You may not substitute
alternative forms of evidence to that required in a unit, or omit the application of any
assessment criteria to judge attainment. Pearson can consider applications for special
consideration in line with the policy, which can be found in the document linked
above.

Please note that your centre must have a policy for dealing with mitigating
circumstances, such as if students are affected by adverse situations, such as illness,
which result in non-submission or late submission of assessment.

3.6.4 Appeals against assessment

Your centre must have a policy for dealing with appeals from students. These appeals
may relate to assessment decisions being incorrect or assessment not being
conducted fairly. The first step in such a policy could be a consideration of the
evidence by a Programme Leader or other member of the programme team. The
assessment plan should allow time for potential appeals after assessment decisions
have been given to students. If there is an appeal by a student, you must document
the appeal and its resolution. Students have a final right of appeal to Pearson, but
only if the procedures that you have put in place have been followed.

Further details of our policy on enquiries and appeals is available on the support
section of our website (http://qualifications.pearson.com).

If your centre is located in England or Wales and the student is still dissatisfied with
the final outcome of their appeal he or she can make a further appeal to the Office of
the Independent Adjudicator (OIA) by emailing: enquiries@oiahe.org.uk. In Northern
Ireland a further appeal may be lodged with the Northern Ireland Public Service
Ombudsman (NIPSO) by emailing: nipso@nipso.org.uk
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3.7 Dealing with malpractice in assessment

'Malpractice' means acts that undermine the integrity and validity of assessment, the
certification of qualifications and/or may damage the authority of those responsible
for delivering the assessment and certification.

Pearson does not tolerate actual or attempted actions of malpractice by learners,
centre staff or centres in connection with Pearson qualifications. Pearson may impose
penalties and/or sanctions on learners, centre staff or centres where malpractice or
attempted malpractice has been proven.

Malpractice may occur or be suspected in relation to any unit or type of assessment
within a qualification. For further details on malpractice and advice on preventing
malpractice by learners, please see Pearson’s Centre Guidance: Dealing with
Malpractice, available on our website.

The procedures we ask you to adopt vary between units that are internally assessed
and those that are externally assessed.

Centres are required to take steps to prevent malpractice and to investigate instances
of suspected malpractice. Learners must be given information that explains what
malpractice is for internal assessment and how suspected incidents will be dealt with
by the centre. The Centre Guidance: Dealing with Malpractice document gives full
information on the actions we expect you to take.

Pearson may conduct investigations if we believe a centre is failing to conduct internal
assessment according to our policies. The above document gives further information
and examples, and details the penalties and sanctions that may be imposed.

In the interests of learners and centre staff, centres need to respond effectively and
openly to all requests relating to an investigation into an incident of suspected
malpractice.

3.7.1 Internally assessed units

Centres are required to take steps to prevent malpractice and to investigate instances
of suspected malpractice. Students must be given information that explains what
malpractice is for internal assessment and how suspected incidents will be dealt with
by the centre. Full information on dealing with malpractice and the actions we expect
you to take is available on the support section of our website
(http://qualifications.pearson.com).

Pearson may conduct investigations if it is believed that a centre is failing to conduct
internal assessment according to Pearson policies. The above document gives further
information, provides examples, and details the penalties and sanctions that may be
imposed.
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3.7.2 Student malpractice

The head of centre is required to report incidents of suspected learner malpractice
that occur during Pearson qualifications. We ask centres to complete JCQ Form M1
(www.jcqg.org.uk/malpractice) and email it with any accompanying documents (signed
statements from the learner, invigilator, copies of evidence, etc) to the Investigations
Processing team at candidatemalpractice@pearson.com. The responsibility for
determining appropriate sanctions or penalties to be imposed on learners lies with
Pearson.

Learners must be informed at the earliest opportunity of the specific allegation and
the centre’'s malpractice policy, including the right of appeal. Learners found guilty of
malpractice may be disqualified from the qualification for which they have been
entered with Pearson.

Failure to report malpractice constitutes staff or centre malpractice.

3.7.3 Staff and centre malpractice

The head of centre is required to inform Pearson'’s Investigations team of any incident
of suspected malpractice (which includes maladministration) by centre staff, before
any investigation is undertaken. The head of centre is requested to inform the
Investigations team by submitting a JCQ M2 Form (downloadable from
www.jcqg.org.uk/malpractice) with supporting documentation to
pgsmalpractice@pearson.com. Where Pearson receives allegations of malpractice
from other sources (for example Pearson staff, anonymous informants), the
Investigations team will conduct the investigation directly or may ask the head of
centre to assist.

Pearson reserves the right in cases of suspected malpractice to withhold the issuing of
results/certificates while an investigation is in progress. Depending on the outcome of
the investigation, results and/or certificates may not be released or they may be
withheld.

We reserve the right to withhold certification when undertaking investigations, audits
and quality assurance processes. You will be notified within a reasonable period of
time if this occurs.
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3.7.4 Sanctions and appeals
Where malpractice is proven, we may impose sanctions or penalties, such as:

e mark reduction for affected external assessments
o disqualification from the qualification
o debarment from registration for Pearson qualifications for a period of time.

If we are concerned about your centre’s quality procedures we may impose sanctions
such as:

e working with centres to create an improvement action plan

e requiring staff members to receive further training

e placing temporary suspensions on certification of learners

e placing temporary suspensions on registration of learners

e debarring staff members or the centre from delivering Pearson qualifications
e suspending or withdrawing centre approval status.

The centre will be notified if any of these apply.

Pearson has established procedures for centres that are considering appeals against
penalties and sanctions arising from malpractice. Appeals against a decision made by
Pearson will normally be accepted only from the head of centre (on behalf of learners
and/or members or staff) and from individual members (in respect of a decision taken
against them personally). Further information on appeals can be found in the JCQ
Appeals booklet (https://www.jcqg.org.uk/exams-office/appeals).
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4 Programme structure

4.1 Units, Credits, Total Qualification Time (TQT) and Guided
Learning (GL)

The Higher National Certificate (HNC) is a Level 4 qualification made up of 120 credits.
It is usually studied full-time over one year, or part-time over two years.

The Higher National Diploma (HND) is a Level 4 and Level 5 qualification made up of
240 credits. It is usually studied full-time over two years, or part-time over four years.

Pearson would expect that an HND student would have achieved at least 90 credits at
Level 4 before progressing to Level 5 units. This allows for the students to submit the
remaining 30 credits at Level 4 while undertaking their Level 5 study.

Students undertaking an HND who fail to successfully complete the full qualification
may be awarded an HNC, if their credit achievement permits.

Pearson BTEC Higher Nationals consist of core units, specialist units and optional
units.

o Core units are mandatory.

e Specialist units are designed to provide a specific occupational focus to the
qualification and are aligned to professional body and/or higher apprenticeship
standards.

e Required combinations of units are clearly set out in the tables below.

Units are usually 15 credits in value, or a multiple thereof. These units have been
designed from a learning time perspective, and are expressed in terms of Total
Qualification Time (TQT). TQT is an estimate of the total amount of time that could
reasonably be expected to be required for a student to achieve and demonstrate the
achievement of the level of attainment necessary for the award of a qualification. TQT
includes undertaking each of the activities of Guided Learning, Directed Learning and
Invigilated Assessment. Each 15-credit unit approximates to a Total Unit Time of 150
hours with 60 hours of Guided Learning.

Total Qualification Time (TQT) for Higher National Certificate (HNC) = 1,200 hours
Total Qualification Time (TQT) for Higher National Diploma (HND) = 2,400 hours
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Examples of activities which can contribute to TQT include:

e guided Learning

e independent and unsupervised research/learning

e unsupervised compilation of a portfolio of work experience
e unsupervised e-learning

e unsupervised e-assessment

e unsupervised coursework

e watching a pre-recorded podcast or webinar

e unsupervised work-based learning.

Guided Learning (GL) is defined as the time when a tutor is present to give specific
guidance towards the learning aim being studied on a programme. This definition
includes lectures, tutorials and supervised study in, for example, open learning
centres and learning workshops. Guided Learning includes any supervised
assessment activity; this includes invigilated examination, observed assessment and
observed work-based practice.

Total Guided Learning (GL) for Higher National Certificate (HNC) = 480 hours
Total Guided Learning (GL) for Higher National Diploma (HND) = 960 hours
Some examples of activities which can contribute to GL include:

e classroom-based learning supervised by a tutor

e work-based learning supervised by a tutor

e live webinar or telephone tutorial with a tutor in real time

e e-learning supervised by a tutor in real time

e all forms of assessment which take place under the immediate guidance or
supervision of a tutor or other appropriate provider of education or training,
including where the assessment is competence-based and may be turned into a
learning opportunity.
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4.2 Programme structures

The programme structures specify:

the total credit value of the qualification

the minimum credit to be achieved at the level of the qualification
the core units

the specialist mandatory units

the specialist optional units

the generic optional units

the maximum credit value in units that can be centre-commissioned.

When combining units for a Pearson BTEC Higher National qualification, it is the
centre’s responsibility to make sure that the correct combinations are followed.

4.2.1 Pearson BTEC Level 4 Higher National Certificate in Applied

30

Sciences
Qualification credit value: a minimum of 120 credits. This is made up of eight units,
each with a value of 15 credits.
Total Qualification Time (TQT) = 1,200 hours
Total Guided Learning (GL) = 480 hours

There is a required mix of core, specialist and optional units totalling 120 credits.
All units are at Level 4.

In some cases, a maximum of 30 credits can be imported from another RQF
Pearson BTEC Higher National qualification and/or from units designed by the
centre and approved by Pearson. Core units may not be substituted and are
mandatory. For more information please refer to Higher National Commissioned
Qualifications.

Please note that some specialist units are available as optional units.
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Pearson BTEC Level 4 Higher National Certificate in
Applied Sciences (Biology)

Core unit
Mandatory

Core unit
Mandatory

Core unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

1 Fundamentals of Laboratory Techniques

2 Scientific Data Handling Approaches and

Techniques

3 Regulation and Quality in the Applied
Sciences (Pearson-set)

4 Cell Biology

5 Fundamentals of Chemistry

6 Anatomy and Human Physiology

Unit credit | Level

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Optional

Specialist unit | 10 Principles of Ecology and their 15 4
Optional Applications

Specialist unit | 12 Managing Environmental Resources 15 4
Optional

Specialist unit | 17 Fundamentals of Biochemistry 15 4
Optional

Specialist unit | 18 Microbiological Techniques 15 4
Optional

Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional

Specialist unit | 64 Work-based Investigation 15 4
Optional

Specialist unit | 71 Medical Microbiology 15 4

Maximum of ONE unit may be selected from the generic optional units list:

Generic unit 25 Personal and Professional Development | 15 4
Optional for Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional
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Pearson BTEC Level 4 Higher National Certificate in Unit credit | Level
Applied Sciences (Forensic Science)

Core unit 1 Fundamentals of Laboratory Techniques

Mandatory

Core unit 2 Scientific Data Handling Approaches and

Mandatory Techniques

Core unit 3 Regulation and Quality in the Applied

Mandatory Sciences (Pearson-set)

Specialist unit 4 Cell Biology

Mandatory

Specialist unit 17 Fundamentals of Biochemistry

Mandatory

Specialist unit 21 Criminal Investigation

Mandatory

Plus TWO units, including a minimum of one specialist unit, from below.
Minimum of ONE unit may be selected from the specialist units list:
Specialist unit | 6 Anatomy and Human Physiology 15 4
Optional

Specialist unit | 18 Microbiological Techniques 15 4
Optional

Specialist unit | 22 Theories and Causes of Crime 15 4
Optional

Specialist unit | 23 Psychology in the Forensic Setting 15 4
Optional

Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional

Specialist unit | 35 Analytical Chemistry 15 4
Optional

Specialist unit | 64 Work-based Investigation 15 4
Optional

Specialist unit | 66 Volume Crime Scene Science 15 4
Optional

Specialist unit | 67 Undertake Forensic Examinations at 15 4
Optional Scenes of Incidents

Maximum of ONE unit may be selected from the generic optional units list:
Generic unit 25 Personal and Professional Development | 15 4
Optional for Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional unit
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Pearson BTEC Level 4 Higher National Certificate in
Applied Sciences (Chemistry)

Core unit
Mandatory

Core unit
Mandatory

Core unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

1 Fundamentals of Laboratory Techniques

2 Scientific Data Handling Approaches and

Techniques

3 Regulation and Quality in the Applied
Sciences (Pearson-set)

7 Inorganic Chemistry

8 Organic Chemistry

9 Physical Chemistry

Unit credit | Level

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Optional

Testing

Specialist unit | 15 Introduction to Polymer Materials and 15 4
Optional Properties

Specialist unit | 17 Fundamentals of Biochemistry 15 4
Optional

Specialist unit | 20 Introduction to Material Properties and | 15 4
Optional Applications

Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional

Specialist unit | 35 Analytical Chemistry 15 4
Optional

Specialist unit | 64 Work-based Investigation 15 4
Optional

Specialist unit | 73 Environmental Pollutants and Water 15 4

Maximum of ONE unit may be selected from the generic optional units list:

Generic unit 25 Personal and Professional Development | 15 4
Optional for Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional
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Pearson BTEC Level 4 Higher National Certificate in Unit credit | Level
Applied Sciences (Environmental Science)

Core unit 1 Fundamentals of Laboratory Techniques
Mandatory

Core unit 2 Scientific Data Handling Approaches and
Mandatory Techniques

Core unit 3 Regulation and Quality in the Applied
Mandatory Sciences (Pearson-set)

Specialist unit 5 Fundamentals of Chemistry
Mandatory

Specialist unit 10 Principles of Ecology and their
Mandatory Applications

Specialist unit 11 Physiological Adaptation of Plants to
Mandatory Environmental Changes

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 12 Managing Environmental Resources 15 4
Optional

Specialist unit | 18 Microbiological Techniques 15 4
Optional

Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional

Specialist unit | 35 Analytical Chemistry 15 4
Optional

Specialist unit | 64 Work-based Investigation 15 4
Optional

Maximum of ONE unit may be selected from the generic optional units list:
Generic unit 25 Personal and Professional Development | 15 4
Optional for Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional
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Pearson BTEC Level 4 Higher National Certificate in Unit credit | Level
Applied Sciences (Food Science, Technology and Nutrition)

Core unit 1 Fundamentals of Laboratory Techniques

Mandatory

Core unit 2 Scientific Data Handling Approaches and

Mandatory Techniques

Core unit 3 Regulation and Quality in the Applied

Mandatory Sciences (Pearson-set)

Specialist unit 5 Fundamentals of Chemistry

Mandatory

Specialist unit 13 Human Health and Nutrition

Mandatory

Specialist unit 14 Food Technology

Mandatory

Plus TWO units, including a minimum of one specialist unit, from below.
Minimum of ONE unit may be selected from the specialist units list:
Specialist unit | 6 Anatomy and Human Physiology 15 4
Optional

Specialist unit | 10 Principles of Ecology and their 15 4
Optional Applications

Specialist unit | 12 Managing Environmental Resources 15 4
Optional

Specialist unit | 19 Managing Food Preparation and 15 4
Optional Production Systems

Specialist unit | 18 Microbiological Techniques 15 4
Optional

Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional

Specialist unit | 64 Work-based Investigation 15 4
Optional

Maximum of ONE unit may be selected from the generic optional units list:
Generic unit 25 Personal and Professional Development | 15 4
Optional for Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional
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Pearson BTEC Level 4 Higher National Certificate in Unit credit | Level
Applied Sciences (Polymer Science and Technology)

Core unit 1 Fundamentals of Laboratory Techniques
Mandatory

Core unit 2 Scientific Data Handling Approaches and
Mandatory Techniques

Core unit 3 Regulation and Quality in the Applied
Mandatory Sciences (Pearson-set)

Specialist unit 5 Fundamentals of Chemistry
Mandatory

Specialist unit 15 Introduction to Polymer Materials and
Mandatory Properties

Specialist unit 16 Polymer Manufacturing Techniques
Mandatory

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 8 Organic Chemistry 15 4

Optional

Specialist unit | 12 Managing Environmental Resources 15 4

Optional

Specialist unit | 18 Microbiological Techniques 15 4

Optional

Specialist unit | 20 Introduction to Material Properties and | 15 4

Optional Applications

Specialist unit | 24 Sampling and Sample Preparation 15 4

Optional

Specialist unit | 64 Work-based Investigation 15 4

Optional

Maximum of ONE unit may be selected from the generic optional units list:

Generic unit 25 Personal and Professional Development | 15 4

Optional for Scientists

Generic unit 26 Managing Scientific Projects 15 4

Optional
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4.2.2 Pearson BTEC Level 5 Higher National Diploma in Applied Sciences

Qualification credit value: a minimum of 240 credits. This is made up of fifteen
units, fourteen with a value of 15 credits, and one with a value of 30 credits.

Total Qualification Time (TQT) Higher National Diploma (HND) = 2,400 hours
Total Guided Learning (GL) Higher National Diploma (HND) = 960 hours

There is a required mix of Core, Specialist and Optional units totalling 240 credits.
Units are at Level 4 and Level 5.

In some cases, a maximum of 60 credits can be imported from another RQF
Pearson BTEC Higher National qualification and/or from units designed by the
centre and approved by Pearson. Core units may not be substituted and are
mandatory. For more information please refer to Higher National Commissioned
Qualifications.

Please note that some Specialist units are available as Optional units.

The requirements of the HNC have to be met.

The Pearson BTEC Level 5 Higher National Diploma in Applied Sciences consists of the
Pearson BTEC Level 4 Higher National Certificate in Applied Sciences (from a defined
specialist pathway) plus an additional 120 credits at Level 5 delivered via one of eight
corresponding specialist pathways. At Level 5, these pathways are:

Biology

Biotechnology

Forensic Science

Chemistry

Water and Wastewater

Environmental Sustainability

Food Science, Technology and Nutrition

Polymer Science and Technology

Students will typically progress within the pathways, as shown in Figure 1 (below).
Where a centre may allow students to change pathways, from Level 4 to Level 5, they
must undertake a suitable mapping of accredited prior experience or learning (APEL)
in support of any potential review by an External Examiner.
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Pearson BTEC Higher Nationals in Applied Sciences

Forensic Food Science, Polymer
Level 4 Biology ) Chemistry Environmental Sciences Technology Science and
Science and Nutrition Technology
Forensic Water and Environmental AT Polymer
Level 5 Biology Biotechnology . Chemistry inabili Technology Science and
Science Waste Water Sustainability and Nutrition Technology
Figure 1: Typical Pathway Progression in Applied Sciences
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Pearson BTEC Level 5 Higher National Diploma in Applied Sciences | Unit Level
(Biology) credit

Level 4 units:

Core unit 1 Fundamentals of Laboratory Techniques
Mandatory

Core unit 2 Scientific Data Handling Approaches and
Mandatory Techniques

Core unit 3 Regulation and Quality in the Applied Sciences
Mandatory (Pearson-set)

Specialist unit 4 Cell Biology
Mandatory

Specialist unit 5 Fundamentals of Chemistry
Mandatory

Specialist unit 6 Anatomy and Human Physiology
Mandatory

Plus TWO units, including a minimum of one specialist unit, from below.
Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 10 Principles of Ecology and their Applications 15 4
Optional

Specialist unit | 12 Managing Environmental Resources 15 4
Optional

Specialist unit | 17 Fundamentals of Biochemistry 15 4
Optional

Specialist unit | 18 Microbiological Techniques 15 4
Optional

Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional

Specialist unit | 64 Work-based Investigation 15 4
Optional

Specialist unit | 71 Medical Microbiology 15 4
Optional

Maximum of ONE unit may be selected from the generic optional units list:
Generic unit 25 Personal and Professional Development for 15 4
Optional Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022 39



Level 5 units:

Core unit
Mandatory

Core unit
Mandatory

Specialist unit

Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

27 Analysis of Scientific Data and Information

28 Applied Sciences Research Project
(Pearson-set)

29 Biochemistry of Macromolecules and
Metabolic Pathways

30 Molecular Biology and Genetics

31 Immunology

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Optional

Specialist unit | 39 Environmental Monitoring and Analysis 15
Optional

Specialist unit | 41 Conservation and Biodiversity 15
Optional

Specialist unit | 42 Materials Life Cycle and the Circular Economy | 15
Optional

Specialist unit | 51 Specialist Scientific Techniques and 15
Optional Experimentation

Specialist unit | 55 Nanomaterials and their Technology 15
Optional

Specialist unit | 56 Stem Cell Biology 15
Optional

Specialist unit | 57 Infectious Diseases and Diagnosis 15
Optional

Specialist unit | 58 Epidemiology of Communicable Diseases 15
Optional

Specialist unit | 59 Genetic Analysis 15
Optional

Specialist unit | 70 Histology and Haematology 15
Optional

Specialist unit | 72 Clinical Chemistry 15

Maximum of ONE unit may be selected from the generic optional units list:

Generic unit 61 Science Laboratory Management 15
Optional
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Generic unit 62 Organisations and Change Management 15 5
Optional

Generic unit 63 Entrepreneurship and New Business 15 5
Optional Development

Pearson BTEC Level 5 Higher National Diploma in Applied Sciences | Unit Level
(Biotechnology) credit

Level 4 units:

Core unit 1 Fundamentals of Laboratory Techniques
Mandatory

Core unit 2 Scientific Data Handling Approaches and
Mandatory Techniques

Core unit 3 Regulation and Quality in the Applied Sciences
Mandatory (Pearson-set)

Specialist unit 4 Cell Biology
Mandatory

Specialist unit 5 Fundamentals of Chemistry
Mandatory

Specialist unit 6 Anatomy and Human Physiology
Mandatory

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 10 Principles of Ecology and their Applications 15 4
Optional

Specialist unit | 12 Managing Environmental Resources 15 4
Optional

Specialist unit | 17 Fundamentals of Biochemistry 15 4
Optional

Specialist unit | 18 Microbiological Techniques 15 4
Optional

Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional

Specialist unit | 64 Work-based Investigation 15 4
Optional

Maximum of ONE unit may be selected from the generic optional units list:
Generic unit 25 Personal and Professional Development for 15 4
Optional Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional
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Level 5 units:

Core unit
Mandatory

Core unit
Mandatory

Specialist unit

Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

27 Analysis of Scientific Data and Information

28 Applied Sciences Research Project 30
(Pearson-set)

29 Biochemistry of Macromolecules and Metabolic 15
Pathways

30 Molecular Biology and Genetics 15

32 Biotechnology Techniques

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Optional

Specialist unit | 39 Environmental Monitoring and Analysis 15
Optional
Specialist unit | 41 Conservation and Biodiversity 15

Specialist unit
Optional

42 Materials Life Cycle and the Circular Economy | 15

Specialist unit

51 Specialist Scientific Techniques and 15

Optional

Optional Experimentation

Specialist unit | 52 Drug Development for Production 15
Optional

Specialist unit | 53 Industrial Microbiology 15
Optional

Specialist unit | 55 Nanomaterials and their Technology 15
Optional

Specialist unit | 56 Stem Cell Biology 15
Optional

Specialist unit | 59 Genetic Analysis 15

Maximum of ONE unit may be selected from the generic optional units list:

Generic unit 61 Science Laboratory Management 15

Optional

Generic unit 62 Organisations and Change Management 15

Optional

Generic unit 63 Entrepreneurship and New Business 15

Optional Development
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Pearson BTEC Level 5 Higher National Diploma in Applied Sciences
(Forensic Science)

Unit
credit

Level

Core unit
Mandatory

Core unit
Mandatory

Core unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

Level 4 units:

1 Fundamentals of Laboratory Techniques

2 Scientific Data Handling Approaches and
Techniques

3 Regulation and Quality in the Applied Sciences
(Pearson-set)
4 Cell Biology

17 Fundamentals of Biochemistry

21 Criminal Investigation

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Optional

Incidents

Specialist unit | 6 Anatomy and Human Physiology 15 4
Optional
Specialist unit | 18 Microbiological Techniques 15 4
Optional
Specialist unit | 22 Theories and Causes of Crime 15 4
Optional
Specialist unit | 23 Psychology in the Forensic Setting 15 4
Optional
Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional
Specialist unit | 35 Analytical Chemistry 15 4
Optional
Specialist unit | 64 Work-based Investigation 15 4
Optional
Specialist unit | 66 Volume Crime Scene Science 15 4
Optional
Specialist unit | 67 Undertake Forensic Examinations at Scenes of | 15 4
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Maximum of ONE unit may be selected from the generic optional units list:
Generic unit 25 Personal and Professional Development for 15 4
Optional Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional
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Level 5 units:

Core unit
Mandatory

Core unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

27 Analysis of Scientific Data and Information

28 Applied Sciences Research Project
(Pearson-set)

30 Molecular Biology and Genetics

33 Analytical Techniques for Forensic Science 15

34 Forensic Evidence Collection and Preservation 15

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 32 Biotechnology Techniques 15
Optional
Specialist unit | 65 Further Analytical Chemistry 15
Optional
Specialist unit | 39 Environmental Monitoring and Analysis 15
Optional
Specialist unit | 42 Materials Life Cycle and the Circular Economy | 15
Optional
Specialist unit | 50 Toxicology 15
Optional
Specialist unit | 51 Specialist Scientific Techniques and 15

Optional Experimentation

Specialist unit | 55 Nanomaterials and their Technology 15
Optional

Specialist unit | 59 Genetic Analysis 15
Optional

Specialist unit | 68 Forensic Strategies for Serious and Complex 15

Optional

Investigations

Specialist unit
Optional

69 Manage Forensic Investigations at Scenes 15
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Maximum of ONE unit may be selected from the generic optional units list:
Generic unit 61 Science Laboratory Management 15 5
Optional

Generic unit 62 Organisations and Change Management 15 5
Optional

Generic unit 63 Entrepreneurship and New Business 15 5
Optional Development
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Pearson BTEC Level 5 Higher National Diploma in Applied Sciences | Unit Level
(Chemistry) credit

Level 4 units:

Core unit 1 Fundamentals of Laboratory Techniques
Mandatory

Core unit 2 Scientific Data Handling Approaches and
Mandatory Techniques

Core unit 3 Regulation and Quality in the Applied Sciences
Mandatory (Pearson-set)

Specialist Unit 7 Inorganic Chemistry
Mandatory

Specialist unit 8 Organic Chemistry
Mandatory

Specialist unit 9 Physical Chemistry
Mandatory

Plus TWO units, including a minimum of one specialist unit, from below.
Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 15 Introduction to Polymer Materials and 15 4
Optional Properties

Specialist unit | 17 Fundamentals of Biochemistry 15 4
Optional

Specialist unit | 20 Introduction to Material Properties and 15 4
Optional Applications

Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional

Specialist unit | 35 Analytical Chemistry 15 4
Optional

Specialist unit | 64 Work-based Investigation 15 4
Optional

Specialist unit | 73 Environmental Pollutants and Water Testing 15 4
Optional

Maximum of ONE unit may be selected from the generic optional units list:
Generic unit 25 Personal and Professional Development for 15 4
Optional Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional
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Level 5 units:

Core unit
Mandatory

Core unit
Mandatory

Specialist unit

Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

27 Analysis of Scientific Data and Information
28 Applied Sciences Research Project
(Pearson-set)

65 Further Analytical Chemistry

36 Aromatic and Carbonyl Compounds

37 Solid State and Transition Metal Chemistry

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Optional

Specialist unit | 29 Biochemistry of Macromolecules and Metabolic | 15
Optional Pathways

Specialist unit | 32 Biotechnology Techniques 15
Optional

Specialist unit | 38 Spectroscopy, Surface Chemistry and Equilibria | 15
Optional

Specialist unit | 39 Environmental Monitoring and Analysis 15
Optional

Specialist unit | 42 Materials Life Cycle and the Circular Economy | 15
Optional

Specialist unit | 49 Principles of Pharmacology 15
Optional

Specialist unit | 51 Specialist Scientific Techniques and 15
Optional Experimentation

Specialist unit | 52 Drug Development for Production 15
Optional

Specialist unit | 55 Nanomaterials and their Technology 15

Maximum of ONE unit may be selected from the generic optional units list:

Generic unit 61 Science Laboratory Management 15

Optional

Generic unit 62 Organisations and Change Management 15

Optional

Generic unit 63 Entrepreneurship and New Business 15

Optional Development
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Pearson BTEC Level 5 Higher National Diploma in Applied Sciences | Unit Level
(Water and Wastewater) credit

Level 4 units:

Core unit 1 Fundamentals of Laboratory Techniques
Mandatory

Core unit 2 Scientific Data Handling Approaches and
Mandatory Techniques

Core unit 3 Regulation and Quality in the Applied Sciences
Mandatory (Pearson-set)

Specialist unit 5 Fundamentals of Chemistry
Mandatory

Specialist unit 10 Principles of Ecology and their Applications
Mandatory

Specialist unit 11 Physiological Adaptation of Plants to
Mandatory Environmental Changes

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 12 Managing Environmental Resources 15 4
Optional

Specialist unit | 18 Microbiological Techniques 15 4
Optional

Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional

Specialist unit | 35 Analytical Chemistry 15 4
Optional

Specialist unit | 64 Work-based Investigation 15 4
Optional

Maximum of ONE unit may be selected from the generic optional units list:
Generic unit 25 Personal and Professional Development for 15 4
Optional Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional
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Level 5 units:

Core unit
Mandatory

Core unit
Mandatory

Specialist unit

Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

27 Analysis of Scientific Data and Information
28 Applied Sciences Research Project
(Pearson-set)

32 Biotechnology Techniques

39 Environmental Monitoring and Analysis

40 Water and Wastewater Management

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 65 Further Analytical Chemistry 15
Optional

Specialist unit | 42 Materials Life Cycle and the Circular Economy | 15
Optional

Specialist unit | 50 Toxicology 15
Optional

Specialist unit | 51 Specialist Scientific Techniques and 15
Optional Experimentation

Specialist unit | 53 Industrial Microbiology 15
Optional

Specialist unit | 54 Materials' in Contact with Food 15
Optional

Specialist unit | 55 Nanomaterials and their Technology 15

Optional

Maximum of ONE unit may be selected from the generic optional units list:

Generic unit 61 Science Laboratory Management 15

Optional

Generic unit 62 Organisations and Change Management 15

Optional

Generic unit 63 Entrepreneurship and New Business 15

Optional Development
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Pearson BTEC Level 5 Higher National Diploma in Applied Sciences | Unit Level
(Environmental Sustainability) credit

Level 4 units:

Core unit 1 Fundamentals of Laboratory Techniques
Mandatory

Core unit 2 Scientific Data Handling Approaches and
Mandatory Techniques

Core unit 3 Regulation and Quality in the Applied Sciences
Mandatory (Pearson-set)

Specialist unit 5 Fundamentals of Chemistry
Mandatory

Specialist unit 10 Principles of Ecology and their Applications
Mandatory

Specialist unit 11 Physiological Adaptation of Plants to
Mandatory Environmental Changes

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 12 Managing Environmental Resources 15 4
Optional

Specialist unit | 18 Microbiological Techniques 15 4
Optional

Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional

Specialist unit | 35 Analytical Chemistry 15 4
Optional

Specialist unit | 64 Work-based Investigation 15 4
Optional

Maximum of ONE unit may be selected from the generic optional units list:
Generic unit 25 Personal and Professional Development for 15 4
Optional Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional
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Level 5 units:

Core unit 27 Analysis of Scientific Data and Information
Mandatory

Core unit 28 Applied Sciences Research Project
Mandatory (Pearson-set)

Specialist unit 39 Environmental Monitoring and Analysis
Mandatory

Specialist unit 41 Conservation and Biodiversity 15
Mandatory

Specialist unit 42 Materials Life Cycle and the Circular Economy 15
Mandatory

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 32 Biotechnology Techniques 15 5
Optional

Specialist unit | 50 Toxicology 15 5
Optional

Specialist unit | 51 Specialist Scientific Techniques and 15 5
Optional Experimentation

Specialist unit | 54 Materials' in Contact with Food 15 5
Optional

Specialist unit | 55 Nanomaterials and their Technology 15 5
Optional

Specialist unit | 60 Renewable Energy Resources and Technology 15 5
Optional

Maximum of ONE unit may be selected from the generic optional units list:

Generic unit 61 Science Laboratory Management 15 5
Optional

Generic unit 62 Organisations and Change Management 15 5
Optional

Generic unit 63 Entrepreneurship and New Business 15 5
Optional Development
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Pearson BTEC Level 5 Higher National Diploma in Applied Sciences | Unit Level
(Food Science, Technology and Nutrition) credit

Level 4 units:

Core unit
Mandatory

Core unit
Mandatory

Core unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

Plus TWO units, including a minimum of one specialist unit, from below.

1 Fundamentals of Laboratory Techniques

2 Scientific Data Handling Approaches and
Techniques

3 Regulation and Quality in the Applied Sciences
(Pearson-set)
5 Fundamentals of Chemistry

13 Human Health and Nutrition

14 Food Technology

Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 6 Anatomy and Human Physiology 15 4
Optional

Specialist unit | 10 Principles of Ecology and their Applications 15 4
Optional

Specialist unit | 12 Managing Environmental Resources 15 4
Optional

Specialist unit | 18 Microbiological Techniques 15 4
Optional

Specialist unit | 19 Managing Food Preparation and Production 15 4
Optional Systems

Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional

Specialist unit | 64 Work-based Investigation 15 4
Optional

Maximum of ONE unit may be selected from the generic optional units list:
Generic unit 25 Personal and Professional Development for 15 4
Optional Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional
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Level 5 units:

Core unit
Mandatory

Core unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

27 Analysis of Scientific Data and Information

28 Applied Sciences Research Project 30

(Pearson-set)

29 Biochemistry of Macromolecules and Metabolic 15

Pathways

43 Investigating the Properties of Food Molecules 15

45 Nutritional Diseases and Disorders 15

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Specialist unit

42 Materials Life Cycle and the Circular Economy | 15

Optional
Specialist unit | 44 Advanced Health and Nutrition 15
Optional
Specialist unit | 51 Specialist Scientific Techniques and 15

Optional Experimentation

Specialist unit | 53 Industrial Microbiology 15
Optional

Specialist unit | 54 Materials' in Contact with Food 15
Optional

Specialist unit | 55 Nanomaterials and their Technology 15

Optional

Maximum of ONE unit may be selected from the generic optional units list:

Generic unit 61 Science Laboratory Management 15

Optional

Generic unit 62 Organisations and Change Management 15

Optional

Generic unit 63 Entrepreneurship and New Business 15

Optional Development
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Pearson BTEC Level 5 Higher National Diploma in Applied Sciences | Unit Level
(Polymer Science and Technology) credit

Level 4 units:

Core unit
Mandatory

Core unit
Mandatory

Core unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

Specialist unit
Mandatory

Plus TWO units, including a minimum of one specialist unit, from below.

1 Fundamentals of Laboratory Techniques

2 Scientific Data Handling Approaches and
Techniques

3 Regulation and Quality in the Applied Sciences
(Pearson-set)

5 Fundamentals of Chemistry

15 Introduction to Polymer Materials and
Properties

16 Polymer Manufacturing Techniques

Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 8 Organic Chemistry 15 4
Optional

Specialist unit | 12 Managing Environmental Resources 15 4
Optional

Specialist unit | 18 Microbiological Techniques 15 4
Optional

Specialist unit | 20 Introduction to Material Properties and 15 4
Optional Applications

Specialist unit | 24 Sampling and Sample Preparation 15 4
Optional

Specialist unit | 64 Work-based Investigation 15 4
Optional

Maximum of ONE unit may be selected from the generic optional units list:
Generic unit 25 Personal and Professional Development for 15 4
Optional Scientists

Generic unit 26 Managing Scientific Projects 15 4
Optional
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Level 5 units:

Core unit 27 Analysis of Scientific Data and Information
Mandatory

Core unit 28 Applied Sciences Research Project
Mandatory (Pearson-set)

Specialist unit 46 Polymer Processing and Manufacture

Mandatory

Specialist unit 47 Polymer Materials and Properties
Mandatory

Specialist unit 48 Polymer Testing
Mandatory

Plus TWO units, including a minimum of one specialist unit, from below.

Minimum of ONE unit may be selected from the specialist units list:

Specialist unit | 42 Materials Life Cycle and the Circular Economy | 15 5
Optional

Specialist unit | 51 Specialist Scientific Techniques and 15 5
Optional Experimentation

Specialist unit | 54 Materials' in Contact with Food 15 5
Optional

Specialist unit | 55 Nanomaterials and their Technology 15 5
Optional

Maximum of ONE unit may be selected from the generic optional units list:

Generic unit 61 Science Laboratory Management 15 5

Optional

Generic unit 62 Organisations and Change Management 15 5

Optional

Generic unit 63 Entrepreneurship and New Business 15 5

Optional Development
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4.2.3 Meeting local needs (MLN)

Centres should note that Pearson BTEC Higher National qualifications have been
developed in consultation with centres, employers and relevant professional
organisations. The units were designed to meet the skill needs of the sector and
thereby allow coverage of the full range of employment within the sector. Centres
should make maximum use of the choices available to them within the specialist
pathways to meet the needs of their students, as well as the local skills and training
needs.

Where centres identify a specific need that cannot be addressed using the units in this
specification, centres can seek approval to use units from other RQF Pearson BTEC
Higher National qualifications, through the MLN process (refer to Commissioned
qualification design and validation service of our website
http://qualifications.pearson.com or get in touch your Pearson regional contact for
application details. Centres will need to justify the rationale for importing units from
other RQF Pearson BTEC Higher National specifications. Meeting local need
applications must be made in advance of delivery and before 31 January in the
year of student registration.

The flexibility to import standard units from other RQF Pearson BTEC Higher National
specifications is limited to a maximum of 30 credits in a BTEC HNC qualification
and a maximum of 60 credits in a BTEC HND qualification (30 credits at Level 4
and 30 credits at Level 5). This is an overall maximum of units that can be
imported. MLN units cannot be used at the expense of the mandatory units in any
qualification nor can the qualification’s rules of combination, as detailed in the
specification, be compromised. It is the responsibility of the centre requesting the
MLN to ensure that approved units are used only in eligible combinations.
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For the Pearson BTEC Level 4 Higher National Certificate in Applied Sciences and
Pearson BTEC Level 5 Higher National Diploma in Applied Sciences, the maximum
number of credits that can be imported by pathway are as follows:

Qualification Pathway Import at | Import at
Level 4 Level 5

Pearson BTEC Biology 30 -

Lth.aI 4 Higher Forensic Science 30 -

National

Certificate in Chemistry 30 -

Applied Sciences | pyironmental Sciences 30 -
Food Science, Technology and Nutrition 30 -
Polymer Science and Technology 30 -

Pearson BTEC Biology 30 30

Lth.eI 3 ng.her Biotechnology 30 30

National Diploma

in Applied Forensic Science 30 30

Sciences Chemistry 30 30
Water and Wastewater 30 30
Environmental Sustainability 30 30
Food Science, Technology and Nutrition 30 30
Polymer Science and Technology 30 30

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
58 Specification - Issue 6 - October 2022 © Pearson Education Limited 2022



4.2.4 Pearson BTEC Higher National Commissioned Development

Where MLN does not provide enough flexibility in terms of qualification structure,
centres can request design and development of units by Pearson to meet their
specific needs. This is offered by the following types of developments; full commission
or partial commission.

We would be pleased to discuss your ideas for a Pearson BTEC Higher National
Commissioned Development. For more information please refer to the Commissioned
qualification design and validation service on our website
http://qualifications.pearson.com

Once the centre is ready to proceed with a commissioned development, an
application must be made, which provides a clear rationale for the development
request. Pearson will review the application and may confirm or deny the request. The
commissioned unit(s) will be authored by Pearson, in full consultation within the
commissioning centre. Applications must be made one year in advance of the first
year of commissioned unit(s) delivery.
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4.3 Pearson-set assignments

There are Pearson-set assignments, as part of core units. Each year, Pearson will issue
a theme and (for Level 4) a set of related topics. Centres will develop an assignment, to
be internally assessed, to engage students in work related to the Pearson-set theme.

At Level 4, tutor will select a topic to further define their approach to the theme and
assignment. At Level 5, it is expected that students will define their own topic, in
negotiation with tutors, based on the Pearson-set theme.

For example, from the Higher Nationals in Applied Science:

Theme: Recycling commercial waste and its importance to environmental
sustainability

Level 4 topics:

e Strategically planning the recycling process

e Damage to the environment if commercial waste is not recycled

e Implementing the recycling strategy through educating employees.

Centres can find relevant support in the Pearson-set Assignment Guidance for the units,
and the theme and topic release documentation which will be provided for each level.

The aim of the Pearson-set assignments is to provide a common framework for
centres to develop work that will allow cross-sector benchmarking, through the
standardisation of student work, and identification and sharing of ‘best practice’ in
higher education teaching and learning. Pearson will share the ‘best practice’ results
with all centres. For further information about Pearson-set assignments and
assessment, see Section 6 of this document.
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4.4 The Unit Descriptor

The Unit Descriptor is how we define the individual units of study that make up a
Higher National qualification. Students will study and complete the units included in
the programme offered at your centre.

We have described each part of the unit, as below. You may refer to any of the Unit
Descriptors in Section 10 of this programme specification.

Unit Title
Unit Code

Unit Type

Unit level

Credit value

Introduction

Learning Outcomes

Essential Content

A broad statement of what the unit will cover.
The Ofqual unit designation

There are three unit types: core (mandatory to all
pathways); specialist (mandatory to specific
pathways); and optional (available to most pathways)

All Higher National Certificate units are at Level 4 and
all Higher National Diploma are at Level 5

The credit value is related to total qualification time
(TQT) and unit learning hours (ULH), and is easy to
calculate. 1 credit is equal to 10 ULH, so 15 credits are
equal to 150 ULH. To complete a Higher National
Certificate or Diploma students are expected to
achieve the appropriate number of credits

Some general notes on the unit, setting the scene,
stating the purpose, outlining the topics and skills
gained on completion of the unit

The Learning Outcomes are explicit statements that
clearly express what students will be able to do after
the completion of the unit. There are, typically, four
Learning Outcomes for each unit.

This section covers the content that students can
expect to study as they work towards achieving their
Learning Outcomes.
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Learning Outcomes and
Assessment Criteria

Recommended Resources

62

Each unit sets out the ‘Pass’, ‘Merit’ and ‘Distinction’
criteria for that unit. When assignments are graded, a
tutor will refer to this table, which connects the unit's

Learning Outcomes with the student’s work. This
assignment may be graded at ‘Pass’, ‘Merit’ or

‘Distinction level, depending on the quality of the
students work.

Lists the resources appropriate to support the study
of this unit. This includes books, journals and online
material to support learning. The programme tutor
may suggest alternatives and additions, usually with a
local application or relevance.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022



Web resources - referencing:

Some units have web resources as part of their recommended resources lists.
Hyperlinking to these resources directly can be problematic as locations and
addresses of resources can change over time. To combat this we have referenced web
resources as follows:

[1] A link to the main page of the website
[2] The title of the site

[3] The name of the section or element of the website where the resource can be
found

[4] The type of resource it is, which may be one of the following -

O O O O OO 0O 0O o0 O o

Web

research

general reference
tutorials

training

e-books

report

wiki

article

datasets
development tool
discussion forum

[1] sdbs.db.aist.go.jp

[1] rsc.org

[2] National Institute for Advanced Industrial Science
and Technology (AIST)

[3] Spectral Database for Organic Compounds, SDBS

[4] (General reference)

[2] Royal Society of Chemistry
[3] Learn Chemistry
[4] (General reference)
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5 Teaching and learning

The aim of this section is to provide guidance to centres so that they can engage
students in a dynamic, interactive and reflective learning experience. This experience
should effectively prepare students to successfully engage in the assessments, which
will measure depth, as well as breadth of knowledge. Teaching should stimulate
academic engagement, develop challenging yet constructive discourse and encourage
students to reflect on their own performance in preparation for a professional career.
Additionally, centres are encouraged to expose students to autonomous and
independent learning, which will facilitate the development of the academic skills,
experiences and techniques required as they progress from one level of study to the
next.

Centres are encouraged to develop programmes that have a distinctive focus on entry
into work, delivering a curriculum that embeds employability, has a strong
commitment to ethics and diversity, and introduces students to contemporary as well
as seminal research. All teaching and learning should reflect the expectations of
employers and society, and be informed and guided by external benchmarks such as
professional and statutory bodies. In so doing, students completing a Pearson BTEC
Higher National in Applied Sciences will have the attributes, skills, principles and
behaviours that will enable them to make a valuable contribution to local, national
and international healthcare service provision.

The contributions students make to their own experiences, alongside the experience
of their peers, is invaluable. Student engagement and the student voice should form a
significant aspect of a student’s life. Centres are encouraged to gather student
opinions on a range of teaching and learning matters, which would be used to inform
and enhance future practice within a programme of study and within a centre.

5.1 Delivering quality and depth

A high-quality teaching and learning experience should include qualified and
experienced lecturers, an interactive and engaging curriculum, motivated and inspired
students, and a support system that caters for the pastoral as well as academic
interests of students.

In addition to delivering a quality learning experience, centres must also encourage
students to have a deeper understanding of the subject where they are able to go
beyond the fundamentals of explaining and describing. Students are expected to
show they can analyse data and information, make sense of this and then reach
evaluative judgements. At the higher levels of study, there is an expectation that
students will be able to apply a degree of criticality to their synthesis of knowledge.
This criticality would come from exposure to appropriate and relevant theories,
concepts and models.
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One of the reasons for delivering a quality learning experience, which has depth as
well as breadth, is the benchmarking of the qualification to the Framework for Higher
Education Qualifications (FHEQ). It also meets requirements set by the Regulated
Qualifications Framework (RQF). The first stage of a Pearson BTEC Higher National in
Applied Sciences is the Higher National Certificate (HNC), which is aligned with Level 4
of both frameworks, with the Higher National Diploma (HND) aligned with Level 5.
This means that the HNC has the same level of demand and expectations as the first
year of a degree programme, with the HND having the same level of demand and
expectations as the second year of a degree programme.

Centres are expected to provide a broadly similar experience for students to that
which they would have if they attended a similar programme at a university. This
could mean:

e providing access to library facilities which have, as a minimum, available copies
(physically and/or electronically) of all required reading material

e access to research papers and journals
e utilising a virtual learning environment (VLE) to support teaching
e working with local employers (see below) to present real-life case studies

e creating Schemes of Work that embrace a range of teaching and learning
techniques

e listening to the student voice.

Irrespective of the type of programme on which a student is enrolled, it is highly
advisable that students are inducted onto their Higher National programme. This
induction should include an introduction to the course programme and academic
study skills that will be essential in supporting their research and studies and,
therefore, enhance the learning experience.

An induction programme should consist of the following:
e 3 COUrse programme overview

e preparing for lessons

o effective engagement in lectures and seminars

e making the most out of the tutor

e assignment requirements

e referencing and plagiarism

e centre policies

e academic study skills.
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Pearson offer Higher National Global Study Skills to all students — an online toolkit
that supports the delivery, assessment and quality assurance of BTECs in centres. This
is available on the HN Global website, www.highernationals.com. HN Global provides
a wealth of support to ensure that tutors and students have the best possible
experience during their course. With HN Global, students can search, share, comment,
rank and sort a vast a vast range of learning resources via an online digital library and
tutors can create and annotate reading lists for students.

5.2 Engaging with employers

Just as the student voice is important, so too is the employer’s. Employers play a
significant role in the design and development of all regulated qualifications, including
the Higher Nationals in Applied Sciences. This input should extend into the learning
experience, where engagement with employers will add value to students, particularly
in transferring theory into practice. Work placement is an important element of the
students’ programme and development, and is integrated throughout the
qualification. Centres are encouraged to actively engage employers in the delivery and
assessment of aspects of the programme as relevant.

Centres should consider a range of employer engagement activities. These could
include:

o field trips to local businesses, the industry, research labs

e inviting local Applied Sciences employers, specialists, researchers, service users
and deliverers to present guest lectures

e using specialists, employers, researchers, to judge the quality of assessed
presentations and/or products

o (for the more entrepreneurial) establishing a panel of experts to whom students
can present their research and recommendations for service improvement or
product development.

While detailed guidance on assessment has been provided in this specification (see
Section 6), it is worth considering the involvement of employers when determining
assessment strategies and the use of different assessment vehicles. This enables
centres to design assessments that are more closely related to what students would
be doing in the workplace. Employers are able to comment on relevance and content,
as well as the challenge presented by an assessment. Notwithstanding this, ultimately
it is the centre’s responsibility to judge the extent to which any employer contributes
to teaching and learning.
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5.3 Engaging with students

Students are integral to teaching and learning. As such, it is important that they are
involved as much as possible with most aspects of the programme onto which they
are enrolled. This input could include taking into account their views on how teaching
and learning will take place, their role in helping to design a curriculum, or on the
assessment strategy that will test their knowledge and understanding.

There are many ways in which to capture the student voice and student feedback,
both formal and informal. Formal mechanisms include the nomination of student
representatives to act as the collective student voice for each student cohort, student
representation at course team meetings, and an elected Higher Education
representative as part of the Student Union. Student forums should also take place
periodically throughout the year with minutes and action plans updated and
informing the overall annual course monitoring process. Unit-specific feedback can
also be collated by students completing unit feedback forms, end-of-year course
evaluations, and scheduled performance review meetings with their tutor.

However, this should not be the only time when feedback from students is sought.
Discourse with students should be constant, whereby teachers adopt a ‘reflection on
action” approach to adjust teaching, so that students are presented with an
environment that is most supportive of their learning styles. Just as employers could
have input into assessment design, so too could students. This will support the
development of assignments that are exciting and dynamic, and fully engage students
in meaningful and informative assessment.

The biggest advantage of consulting students on their teaching, learning and
assessment is securing their engagement in their own learning. Students are likely to
feel empowered and develop a sense of ownership of all matters related to teaching,
learning and assessment, not just their own experiences. Students could also view
themselves as more accountable to their lecturers, ideally seeing themselves as
partners in their own learning and not just part of a process.

5.4 Planning and structuring a programme

Learning should be challenging yet exciting; teaching should be motivating and
inspirational. Consequently, both teaching and learning should form part of a
programme structure that is active, flexible and progressive, and has an industry
focus wherever possible.
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It is important for a programme structure to be effectively planned, taking into
account the nature of the student cohort, the primary mode of delivery

(face-to-face or distance learning) and the level of study. It is also advisable to
consider the student voice (whether that voice is heard through end-of-programme
feedback, or through ongoing dialogue) when planning how and when students will
be exposed to a particular subject. One other vital source of information that centres
would do well to embrace is the feedback from tutors who have been and/or will be
delivering learning.

It is recommended that centres establish a programme planning forum where various
stakeholders are represented. This forum could consider different perspectives of
teaching and learning and how these are planned into an effective programme
structure. Consideration could be given to, for example, the holistic and consistent
use of Virtual Learning Environments (VLEs), a programme of field trips, a strategy for
engaging with employers, and how and when to assess learning.

Consideration should be given to a number of factors when planning a programme
structure. These include:

e the sequencing of units (possibly around related units)
e whether to have condensed or expanded delivery

e teaching and learning techniques.

5.4.1 Sequencing units

The level of demand embedded within a unit is benchmarked to recognised
standards. This applies to all units within a level of study, and this means that all Level
4 units have similar demands, as do all Level 5 units. However, this does not mean
that units can, or should, be delivered in any order. For example, in the Pearson BTEC
Higher National Diploma in Applied Sciences it is strongly advised that Level 4 units
are delivered, and achieved, by students before progression to Level 5. However,
students are able to progress to level 5 with a minimum of 90 credits at Level 4.

Within each level it is advisable, in fact the centres are encouraged, to sequence units
so that those providing fundamental knowledge and understanding are scheduled
early in the programme. It may also be advisable to schedule the assessment of units
requiring the practice and application of more advanced skills later in the programme.
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5.4.2 Condensed and expanded delivery

The next consideration is whether to deliver a unit in a condensed format alongside
other units, or to deliver units over an extended period. The following tables provide
examples of this, based on four units being delivered in one teaching block.

Condensed version:
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Mixed version:
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The decision to deliver a condensed, expanded or mixed programme would depend
on a number of factors, including availability of resources, when placements are
planned, the subjects to be taught and the requirements of students. Each version
has advantages: the condensed version would provide an opportunity for students to
gain early success and achievement. This will enhance their self-efficacy, sense of
belief in their ability to succeed, and self-confidence, with tutors being able to identify
and respond to less able students early in the teaching and learning cycle. The
advantages of the expanded version include providing a longer timescale for students
to absorb new knowledge and, therefore, potentially improve success, and giving
tutors an opportunity to coach and support less able students over a longer period of
time. The mixed version, with some units spanning over the entire period and others
lasting for shorter periods, provides opportunities for learning in some units to
support development in others. This format may be particularly suited to a
combination of practical and theoretical units. In all cases, the choice of which type of
unit sequence must consider student opportunities as well as staff and physical
resources of the centre.

As there are pros and cons to all approaches, the use of a planning forum would help
to ensure the most suitable approach is taken. For example, centres could choose to
deliver the first teaching block using the expanded version, with the subsequent
teaching block being delivered through a condensed approach.

It should be noted that the above consideration would apply equally to programmes
that are being delivered face-to-face or through distance learning.
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5.4.3 Drawing on a wide range of delivery techniques

As part of planning the range of delivery techniques that will be used to deliver the
syllabus, centres should also consider an appropriate combination of techniques for

the subject.

The table below lists, with explanation, some techniques that centres could introduce
into a planned programme structure.

Technique

Face-to-face

Distance learning

Lectures and

These are the most common

Delivery would be through video

knowledge shared via tutors and
seminars. Teaching can be more
in-depth where knowledge is
applied, for example to case studies
or real-life examples. Workshops
could be student-led, where
students present, for example,
findings from independent study.

seminars techniques used by tutors. They conferencing and/or
offer an opportunity to engage with | pre-recorded audio and/or visual
a large number of students, where | material, available through an
the focus is on sharing knowledge online platform. Synchronous
through the use of presentations. discussion forums could also be
used.
Laboratory Laboratory work focuses on Video conferencing would be the
Experiment- experiential learning of scientific primary form of delivery where the
ation theories in a controlled students will be observing
environment. Experiments are experiments taking place in
designed to test various scientific laboratories. These would also be
theories and establish relationships | supported by pre-recorded
from the effects that independent material, synchronous discussion
variables may have on dependent forums and analysis of
ones. experimental results obtained.
Workshops These are used to build on While more challenging to organise

than for face-to-face delivery,
workshops should not be
dismissed. Smaller groups of three
or four students could access a
forum simultaneously and engage
in the same type of activity as for
face-to-face.
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Technique Face-to-face Distance learning

Tutorials These present an opportunity for Other than not necessarily being in
focused one-to-one support, where | the same room as a student, tutors
teaching is led by an individual could still provide effective

student’s requirements. These can | tutorials. Video conferencing tools
be most effective in the run-up to provide the means to see a

assessment, where tutors can student, which makes any
provide more focused direction, conversation more personal.
perhaps based on a formative
assessment.
Virtual These are invaluable to students A VLE is a must if students are
Learning studying on a face-to-face engaged with online delivery
Environments | programme. Used effectively, VLEs | through distance or blended
(VLEs) not only provide a repository for learning, as this would be the
taught material such as primary or the key source of
presentation slides or handouts, learning. Where distance learning is
but could be used to set formative | primarily delivered through hard
tasks such as quizzes. Further copies of workbooks, etc., the same
reading could also be located ona | principle would apply as for
VLE, along with a copy of the face-to-face learning.

programme documents, such as
the handbook and assessment

timetable.
Blended The combination of traditional Offline learning enables students to
learning face-to-face learning and online develop autonomy and self-
learning. This can enable students | discipline by completing set
to gain personalised support, activities and tasks with limited
instruction and guidance while direction and traditional classroom-

completing assigned activities and | based constraints.
tasks remotely.

Work-based Any opportunity to integrate work- | It is likely that the majority of

learning based learning into the curriculum | distance learning students would
should be taken. This adds realism | be employed and possibly classed
and provides students with an as mature students. Bringing
opportunity to link theory to theory to life through a curriculum,
practice in a way in which case which requires work based
studies do not. Many full-time application of knowledge, would
students are involved in some form | make learning for these students
of employment, either paid or more relevant and meaningful.
voluntary, which could be used, Perhaps more importantly,
where appropriate, as part of their | assessment should be grounded in
learning e.g. when assignments a student’s place of work, wherever

require students to contextualise a | possible.
response to a real organisation.
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Technique

Face-to-face

Distance learning

Guest These could be experts from As long as the expert has access to

speakers industry or visiting academics in the same platform as the students
the subject area that is being then the value-added contribution
studied. They could be used to would still be very high.
present a lecture/seminar, a Consideration would need to be
workshop or to contribute to given to timings and logistics, but
assessment. The objective is to with some innovative management
make the most effective use of an | this technique would still have a
expert's knowledge and skill by place in distance learning
adding value to the teaching and programmes.
learning experience.

Field trips Effectively planned field trips, which | The use of field trips could be

have a direct relevance to the
syllabus, would add value to the
learning experience. Through these
trips students could relate theory
to practice, have an opportunity to
experience organisations in action,
and potentially open their minds to
career routes.

included as part of a distance
learning programme. They will add
the same value and require the
same planning. One additional
benefit of field trips for distance
learning is that they provide an
opportunity for all students in a
cohort to meet, which is a rare
occurrence for distance-learning
students.
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5.4.4 Assessment considerations

Centres should design assessment for learning. This is where an assessment strategy
requires students to engage with a variety of assessment tools that are accessible, are
appropriately challenging, and support the development of student self-efficacy and
self-confidence. To ensure that assignments are valid and reliable, centres must
implement robust quality assurance measures and monitor the effectiveness of their
implementation (see Section 6). This includes ensuring that all students engage in
assessment positively and honestly.

Assessment also provides a learning opportunity for all stakeholders of the
assessment to have access to feedback that is both individual to each student and
holistic to the cohort. Feedback to students should be supportive and constructive.
Student self-efficacy (and, therefore, self-confidence) can be significantly enhanced
where feedback not only focuses on areas for improvement but recognises the
strengths a student has. At the cohort level, similar trends could be identified that
inform future approaches to assessment and teaching. Assessment is an integral part
of the overall learning process and assessment strategy must be developed to
support effective, reflective, thinking Applied Sciences practitioners for the future.
Assessment can be formative, summative or both.

5.4.5 Formative assessment

Formative assessment is primarily developmental in nature and designed to give
feedback to students on their performance and progress. It takes place before the
summative assessment and as such it does not confirm achievement of grades.
Assessment designed formatively should develop and consolidate knowledge,
understanding, skills and competencies. It is a key part of the learning process and
can enhance learning and contribute to raising standards.

Through formative assessment tutors can identify students’ differing learning needs
early on in the programme and so make timely corrective interventions. Tutors can
also reflect on the results of formative assessment to measure how effective the
planned teaching and learning is at delivering the syllabus. Each student should
receive one set of written formative feedback, otherwise some students may feel that
others are being given more than their share of verbal feedback.

5.4.6 Summative assessment

Summative assessment is where students are provided with the assignment grades
contributing towards the overall unit grade. For summative assessment to be effective
it should also give students additional feedback to support ongoing development and
improvement in subsequent assignments. All formative assessment feeds directly into
the summative assessment for each unit and lays the foundations on which students
develop the necessary knowledge and skills required for the summative assessment.
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5.4.7 Assessment feedback

Effective assessment feedback is part of continuous guided learning which promotes
learning and enables improvement. It also allows students to reflect on their
performance and helps them understand how to make effective use of feedback.
Constructive and useful feedback should enable students to understand the strengths
and limitations of their performance, providing positive comments where possible as
well as explicit comments on how improvements can be made. Feedback should
reflect the learning outcomes and assessment criteria to also help students
understand how these inform the process of judging the overall grade.

The timing of the provision of feedback and of the returned assessed work also
contributes to making feedback effective. Specific turnaround time for feedback
should be agreed and communicated with both tutors and students. Timing should
allow students the opportunity to reflect on the feedback and consider how to make
use of it in forthcoming assessments, taking into account the tutor’'s workload and
ability to provide effective feedback.

5.4.8 Designing valid and reliable assessments

To help ensure valid and reliable assignments are designed and are consistent across
all units, centres could consider a number of actions.

Use of language

The first aspect of an assignment that a centre could focus on is ensuring that
language makes tasks/questions more accessible to students.

Due consideration must be given to the command verbs (i.e. the verbs used in unit
assessment criteria) when considering the learning outcomes of a unit. Assignments
must use appropriate command verbs that equate to the demand of the learning
outcome. If the outcome requires ‘analysis’ then ‘evaluative’ requirements within the
assignment must not be set when testing that outcome. This would be viewed as
over-assessing. Similarly, it is possible to under-assess where analytical demands are
tested using, for example, explanatory command verbs.

The following can be used as a guide to support assignment design.

e Ensure there is a holistic understanding (by tutors and students) and use of
command verbs.

e Set assignment briefs that use a single command verb, focusing on the highest
level of demand expected for the learning outcome(s) that is (are) being tested.

e Assignments should be supported by additional guidance that helps students to
interpret the demand of the assessment criteria.
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e Time-constrained assessments should utilise the full range of command verbs
(or acceptable equivalents) appropriate to the academic level. Modes of
time-constrained assessments include in-class tests and examinations that could
be both open- or closed-book. Centres should pay close consideration to ensuring
tests and exams are not replicated during the course of the year.

Consistency

This relates to the consistency of presentation and structure, the consistent use of
appropriate assessment language, and the consistent application of grading criteria.
Where assignments are consistent, reliability is enhanced. Where validity is present in
assignments, this will result in assignments that are fit for purpose and provide a fair
and equitable opportunity for all students to engage with the assignment
requirements.

Employing a range of assessment tools

Just as variation in teaching methods used is important to the planning of a
programme structure, so too is the use of a range of assessment tools appropriate to
the unit and its content. Centres should consider taking a holistic view of assessment,
ensuring a balanced assessment approach with consideration given to the subject
being tested and what is in the best interests of students. As mentioned above,
consultation with employers could add a sense of realism to an assessment strategy.
(A comprehensive list of assessment tools is provided in Section 6.2.

No matter what tool is used, assignments should have a sector focus (whether this is
in a workplace context or through a case study), and be explicitly clear in their
instructions. In the absence of a case study, a scenario should be used to provide
some context. Finally, students should be clear on the purpose of the assignment and
which elements of the unit it is targeting.
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6 Assessment

Pearson BTEC Higher Nationals in Applied Sciences are assessed using a combination
of internally assessed centre-devised internal assignments (which are set and
marked by centres) and internally assessed Pearson-set assignments (which are set
by Pearson and marked by centres). Pearson-set assignments are mandatory and
target particular industry-specific skills. The number and value of these units are
dependent on qualification size.

e Forthe HNC, one core, 15-credit, unit at Level 4 will be assessed by a mandatory
Pearson-set assignment targeted at particular skills.

e For the HND, two core units — one core, 15-credit, unit at Level 4 and one core,
30-credit unit at Level 5 — will be assessed by a mandatory Pearson-set assignment
targeted at particular skills.

All other units are assessed by centre-devised internal assignments.

The purpose and rationale of having Pearson-set units on Higher Nationals is as
follows.

Standardisation of student work - Assessing the quality of student work, that it is
meeting the level and the requirements of the unit across all centres, that grade
decisions and assessor feedback are justified, and that internal verification and
moderation processes are picking up any discrepancies and issues.

Sharing of good practice - We will share good practice in relation to themes such as

innovative approaches to delivery, the use of digital literacy, enhancement of student

employability skills and employer engagement. These themes will align to those for
QAA Higher Education Reviews.

An appointed External Examiner (EE) for the centre will ask to sample the Pearson-set
assignment briefs in advance of the external examination visit. Although this is not a
mandatory requirement for centres we strongly advise that centres seek guidance
and support from their EE on the Pearson-set assignment. The EE may also include
the Pearson-set units in the centre visit sample of student work.

We have taken great care to ensure that the assessment method chosen is
appropriate to the content of the unit and in line with requirements from professional
bodies, employers and higher education.

In developing an overall plan for delivery and assessment for the programme, you will
need to consider the order in which you deliver units, whether delivery will take place
over short or long periods of time, and when assessment can take place.
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6.0.1 Example Assessment Briefs

Each unit has supporting Example Assessment Briefs that are available to download
from the course materials section on our website (http://qualifications.pearson.com).
The Example Assessment Briefs are there to give you an example of what the
assessment will look like in terms of the feel and level of demand of the assessment.

The Example Assessment Briefs, with the exception of the mandatory Pearson-set
unit, provide tutors with suggested types of assignment and structure that can be
adopted and, if so, must be adapted accordingly.

6.1  Principles of internal assessment

This section gives an overview of the key features of internal assessment and how
you, as an approved centre, can offer it effectively. The full requirements and
operational information are given in the Pearson Quality Assurance Handbook available
in the support section of our website (http://qualifications.pearson.com). All of the
assessment team will need to refer to this document.

For Pearson BTEC Higher Nationals it is important that you can meet the expectations
of stakeholders and the needs of students by providing a programme that is practical
and applied. Centres can tailor programmes to meet local needs and should use links
with local employers and the wider Applied Sciences sector.

When internal assessment is operated effectively, it is challenging, engaging, practical
and up to date. It must also be fair to all students and meet national standards.

6.1.1 Assessment through assignments

For internally assessed units, the format of assessment is an assignment taken after
the content of the unit, or part of the unit if several assignments are used, has been
fully delivered. An assignment may take a variety of forms, including practical and
written types. An assignment is a distinct activity completed independently by
students (either alone or in a team). An assignment is separate from teaching,
practice, exploration and other activities that students complete with direction from,
and formative assessment by, tutors.

An assignment is issued to students as an assignment brief with a hand-out date, a
completion date and clear requirements for the evidence that students are expected
to provide. There may be specific observed practical components during the
assignment period. Assignments can be divided into separate parts and may require
several forms of evidence. A valid assignment will enable a clear and formal
assessment outcome based on the assessment criteria.
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6.1.2 Assessment decisions through applying unit-based criteria

Assessment decisions for Pearson BTEC Higher Nationals are based on the specific
criteria given in each unit and set at each grade level. The criteria for each unit have
been defined according to a framework to ensure that standards are consistent in the
qualification and across the suite as a whole. The way in which individual units are
written provides a balance of assessment of understanding, practical skills and career-
related attributes appropriate to the purpose of the qualifications.

The assessment criteria for a unit are hierarchical and holistic. For example, if an M
criterion requires the student to show ‘analysis’ and the related P criterion requires
the student to ‘explain’, then to satisfy the M criterion a student will need to cover
both ‘explain’ and ‘analyse’. The unit assessment grid shows the relationships among
the criteria so that assessors can apply all the criteria to the student’s evidence at the
same time. In Appendix 3 we have set out a definition of terms that assessors need to
understand.

Assessors must show how they have reached their decisions using the criteria in the
assessment records. When a student has completed all the assessment for a unit then
the assessment team will give a grade for the unit. This is given simply according to
the highest level for which the student is judged to have met all the criteria. Therefore:

e To achieve a Pass, a student must have satisfied all the Pass criteria for the
learning outcomes, showing coverage of the unit content and, therefore,
attainment at Level 4 or 5 of the National Framework.

e To achieve a Merit, a student must have satisfied all the Merit criteria (and,
therefore, the Pass criteria) through high performance in each learning outcome.

e To achieve a Distinction, a student must have satisfied all the Distinction criteria
(and, therefore, the Pass and Merit criteria), and these define outstanding
performance across the unit as a whole.

The award of a Pass is a defined level of performance and cannot be given solely on
the basis of a student completing assignments. Students who do not satisfy the Pass
criteria should be reported as Unclassified.

6.1.3 The assessment team

It is important that there is an effective team for internal assessment. There are three
key roles involved in implementing assessment processes in your centre, each with
different interrelated responsibilities, and these roles are listed below. Full
information is given in the Pearson Quality Assurance Handbook available in the
support section of our website (http://qualifications.pearson.com).
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6.1

The Programme Leader has overall responsibility for the programme, its
assessment and internal verification to meet our requirements, record-keeping
and liaison with the External Examiner. The Programme Leader registers annually
with Pearson and acts as an assessor, supports the rest of the assessment team,
makes sure they have the information they need about our assessment
requirements, and organises training, making use of our guidance and support
materials.

Internal Verifiers (IVs) oversee all assessment activity in consultation with the
Programme Leader. They check that assignments and assessment decisions are
valid and that they meet our requirements. 1Vs will be standardised by working
with the Programme Leader. Normally, IVs are also assessors, but they do not
verify their own assessments.

Assessors set or use assignments to assess students to national standards. Before
taking any assessment decisions, assessors participate in standardisation activities
led by the Programme Leader. They work with the Programme Leader and IVs to
ensure that the assessment is planned and carried out in line with our
requirements. Placement assessments must be carried out by appropriately
qualified assessors.

Your EE will sample student work across assessors. Your EE will also want to see
evidence of internal verification of assignments and assessment decisions.

.4 Effective organisation

Internal assessment needs to be well organised so that student progress can be
tracked and so that we can monitor that assessment is being carried out in line with
national standards. We support you in this through, for example, providing training

ma

terials and sample documentation. Our online HN Global service can also help

support you in planning and record-keeping.

It is particularly important that you manage the overall assignment programme and
deadlines to make sure that all your students are able to complete assignments on

tim

6.1

e.

.5 Student preparation

To ensure that you provide effective assessment for your students, you need to make
sure that they understand their responsibilities for assessment and the centre’s
arrangements. From induction onwards, you will want to ensure that students are
motivated to work consistently and independently to achieve the requirements of the
qualifications. They need to understand how assignments are used, the importance of

meeting assignment deadlines, and that all the work submitted for assessment must

be their own.
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You will need to give your students a guide that explains:
e how assignments are used for assessment
e how assignments relate to the teaching programme

e how they should use and reference source materials, including what would
constitute plagiarism.

The guide should also set out your Centre’s approach to operating assessments, such
as how students must submit assignments/work and the consequences of submitting
late work, and the procedure for requesting extensions for mitigating circumstances.

6.2 Setting effective assessments

6.2.1 Setting the number and structure of assessments

In setting your assessments you need to work with the structure of assessments
shown in the relevant section of a unit. This shows the learning aims and outcomes
and the criteria that you are expected to follow.

Pearson provide online Example Assessment Briefs for each unit to support you in
developing and designing your own assessments.

In designing your own assignment briefs you should bear in mind the following
points.

e The number of assignments for a unit must not exceed the number of learning
outcomes listed in the unit descriptor. However, you may choose to combine
assignments, either to cover a number of learning outcomes or to create a single
assignment for the entire unit.

e You may also choose to combine all or parts of different units into single
assignments, provided that all units and all their associated learning outcomes are
fully addressed in the programme overall. If you choose to take this approach you
need to make sure that students are fully prepared, so that they can provide all the
required evidence for assessment, and that you are able to track achievement in
assessment records.

e Alearning outcome must always be assessed as a whole and must not be split into
two or more elements.

e The assignment must be targeted to the learning outcomes but the learning
outcomes and their associated criteria are not tasks in themselves. Criteria are
expressed in terms of the outcome shown in the evidence.

You do not have to follow the order of the learning outcomes of a unit in setting
assignments, but later learning outcomes often require students to apply the content
of earlier learning outcomes, and they may require students to draw their learning
together.
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Assignments must be structured to allow students to demonstrate the full range of
achievement at all grade levels. Students need to be treated fairly by being given the
opportunity to achieve a higher grade, if they have the ability.

As assignments provide a final assessment, they will draw on the specified range of
teaching content for the learning outcomes. The specified unit content must be
taught/delivered. The evidence for assessment need not cover every aspect of the
teaching content, as students will normally be given particular examples, case studies
or contexts in their assignments. For example, if a student is carrying out one practical
performance, or an investigation of one organisation, then they will address all the
relevant range of content that applies in that instance.

6.2.2 Providing an assignment brief

A good assignment brief is one that, through providing challenging and authentic
sector/work-related tasks, motivates students to provide appropriate evidence of
what they have learned.

An assignment brief should have:

e a career-related scenario; this could be a simple situation or a full, detailed set of
career-related requirements that motivates the student to apply their learning
through the assignment

e clear instructions to the student about what they are required to do, normally set
out through a series of tasks

e an audience or purpose for which the evidence is being provided

e an explanation of how the assighment relates to the unit(s) being assessed.

6.2.3 Forms of evidence

Pearson BTEC Higher Nationals have always allowed for a variety of forms of
assessment evidence to be used, provided they are suited to the type of learning
outcomes being assessed. For many units, the practical demonstration of skills is
necessary and, for others, students will need to carry out their own research and
analysis, working independently or as part of a team.

The Example Assessment Briefs give you information on what would be suitable
forms of evidence to give students the opportunity to apply a range of employability
or transferable skills. Centres may choose to use different suitable forms of evidence
to those proposed. Overall, students should be assessed using varied forms of
evidence.

These are some of the main types of assessment:
e written reports, essays
e in-class tests or examinations

e creation of planning documents
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e work-based projects and portfolios

e academic posters, displays, leaflets

e slide presentations

e recordings of interviews/role plays

e work placement logbooks and reflective journals

e workplace observation of practice and assessment records
e presentations with assessor questioning

e professional discussions

e time-constrained assessment.

(Full definitions of different types of assessment are given in Appendix 4.)
The form(s) of evidence selected must:

o allow the student to provide all the evidence required for the learning outcomes
and the associated assessment criteria at all grade levels

o allow the student to produce evidence that is their own independent work

e allow a verifier to independently reassess the student to check the assessor’s
decisions.

For example, when you are using performance evidence, you need to think about how
supporting evidence can be captured through recordings, photographs or task sheets.

Centres need to take particular care that students are enabled to produce
independent work. For example, if students are asked to use real examples, then best
practice would be to encourage them to use examples of their own or to give the
group a number of examples that can be used in varied combinations.

6.3 Making valid assessment decisions

6.3.1 Authenticity of student work

An assessor must assess only student work that is authentic, i.e. students’ own
independent work. Students must authenticate the evidence that they provide for
assessment through signing a declaration stating that it is their own work. A student
declaration must state that:

e evidence submitted for that assignment is the student’s own
e the student understands that false declaration is a form of malpractice.

Assessors must ensure that evidence is authentic to a student through setting valid
assignments and supervising them during the assessment period. Assessors must
also take care not to provide direct input, instructions or specific feedback that may
compromise authenticity.
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Centres may use Pearson templates or their own templates to document
authentication.

During assessment an assessor may suspect that some or all of the evidence from a
student is not authentic. The assessor must then take appropriate action, using the

centre’s policies for malpractice. (See section 3.7 in this Programme Specification for
further information.)

6.3.2 Making assessment decisions using criteria

Assessors make judgements using the criteria. The evidence from a student can be
judged using all the relevant criteria at the same time. The assessor needs to make a
judgement against each criterion that evidence is present and sufficiently
comprehensive. For example, the inclusion of a concluding section may be insufficient
to satisfy a criterion requiring ‘evaluation’.

Assessors should use the following information and support in reaching assessment
decisions:

e the explanation of key terms in Appendix 3 of this document
e examples of verified assessed work

e your Programme Leader and assessment team'’s collective experience.

6.3.3 Dealing with late completion of assignments

Students must have a clear understanding of the centre’s policy on completing
assignments by the deadlines that you give them. Students may be given authorised
extensions for legitimate reasons, such as illness, at the time of submission, in line
with your centre’s policies (see also Section 3.6).

For assessment to be fair, it is important that students are all assessed in the same
way and that some students are not advantaged by having additional time or the
opportunity to learn from others. Centres should develop and publish their own
regulations on late submission; this should make clear the relationship between late
submission and the centre’s mitigating circumstances policy.

Centres may apply a penalty to assignments that are submitted beyond the published
deadline. However, if a late submission is accepted, then the assignment should be
assessed normally, when it is submitted, using the relevant assessment criteria, with
any penalty or cap applied after the assessment. Where the result of assessment may
be capped, due to late submission of the assignment, the student should be given an
indication of their uncapped grade, in order to recognise the learning that has been
achieved, and assessment feedback should be provided in relation to the uncapped
achievement.

As with all assessment results, both the uncapped and capped grades should be
recorded and ratified by an appropriate assessment board, taking into account any
mitigating circumstances that may have been submitted.
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6.3.4 Issuing assessment decisions and feedback

Once the assessment team has completed the assessment process for an assignment,
the outcome is a formal assessment decision. This is recorded and reported to
students. The information given to the student:

e must show the formal decision and how it has been reached, indicating how or
where criteria have been met

e may show why attainment against criteria has not been demonstrated

e must not provide feedback on how to improve evidence but can suggest how to
improve in the future.

6.3.5 Resubmission opportunity

An assignment provides the final assessment for the relevant learning outcomes, and
is normally a final assessment decision. A student who, for the first assessment
opportunity, has failed to achieve a Pass for that unit specification shall be expected
to undertake a reassessment.

e Only one opportunity for reassessment of the unit will be permitted.

e Reassessment for coursework, project or portfolio-based assessments shall
normally involve the reworking of the original task.

e For examinations, reassessment shall involve completion of a new task.

e Astudent who undertakes a reassessment will have their grade capped at a Pass
for that unit.

e A student will not be entitled to be reassessed in any component of assessment
for which a Pass grade or higher has already been awarded.

6.3.6 Repeat Units

In cases of students who, for the first assessment opportunity and resubmission
opportunity, still fail to achieve a Pass for that unit specification:

e atthe discretion of the centre and Assessment Board, decisions can be made to
permit a repeat of a unit

e the student must study the unit again with full attendance and payment of the unit
fee

e the overall unit grade for a successfully completed repeat unit is capped at a Pass
for that unit

e units can be repeated only once.
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6.3.7 Assessment Boards

Each centre is expected by Pearson to hold Assessment Boards for all of its BTEC
Higher National programmes. The main purpose of an Assessment Board is to make
recommendations on:

e the grades achieved by students on the individual units

e extenuating circumstances

e cases of cheating and plagiarism

e progression of students on to the next stage of the programme
e the awards to be made to students

o referrals and deferrals.

Assessment Boards may also monitor academic standards. The main boards are
normally held at the end of the session, although if your centre operates on a
semester system there may be (intermediate) boards at the end of the first semester.
There may also be separate boards to deal with referrals.

Where a centre does not currently have such a process then the External Examiner
(EE) should discuss this with the Quality Nominee and Programme Leader, stressing
the requirement for Assessment Boards by both Pearson and QAA, and that
Assessment Board reports and minutes provide valuable evidence for QAA’s Review of
College Higher Education process.

6.4 Planning and record keeping

For internal processes to be effective, an assessment team needs to be well organised
and keep effective records. The centre will also work closely with us so that we can
quality assure that national standards are being satisfied. This process gives
stakeholders confidence in the assessment approach.

The Programme Leader should have an assessment plan. When producing a plan, the
assessment team will wish to consider:

e thetime required for training and standardisation of the assessment team

e the time available to undertake teaching and carrying out of assessment, taking
account of when students may complete external assessments and when quality
assurance will take place

e the completion dates for different assignments

e who is acting as Internal Verifier (IV) for each assignment, and the date by which
the assignment needs to be verified

e setting an approach to sampling assessor decisions though internal verification
that covers all assignments, assessors and a range of students
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e how to manage the assessment and verification of students’ work, so that they can
be given formal decisions promptly

e how resubmission opportunities can be scheduled.

The Programme Leader will also maintain records of assessment undertaken. The key
records are:

o Verification of assignment briefs

e Student authentication declarations

e Assessor decisions on assignments, with feedback given to students
e Verification of assessment decisions.

Examples of records and further information are available in the Pearson Quality
Assurance Handbook available in the support section of our website
(http://qualifications.pearson.com).

6.5 Calculation of the final qualification grade

6.5.1 Conditions for the award

Conditions for the award of the HND

To achieve a Pearson BTEC Level 5 Higher National Diploma qualification a student
must have:

e completed units equivalent to 120 credits at level 5
e achieved at least a pass in 105 credits at level 5
e completed units equivalent to 120 credits at level 4

e achieved at least a pass in 105 credits at level 4.

Conditions for the award of the HNC

To achieve a Pearson BTEC Level 4 Higher National Certificate qualification a student
must have:

e completed units equivalent to 120 credits at level 4

e achieved at least a pass in 105 credits at level 4.

6.5.2 Compensation provisions

Compensation provisions for the HND

Students can still be awarded an HND if they have attempted but not achieved a Pass
in one of the 15-credit units completed at level 4, and similarly if they have attempted
but not achieved a Pass in one of the 15-credit units at level 5. However, they must
complete and pass the remaining units for an HNC or HND as per the unit rules of
combination of the required qualification.
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Compensation provisions for the HNC

Students can still be awarded an HNC if they have attempted but not achieved a Pass
in one of the 15-credit units completed, but have completed and passed the
remaining units.

6.5.3 Calculation of the overall qualification grade

The calculation of the overall qualification grade is based on the student’s
performance in all units. Students are awarded a Pass, Merit or Distinction
qualification grade, using the points gained through all 120 credits, at Level 4 for the
HNC or Level 5 for the HND, based on unit achievement. The overall qualification
grade is calculated in the same way for the HNC and for the HND.

All units in valid combination must have been attempted for each qualification. The
conditions of award and the compensation provisions will apply as outlined above.
All 120 credits count in calculating the grade (at each level, as applicable).

The overall qualification grade for the HND will be calculated based on student
performance in Level 5 units only.

Units that have been attempted but not achieved, and subsequently granted
compensation, will appear as ‘Unclassified’, i.e. a ‘U’ grade, on the student’s
Notification of Performance, that is issued with the student certificate.

Points per credit

Grade Points

Pass 4
Merit 6
Distinction 8

Point boundaries

Grade Point boundaries
Pass 420-599
Merit 600-839
Distinction 840 +
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6.5.4 Modelled student outcomes

Pearson BTEC Level 4 Higher National Certificate

STUDENT 1 |STUDENT 2 [STUDENT 3 |STUDENT4 |STUDENT5
Credits |Level |Grade |Grade |Unit Grade | Unit Grade | Unit Grade | Unit Grade |Unit

point points points points points points

Core 1 15 4 4 P 60 P 60 P 60 D 120 D 120
Core 2 15 4 4 P 60 P 60 P 60 D 120 M 90
Core 3 15 4 4 P 60 P 60 P 60 D 120 M 90
Core 4 15 4 4 P 60 P 60 M 90 M 90 M 90
Core 5 15 4 6 M 90 P 60 M 90 M 90 M 90
Core 6 15 4 6 M 90 P 60 M 90 M 90 M 90
Opt 1 15 4 6 M 90 M 90 D 120 D 120 D 120
Opt 2 15 4 6 M 90 M 90 D 120 D 120 D 120
TOTAL 120 600 540 690 870 810
GRADE M P M D M

Pearson BTEC Level 5 Higher National Diploma

STUDENT 1 |STUDENT2 |STUDENT3 |STUDENT4 |STUDENTS5
Credits |Level |Grade |Grade |Unit Grade |Unit Grade | Unit Grade |Unit Grade | Unit

point points points points points points
Core 1 15 4 0 P 0 P 0 P 0 D 0 P 0
Core 2 15 4 0 P 0 P 0 P 0 D 0 M 0
Core 3 15 4 0 P 0 P 0 P 0 D 0 M 0
Core 4 15 4 0 P 0 P 0 M 0 M 0 M 0
Core 5 15 4 0 M 0 P 0 M 0 M 0 P 0
Core 6 15 4 0 M 0 P 0 M 0 D 0 u 0
Opt 1 15 4 0 M 0 P 0 D 0 D 0 D 0
Opt 2 15 4 0 M 0 P 0 D 0 D 0 D 0
Core 7 30 5 6 M 180 M 180 M 180 P 120 D 240
Core 8 15 5 6 M 90 M 90 M 90 P 60 D 120
Opt 3 15 5 6 M 90 M 90 D 120 P 60 D 120
Opt 4 15 5 6 M 90 P 60 D 120 P 60 D 120
Opt 5 15 5 6 M 90 P 60 D 120 M 90 M 90
Opt 6 15 5 6 M 90 P 60 M 90 M 90 P 60
Opt 7 15 5 6 M 90 P 60 M 90 M 90 M 90
TOTAL 240 720 600 810 570 840
GRADE M M M P D
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7 Quality assurance

Pearson’s quality assurance system for all Pearson BTEC Higher National programmes
is benchmarked to Level 4 and Level 5 on the UK Quality Assurance Agency's (QAA)
Framework for Higher Education Qualifications (FHEQ). This will ensure that centres
have effective quality assurance processes to review programme delivery. It will also
ensure that the outcomes of assessment are to national standards.

The quality assurance process for centres offering Pearson BTEC Higher National
programmes comprises five key components:

1 The approval process

2 Monitoring of internal centre systems
3 Independent assessment review

4 Annual programme monitoring report
5

Annual student survey

7.1 The approval process

Centres new to the delivery of Pearson programmes will be required to seek approval
through the centre approval process that includes the programme approval process
(refer to ‘Becoming a centre’ section on our website http://qualifications.pearson.com).
Programme approval for centres new to Higher Nationals are only considered in one
way:

e desk-based approval review
e review and approval visit to the centre.

Prior to approval being given, centres will be required to submit documentary
evidence to demonstrate that they:

e have the human and physical resources required for effective delivery and
assessment

e understand the implications for independent assessment and agree to abide by
these

e have arobust internal assessment system supported by ‘fit-for-purpose’
assessment documentation

e have a system to internally verify assessment decisions, to ensure standardised
assessment decisions are made across all assessors and sites.

Applications for approval must be supported by the head of the centre (Principal or
Chief Executive, etc.) and include a declaration that the centre will operate the
programmes strictly, as approved and in line with Pearson requirements.
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Centres seeking to renew their programme approval upon expiry of their current
approval period may be eligible for the automatic approval process (refer to Pearson
BTEC Higher National Approval Guidance 2019 available at
http://qualifications.pearson.com), subject to the centre meeting the eligibility criteria
set out by Pearson.

Regardless of the type of centre, Pearson reserves the right to withdraw either
qualification or centre approval when it deems there is an irreversible breakdown in
the centre’s ability to quality assure either its programme delivery or its assessment
standards.

7.2 Monitoring of internal centre systems

Centres will be required to demonstrate ongoing fulfilment of the centre approval
criteria over time and across all Higher National programmes. The review of these
systems are either done through a Quality Management Review or and Academic
Management Review (QMR or AMR) in the UK or by your External Examiner for
international centres. Centres will be given the opportunity to present evidence of the
ongoing suitability and deployment of their systems to carry out the required
functions. This includes the consistent application of policies affecting student
registrations, appeals, effective internal examination and standardisation processes.
Where appropriate, centres may present evidence of their operation within a
recognised code of practice, such as that of the ‘UK Quality Assurance Agency for Higher
Education quality code’ (refer to www.gaa.ac.uk/quality-code) . Pearson reserves the
right to confirm independently that these arrangements are operating to Pearson’s
standards.

Pearson will affirm, or not, the ongoing effectiveness of such systems. Where system
failures are identified, sanctions (appropriate to the nature of the problem) will be
applied, in order to assist the centre in correcting the problem.

7.3 Independent assessment review

The internal assessment outcomes reached for all Pearson BTEC Higher National
programmes benchmarked to Level 4 and Level 5 of the Quality Assurance Agency
(QAA) Framework for Higher Education Qualifications (FHEQ) are subject to a visit
from a Pearson-appointed External Examiner (known as Standards Verifiers for lower
level BTEC programmes). The outcomes of this process will be:

e to confirm that internal assessment is to UK national standards and allow
certification, or

e to make recommendations to improve the quality of assessment outcomes before
certification is released, or

e to make recommendations about the centre’s ability to continue to be approved
for the Pearson BTEC Higher National qualifications in question.
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7.4 Annual Programme Monitoring Report (APMR)

The APMR is a strategic overview of a centre's Higher National programmes which is
writ that provides an opportunity for centres to analyse and reflect on the most recent
teaching year. By working in collaboration with centres, the information can be used
by Pearson to further enhance the quality assurance of the Pearson BTEC Higher
National programmes. An overview report is produced to outline the findings of the
APMR each year. This can be accessed on HigherNationals.com at http://monitoring-
report.highernationals.com.

7.5 Annual student survey

Pearson will conduct an annual survey of Pearson BTEC Higher National students. The
purpose of the survey is to enable Pearson to gain a snapshot of every Higher
National student’s experience as part of the quality assurance process, by engaging
with students studying on these programmes. Each centre that has sufficient students
engage with the survey will get their own bespoke report about their results. The
report can be accessed on HN Global at http://hnglobal.highernationals.com

7.6 Centre and qualification approval

As part of the approval process, your centre must make sure that the resource
requirements listed below are in place before offering the qualification.

Centres must have appropriate physical resources (for example equipment, IT,
learning materials, teaching rooms) to support the delivery and assessment of the
qualifications.

e Staff involved in the assessment process must have relevant expertise and/or
occupational experience.

e There must be systems in place to ensure continuing professional development for
staff delivering the qualification.

o Centres must have in place appropriate health and safety policies relating to the
use of equipment by staff and students.

e Centres must deliver the qualification in accordance with current equality
legislation.

e Centres should refer to the individual unit descriptors to check for any specific
resources required.

The result, we believe, is qualifications that will meet the needs and expectations of
students worldwide.
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7.7 Continuing quality assurance and standards verification

We produce annually the latest version of the Pearson Quality Assurance Handbook,
available in the support section of our website (http://qualifications.pearson.com). It
contains detailed guidance on the quality processes required to underpin robust
assessment and internal verification.

The key principles of quality assurance are that:

a centre delivering Pearson BTEC Higher National programmes must be an
approved centre, and must have approval for the programmes or groups of
programmes that it is delivering

the centre agrees, as part of gaining approval, to abide by specific terms and
conditions around the effective delivery and quality assurance of assessment; it
must abide by these conditions throughout the period of delivery

Pearson makes available to approved centres a range of materials and
opportunities through the assessment checking service. This is intended to
exemplify the processes required for effective assessment and provide examples
of effective standards. Approved centres must use the materials and services to
ensure that all staff delivering BTEC qualifications keep up to date with the
guidance on assessment

an approved centre must follow agreed protocols for standardisation of assessors
and verifiers, for the planning, monitoring and recording of assessment processes,
and for dealing with special circumstances, appeals and malpractice.

The approach of quality-assured assessment is through a partnership between an
approved centre and Pearson. We will make sure that each centre follows best
practice and employs appropriate technology to support quality assurance processes
where practicable. We work to support centres and seek to make sure that our
quality-assurance processes do not place undue bureaucratic processes on centres.
We monitor and support centres in the effective operation of assessment and quality
assurance.

The methods we use to do this for Pearson BTEC Higher Nationals include:

making sure that all centres complete appropriate declarations at the time of
approval

undertaking approval visits to centres

making sure that centres have effective teams of assessors and verifiers who are
trained to undertake assessment

assessment sampling and verification through requested samples of assessments,
completed assessed student work and associated documentation

an overarching review and assessment of a centre’s strategy for assessing and
quality-assuring its BTEC programmes.
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An approved centre must make certification claims only when authorised by us and
strictly in accordance with requirements for reporting. Centres that do not fully
address and maintain rigorous approaches to quality assurance cannot seek

certification for individual programmes or for all Pearson BTEC Higher National
qualifications.

Centres that do not comply with remedial action plans may have their approval to
deliver qualifications removed.
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8 Recognition of Prior Learning and
attainment

Recognition of Prior Learning (RPL) is a method of assessment (leading to the award
of credit) that considers whether students can demonstrate that they can meet the
assessment requirements for a unit through knowledge, understanding or skills they
already possess, and so do not need to develop through a course of learning.

Pearson encourages Centres to recognise students’ previous achievements and
experiences whether at work, home or at leisure, as well as in the classroom. RPL
provides a route for the recognition of the achievements resulting from continuous
learning. RPL enables recognition of achievement from a range of activities using any
valid assessment methodology. Provided that the assessment requirements of a given
unit or qualification have been met, the use of RPL is acceptable for accrediting a unit,
units or a whole qualification. Evidence of learning must be valid and reliable.

For full guidance on RPL please refer to the Recognition of Prior Learning policy
document available in the support section of our website
(https://qualifications.pearson.com).

The QCF Pearson BTEC Level 4 Higher National Certificate in Applied Biology, QCF
Pearson BTEC Level 4 Higher National Certificate in Applied Chemistry, QCF Pearson
BTEC Level 4 Higher National Certificate in Biological Sciences for Industry and QCF
Pearson BTEC Level 4 Higher National Certificate in Biological Sciences for Industry
unit content mapped to the Level 4 units available in the Pearson BTEC Higher
National Applied Sciences programmes (RQF) can be found in Appendix 7 of this
programme specification.
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9 Equality and diversity

Equality and fairness are central to our work. The design of these qualifications
embeds consideration of equality and diversity as set out in the qualification
regulators’ General Conditions of Recognition. Promoting equality and diversity
involves treating everyone with equal dignity and worth, while also raising aspirations
and supporting achievement for people with diverse requirements, entitlements and
backgrounds. An inclusive environment for learning anticipates the varied
requirements of students, and aims to ensure that all students have equal access to
educational opportunities. Equality of opportunity involves enabling access for people
who have differing individual requirements as well as eliminating arbitrary and
unnecessary barriers to learning. In addition, students with and without disabilities
are offered learning opportunities that are equally accessible to them, by means of
inclusive qualification design.

Pearson’s equality policy requires all students to have equal opportunity to access our
qualifications and assessments. It also requires our qualifications to be designed and
awarded in a way that is fair to every student. We are committed to making sure that:

e Students with a protected characteristic (as defined in legislation) are not, when
they are undertaking one of our qualifications, disadvantaged in comparison to
students who do not share that characteristic.

o All students achieve the recognition they deserve from undertaking a qualification
and that this achievement can be compared fairly to the achievement of their
peers.

Pearson’s policy regarding access to its qualifications is that:

e They should be available to everyone who is capable of reaching the required
standards

e They should be free from any barriers that restrict access and progression

e There should be equal opportunities for all those wishing to access the
qualifications.
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Centres are required to recruit students to Higher National qualifications with
integrity. This will include ensuring that applicants have appropriate information and
advice about the qualifications, and that the qualification will meet their needs.
Centres will need to review the entry profile of qualifications and/or experience held
by applicants, considering whether this profile shows an ability to progress to a higher
level qualification. Centres should take appropriate steps to assess each applicant’s
potential and make a professional judgement about their ability to successfully
complete the programme of study and achieve the qualification. This assessment will
need to take account of the support available to the student within the centre during
their programme of study and any specific support that might be necessary to allow
the student to access the assessment for the qualification. Centres should consult our
policy documents on students with particular requirements.

Access to qualifications for students with disabilities or specific needs

Students taking a qualification may be assessed in a recognised regional sign
language, where it is permitted for the purpose of reasonable adjustments. Further
information on access arrangements can be found in the Joint Council for
Qualifications (JCQ) document Access Arrangements, Reasonable Adjustments and
Special Consideration for General and Vocational Qualifications. Details on how to
make adjustments for students with protected characteristics are given in the
document Pearson Supplementary Guidance for Reasonable Adjustment and Special
Consideration in Vocational Internally Assessed Units . See the support section of our
website for both documents (http://qualifications.pearson.com/).
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10 Pearson BTEC Higher Nationals in Applied
Sciences Units
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Unit 1: Fundamentals of Laboratory Techniques

Unit code A/617/5358

Unit type Core

Unit level 4

Credit value |15

Introduction

This general science laboratory techniques’ unit is designed to ensure that all students
use the same range of basic techniques, irrespective of pathway. Students will
undertake chromatography, qualitative infrared spectroscopy, titration, quantitative
spectroscopy, microscopy, aseptic technique and synthetic chemistry techniques. The
unit will allow students to develop confidence in writing laboratory reports in a
standard format and in carrying out risk assessments of practical work.

Where possible, tutors should ensure that practical activities reflect the students’
pathways. Practical work should involve laboratory method sheets in a standardised
format. The skills developed in following standard laboratory methods will be
transferable to other pathways.

Students should be encouraged to reflect on the quality of the practical work carried
out and to justify how they may improve their levels of skill. Students should be
encouraged to adopt good practice, reflective of industrial and clinical standards
when working in the laboratory. Visits to external laboratories would be useful in
highlighting best practice.
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Learning Outcomes

By the end of this unit, a student will be able to:

1 Carry out qualitative and quantitative analysis

2 Carry out synthetic chemistry techniques

3 Demonstrate use of microscopy and aseptic technique
4

Demonstrate good practice with respect to reporting, health and safety and
laboratory organisation.
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Essential Content

LO1 Carry out qualitative and quantitative analysis

Qualitative or quantitative analysis, using chromatography and relevant to the
pathway:

Basic chromatography principles in relation to technique(s) carried out: mobile
phase; stationary phase; locating agents; retention time; basis of separation, e.g.
interactions between analyte and mobile/stationary phase, polarity,
hydrophobicity, size, exclusion, ion-exchange, adsorption, partition

Examples of chromatography techniques: planar chromatography, e.g. thin layer
chromatography (TLC) and paper chromatography; column chromatography, e.g.
gas chromatography, high performance liquid chromatography (HPLC), ion-
exchange, size exclusion

Qualitative analysis: use of a standard substance/standard substances; use of
retention time

Quantitative analysis: use of a calibration curve; relation of peak area to amount
of analyte present; use of an internal standard

Quantitative analysis, using titration and spectroscopy:

Calculations involving: number of moles; molar mass; mass; concentration;
volume

Alternative ways of expressing concentration: mol dm-=3; mmol dm3; parts per
million (ppm) or mg dm3; parts per billion (ppb) or mg dm3; percentage

Preparation of solutions, using quantitative technique

Titration (as appropriate to the pathway). Examples of titration techniques: acid-
base; precipitation; complexometric; redox; titrations, using an indicating
electrode, e.g. pH; Karl Fischer

Beer-Lambert Law applications of ultraviolet-visible spectroscopy
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LO2

LO3

102

Carry out synthetic chemistry techniques

Examples of techniques that may be used in syntheses:
Reflux

Distillation

Filtration

Vacuum filtration

Recrystallisation

Solvent extraction, using a separating funnel

Use of a rotary evaporator

Examples of confirmatory techniques: boiling point; melting point; TLC; infrared
spectroscopy; spot tests for functional groups.

Examples of syntheses (list not exhaustive):
Preparation of cyclohexene from cyclohexanol
Preparation of ethyl butanoate

Preparation of antifibrin

Preparation of paracetamol.

Demonstrate use of microscopy and aseptic technique

Microscopy:

Component parts of a light microscope
Prepared tissue slides

Slide preparation

Use of a calibrated eyepiece graticule

Production of labelled drawings showing magnification.

Aseptic technique:
For a purpose, e.g. microbiology or cell culture

Minimising environmental contamination: disinfection of surfaces; good
experimental technique

Decontamination, e.g. sterilisation; autoclaving; disinfection; safe disposal of
contaminated waste.
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LO4 Demonstrate good practice with respect to reporting, health and safety
and laboratory organisation.

Reporting:

Typical report format, e.g. aim, introduction (including underpinning theory),
method/procedure (including materials used), results, discussion, conclusion

Reflection on validity of results in terms of the method used and the level of
student proficiency.

Health and safety assessments:

Globally Harmonised System of Classification and Labelling of Chemicals (GHS)
pictograms

Chemical hazards
Non-chemical hazards

Risk assessment methodology: likelihood and severity; hierarchy of control
measures; recording significant findings

Checking that the portable appliance testing (PAT) label is current.

Examples of laboratory organisation practices:

Ensuring that the workstation is in an appropriate condition for commencing
practical work

Carrying out laboratory tasks in a methodical manner, following standard
operating procedures (SOP)

Checking the condition of glassware and equipment
Handling and storing materials appropriately
Following standard practices in cleaning equipment
Disposing of waste appropriately

Restoring the workstation to an appropriate standard at the end of practical
work.
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Calibrating equipment and checking that equipment is within calibration limits as
appropriate to the task. Examples of this include:

Checking that balances are within calibration

Checking the calibration of volumetric glassware, using water as a standard
Calibration of pH meters

Calibration of Karl Fischer instruments

Construction of a calibration curve in ultraviolet visible spectroscopy

Running an infrared spectrum of a standard polymer sample to check the
position of peaks

Running chromatograms of standard substances

Checking that thermometers used to find melting points and boiling points are
calibrated correctly

Calibration of an eyepiece graticule, using a standard graduated slide.
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Learning Outcomes and Assessment Criteria

Pass ‘ Merit ‘ Distinction

LO1 Carry out qualitative and quantitative analysis

P1 Carryout a M1 Explain the theory D1 Evaluate the validity of the
chromatographic underpinning each results obtained from the
technique technique analytical techniques

P2 Carry out titration and
Beer Lambert Law
applications to determine
the concentrations of
solutions

LO2 Carry out synthetic chemistry techniques

P3 Undertake a procedure | M2 Explain the reasons for | D2 Evaluate the success of the
to synthesise and purify an | carrying out the steps in syntheses
organic liquid the syntheses

P4 Undertake a procedure
to synthesise and purify an
organic solid
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LO3 Demonstrate use of microscopy and aseptic

technique

P5 Create labelled M3 Explain the purposes LO3 and LO4

d;zgrams from tissue Or: the corgponent;teps in D3 Justify an action plan for
Sliaes the proce Er?(s)t atuse improving the level of skill
P6 Carry out practical work aseptic technique demonstrated in microscopy,
that involves the use of aseptic technique, risk
aseptic technique assessment and compliance

with standards of good practice

LO4 Demonstrate good practice with respect to )
in the laboratory

reporting, health and safety, and laboratory
organisation

P7 Report on each of the M4 Evaluate the quality of
practical exercises the practical work carried
undertaken out with respect to good
laboratory practice, health
and safety and laboratory
organisation

P8 Carry out risk
assessments for a
minimum of three of the
techniques undertaken

P9 Carry out relevant
calibration and checks on
calibration
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Recommended Resources

Textbooks

AHMED, N., GLENCROSS, H., WANG, Q. (Eds.) (2016) Biomedical Science Practice:
Experimental and Professional Skills. 2nd ed. Oxford: Oxford University Press.

BOYLE, J., RAMSAY, S. (2017) Writing for Science Students. London: Palgrave.

CHRISTIAN, G.D., DASGUPTA, P.K., SCHUG, K.A. (2013) Analytical Chemistry. 7th ed.
Hoboken, NJ: John Wiley & Sons Inc.

CRANWELL, P.B., HARWOOD, L.M., MOODY, C.J. (2017) Experimental Organic Chemistry.
Chichester: John Wiley & Sons Ltd.

DEAN, J.R., JONES, A.M., HOLMES, D., REED, R., WEYERS, J., JONES, A. (2017) Practical
Skills in Chemistry. 3rd ed. Harlow: Pearson Education Ltd.

EVANS, E.H., FOULKES, M.E. (2018) Analytical Chemistry: A Practical Approach. Oxford:
Oxford University Press.

GOLDMAN, E., GREEN, L.H. (Eds.) (2015) Practical Handbook of Microbiology. 3rd ed.
Boca Raton, FL: CRC Press.

HARRIS, D.C., CHUCK, L. (2015) Quantitative Chemical Analysis. 9th ed. New York: W. H.
Freeman and Co. Ltd.

JOHNSON, S., SCOTT, J. (2019) Study and Communication Skills for the Biosciences. 3rd
ed. Oxford: Oxford University Press.

JONES, A., REED, R., WYERS, J. (2016) Practical Skills in Biology. 6th ed. Harlow: Pearson
Education Ltd.

MCPHERSON, P. (2015) Practical Volumetric Analysis. Cambridge: The Royal Society of
Chemistry.

OVERTON, T., JOHNSON, S., SCOTT, J. (2019) Study and Communication Skills for the
Chemical Sciences. 3rd ed. Oxford: Oxford University Press.

ROBBINS, S. (2009) Science Study Skills. Basingstoke: Palgrave Macmillan.

SASTRY, A.S., BHAT, K.S. (2018) Essentials of Practical Microbiology. New Delhi: Jaypee
Brothers Medical Publishers (P) Ltd.

SKOOG, D.A., WEST, D.M., HOLLER, F.J., CROUCH, S.R. (2014) Fundamentals of Analytical
Chemistry. 9th ed. Belmont: Brooks/Cole.
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Web

microbiologicalsociety.org  Microbiological Society

hse.gov.uk Health and Safety Executive
rsb.org Royal Society of Biology
rsc.org Royal Society of Chemistry

Learn Chemistry
(General reference)

sdbs.db.aist.go.jp National Institute for Advanced Industrial Science and
Technology (AIST)

Spectral Database for Organic Compounds, SDBS

(General reference)

Links

This unit links to the following related units:

Unit 3: Regulation and Quality in the Applied Sciences
Unit 4: Cell Biology

Unit 7: Inorganic Chemistry

Unit 8: Organic Chemistry

Unit 18: Microbiological Techniques

Unit 24: Sampling and Sample Preparation

Unit 29: Biochemistry of Macromolecules and Metabolic Pathways
Unit 32: Biotechnology Techniques

Unit 33: Analytical Techniques for Forensic Science
Unit 35: Analytical Chemistry

Unit 51: Specialist Scientific Techniques and Experimentation
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Unit 2: Scientific Data Handling Approaches and
Techniques

Unit code F/617/5359
Unit type Core
Unit level 4

Credit value |15

Introduction

The data handling approaches and techniques, as well as the supporting mathematics
that is delivered in this unit, are directly applicable to the scientific sector of industry,
and will help to increase students’ knowledge of the broad underlying principles
within this discipline. The students will also develop their numerical abilities and
increase their confidence in handling data in order to create information and
knowledge.

The aim of this unit is to develop students’ skills in data handling approaches and
techniques and the underlying mathematical principles and theories that underpin
the scientific curriculum. Students will be introduced to data collection and handling
techniques, data representation, mathematical methods and statistical techniques in
order to analyse and solve problems within a scientific context.

On successful completion of this unit, students will be able to employ mathematical
methods within a variety of contextualised examples, interpret data using statistical
techniques, and use analytical and computational methods to evaluate and solve
scientific problems. Furthermore, abilities such as data collection, handling and
interpretation of data, and logical approach to problem analysis and solving, will
enhance the employability skills of the students.
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Learning Outcomes

By the end of this unit, a student will be able to:
1 Demonstrate handling of data and information to scientific standards

2 ldentify the relevance of mathematical methods to a variety of conceptualised
scientific examples

Explore raw scientific data using statistical methods

4  Solve problems using differential and integral calculus.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
110 Specification - Issue 6 - October 2022 © Pearson Education Limited 2022



Essential Content

LO1 Demonstrate handling of data and information to scientific standards

International system (SI) of units:
The basic dimensions in the physical world and the corresponding Sl base units
SI derived units with special names and symbols

SI prefixes and their representation with scientific notation.

Collecting data and information:

Collecting primary data: e.g. through measurement, observation, interrogation,
participation

Collecting secondary data: e.g. data published in books, journals, newspapers,
magazines, online portals

Quantitative data collection: based on mathematical calculations in various
formats; on hard facts; objective

Qualitative data collection: based on opinions, perspectives, feelings; subjective.

Interpreting data:
Classification and categorisation of data
Summarising quantitative and qualitative data with appropriate software

Test procedures for physical (destructive and non-destructive) tests and
statistical tests that might be used in gathering information.

Presenting data:

Considerations: target audience; appropriateness of media used; clarity of
information; communication of work carried out

Using presentation software to present data to an audience
Displaying data: e.g. using tables; graphs/charts; bullet points

Graphical methods: linear axes; non-linear axes, e.g. logarithmic, exponential;
curve fitting; error bars; linear regression, e.g. least squares method

Graphical representations: e.g. indicators, line charts, bar charts, column charts,
pie charts, area charts, frequency polygons, pivot tables, scatter charts, ogives,
histograms, bubble charts, treemaps, polar charts, funnel charts,
Fisheye/Cartesian Distortion.
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LO2 Identify the relevance of mathematical methods to a variety of
conceptualised scientific examples

Algebraic methods:
BODMAS

Equations: transposing of equations; linear equations; simultaneous linear
equations; quadratic equations; roots of quadratic equations

The law of straight line; coordinates; identifying regions
Multiplying algebraic expressions; factors; fractions

Functions: quadratic, exponential, logarithmic, circular and hyperbolic.

Trigonometry:

Trigonometric ratios; relations between them
Ratios of angles in the second quadrant
Trigonometric identities

Relations between the sides and angles of a triangle

Circular measures.

Mathematical concepts:
Dimensional analysis

Arithmetic and geometric progressions.

Errors in data:

Classification of sources of errors, e.g. random, systematic, gross; difference
between accuracy and precision; handling errors in data processing, e.g.
absolute, relative, compound.
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LO3 Explore raw scientific data using statistical methods

Handling data using statistical methods:

Differences between qualitative and quantitative raw data analysis

Descriptive statistics:
Measures of central tendency (e.g. mean, median)
Measures of variability (e.g. range, standard deviation)

Application to scientific data (e.g. finding tendencies, measuring variability in
processes outputs).

Inferential statistics:
The difference between sample and population

Different sampling techniques and methods.

Measuring association:
Use of scatter plots, correlation and regression analysis, simple forecasting
Association between variables and outputs in applications of science

Evaluating use of software, such as Excel, SAS and SPSS, to perform raw data
analysis

Applying the appropriate methods and tools for evaluation of raw data.

LO4 Solve problems using differential and integral calculus

Differential calculus:
Introduction to methods for differentiating mathematical functions
The use of stationary points to determine maxima and minima

Using differentiation to assess the rate of change in a quantity.

Integral calculus:
Introducing definite and indefinite integration for known functions
Using integration to determine the area under a curve

Formulating models of exponential growth and decay, using integration
methods.
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Learning Outcomes and Assessment Criteria

Pass

Merit ‘ Distinction

LO1 Demonstrate handling of data and information to
scientific standards

P1 Describe Sl units and M1 Explain the impacton | D1 Present an analysis of
prefix notation the visual clarity of data if | scientific data using both
inappropriate graphs are computational and qualitative

P2 Examine the collection
and handling of
quantitative and
qualitative data with
appropriate graphical
representations

used with appropriate methods
examples

LO2 Identify the relevance of mathematical methods to
a variety of conceptualised scientific examples

P3 Construct graphs for M2 Illustrate the use of D2 Justify why logarithms are
quadratic, exponential, mathematical functions in | highly regarded in science giving
logarithmic and circular applied science by the use | real world examples in the
functions of examples process

P4 Determine and
interpret solutions of
functional equations to
scientific examples
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Pass

Merit

LO3 Explore raw scientific data using statistical methods

P5 Assess qualitative and
quantitative raw scientific
data from a range of
examples using
appropriate statistical
methods

P6 Assess the use of
appropriate statistical
methods supported by
specific scientific examples

M3 Evaluate the
differences in application
between descriptive
statistics, inferential
statistics and measuring
association

‘ Distinction

D3 Make valid
recommendations and

judgements for improving data
handling and evaluation through

the application of statistical
methods

LO4 Solve problems using differential and integral

calculus

P7 Solve practical
problems by using
differential calculus and by
determining rate of change
graphically

P8 Use integral calculus to
solve practical problems

M4 Analyse the nature of
stationary points on the
graphs of functions by
using first and second
derivatives

D4 Research applications of
calculus to real world scientific
problems
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Recommended Resources

Textbooks

AITKEN, M., BROADHURST, B., HLADKY, S. (2009) Mathematics for Biological Scientists.
New York: Garland Science (Taylor & Francis Group).

FRANCIS, P.G. (2013) Mathematics for Chemists. New York: Springer.

HOLMES, S., HUBER, W. (2019) Modern Statistics for Modern Biology. Cambridge:
Cambridge University Press.

MONK, P., MUNRO, L.J. (2010) Maths for Chemistry: A Chemist's Toolkit of Calculations.
2nd ed. Oxford: Oxford University Press.

MOORE, D.S., MCCABE, G.P., CRAIG, B.A. (2017) Introduction to the Practice of Statistics.
9th ed. New York: W.H. Freeman (Macmillan Publishers).

SINGH, K. (2011) Engineering Mathematics Through Applications. 2nd ed. Basingstoke:
Palgrave Macmillan.

STEINER, E. (2008) The Chemistry Maths Book. 2nd ed. New York: Oxford University Press
USA.

STROUD, K.A. (2009) Foundation Mathematics. Basingstoke: Palgrave Macmillan.

STROUD, K.A., BOOTH, D.J. (2013) Engineering Mathematics. 7th ed. Basingstoke:
Palgrave Macmillan.

Web

mathcentre.ac.uk Mathcentre
(Tutorials)

mathtutor.ac.uk Mathtutor
(Tutorials)

Links

This unit links to the following related units:

Unit 1: Fundamentals of Laboratory Techniques

Unit 5: Fundamentals of Chemistry

Unit 14: Food Technology

Unit 21: Criminal Investigation

Unit 26: Managing Scientific Projects

Unit 27: Analysis of Scientific Data and Information

Unit 28: Applied Sciences Research Project

Unit 33: Analytical Techniques for Forensic Science

Unit 51: Specialist Scientific Techniques and Experimentation
Unit 59: Genetic Analysis
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Unit 3: Regulation and Quality in the Applied
Sciences (Pearson-set)

Unit code T/617/5360

Unit type Core

Unit level 4

Credit value |15

Introduction

All employees, including apprentices, must recognise the importance of regulation
and quality in their organisation. This unit allows students to investigate legislative
compliance, external regulatory bodies, internal regulatory and quality management
systems and international standards.

All organisations must comply with relevant health and safety, environmental
legislation and other legislation specific to the sectors in which they operate. The task
of complying with legislation may be large and complex for some sectors and
relatively straightforward for others. For example, complying with environmental
legislation may be as simple as disposing of waste appropriately for some
organisations whereas for others there may also be permits and consents to consider.
The Health and Safety Executive and the Environment Agency are likely to be the main
external regulators for many organisations.

Some organisations, for example pharmaceutical manufacturers, are audited
regularly by other external agencies such as the Medicines and Healthcare products
Regulatory Agency (MHRA) to ensure that they are following their stated procedures,
and to ensure that the planned methodologies ensure patient safety. Laboratories
that carry out tests on customers’ samples (for example for the food, water and oil
industries, or for forensic analysis or in pathology labs) may choose to gain
accreditation with the external bodies such as the United Kingdom Accreditation
Service (UKAS). UKAS audits these laboratories and having UKAS accreditation can
help them present a good image to their customers.
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There are various standards related to quality management systems and being
accredited to a standard is a way of demonstrating that the quality management
system is fit for purpose. Implementing a quality management system will involve an
organisation having internal regulation. That is likely to include use of management
systems including a system for recording information. In some cases, organisations
will be implementing good documentation practice (GDP) and/or good laboratory
practice (GLP). The cycle of audit and implementing resulting actions is an example of
a continuous improvement cycle. Generally all employees are likely to be involved in
continuous improvement.

Tutors should tailor programmes towards the pathway studied and workplace
activities of the students. Specific legislation covered must be recent and specific to
the country, in which the student is based (even within the United Kingdom, specific
pieces of legislation may only be specific to a country). Appropriate case studies must
be used to provide examples of regulation and quality issues to support learning.

The unit is assessed by a Pearson-set assignment. Students will focus on a theme provided

by Pearson (this will change annually) that also relates to their specialist pathway of study.
This will enable students to explore and examine the handling of relevant and current data
within their field of study.
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Learning Outcomes

By the end of this unit, a student will be able to:

1 Review health, safety, environmental and other legislation relevant to a particular
sector or pathway

2 Analyse how a specific sector is externally regulated

3 lllustrate the links between quality standards, continuous improvement cycles
and quality systems

4  Explore internal regulation and relevant responsibilities of individuals in relation
to a particular sector or pathway.
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Essential Content

LO1 Review health, safety, environmental and other legislation relevant to a
particular sector or pathway

Specific and current health and safety legislation relevant to the context and country.
For example, in the UK:

Health and Safety at Work Act (1974)

Management of Health and Safety at Work Regulations (1999)

Health and Safety (Display Screen Equipment) Regulations 1992 (amended 2002)
Control of Substances Hazardous to Health (COSHH) Regulations (2014)

Reporting of Injuries, Diseases and Dangerous Occurrences Regulations (2013)
(RIDDOR 2013)

Control of Major Accident Hazards (COMAH) Regulations (2015)
Dangerous Substances and Explosive Atmosphere Regulations (DSEAR) (2002).

Consequences of health and safety legislation, e.g.:
Risk assessment methodology
COSHH assessment

Risk control measures: e.g. safe systems of work, extraction, safety cabinets,
personal protective equipment

Duties of employers and employees.

Current environmental legislation relevant to the context and country:
For example, in the UK:

Environmental Protection Act (1990)

Environment Act (1995)

Water Industry Act (1991)

Water Act (2014)

Environmental Permitting (England and Wales) Regulations (2016).
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LO2

Examples of environmental topics that may be relevant to the workplace:
Disposal of waste

Hazardous waste

Emissions

Discharges to controlled waters

Discharges to sewers

Contaminated land

Packaging waste.

Examples of other topics to consider:

Registration, Evaluation, Authorisation and Restriction of CHemicals (REACH)

CLP Regulation
Consumer rights
Nitrate Vulnerable Zones

Fisheries.

Analyse how a specific sector is externally regulated

Regulators relevant to the context and country:

For example, in the UK:

Health and Safety Executive (HSE)

Environment Agency (EA)

Water treatment companies

Food and Drugs Agency (FDA)

Medicines and Healthcare products Regulatory Agency (MHRA)
European Food Standards Agency (EFSA)

United Kingdom Accreditation Service (UKAS).

Benefits of regulation relevant to the context and country:
For example, in the UK:

Legal compliance (e.g. health, safety and environmental) - mandatory

Unable to sell products without proven regulation by an external body (e.g.

FDA/MHRA/EFSA)

Customer confidence from accreditation by an external body (UKAS).
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Consequences of external regulation, e.g.:
Documented and systems of work
Internal regulation

Customer, stakeholder, employee confidence in the organisation.

LO3 lllustrate the links between quality standards, continuous improvement
cycles and quality systems

Relevant quality standards, e.g.:
ISO 9001 - requirements for a quality management system (QMS)
ISO 14001 - requirements for an environmental management system (EMS)

ISO 45001 - requirements for an occupational health and safety (OH&S)
management system — will be replacing British Standard OHSAS 18001

ISO 17025 - requirements for a laboratory quality management system

ISO 15189 - requirements for a medical quality management system.

Elements of a quality system, e.g.:

Quality objectives

Quality manual

Organisational structure and responsibilities
Documentation

Data management

Processes

Product quality or quality of results for testing laboratories
Audit

Continuous improvement including Corrective And Preventive Action (CAPA).

Continuous improvement cycles e.g.:

Audit - triangulate observation/documentation/interviews
|dentify actions and prioritise

Implement actions

Re-audit and further cycles.
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LO4 Explore internal regulation and relevant responsibilities of individuals in
relation to a particular sector or pathway.

An organisation’s own regulatory systems may include:

Policies

Key performance indicators
Allocation of responsibilities
Documentation systems

Good documentation practice (GDP)
Standard procedures

Good laboratory practice (GLP)
Staff handbooks and guidelines
Training

Self-directed learning
Appraisal

Audit/self-assessment/risk assessment (in a wide context rather than in relation
to health and safety).

Examples of responsibilities of individuals in relation to internal regulation:

Responsible for own actions

Taking part in audits

Undertaking required training and self-directed learning
ldentifying own training needs

Undertaking continuous improvement projects

Taking part in 5S activities

Involvement in six sigma

Following GLP, GMP, GDP practices

|dentifying procedures that could be updated
|dentifying unsafe acts and near misses

Identifying incidents where product quality may be compromised
Working safely

Disposing of waste correctly

Keeping the workplace tidy

Informing contractors of expected standards

Attending meetings associated with work role

Taking part in shift hand over procedures.
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Learning Outcomes and Assessment Criteria

Pass

Merit ‘ Distinction

LO1 Review health, safety, environmental and other
legislation relevant to a particular sector or pathway

P1 Identify the legislation M1 Explain why the LO1 and LO2
relevant to the selected legislation identified is
sector or pathway relevant to the sector or
pathway

D1 Evaluate the level of
regulation within the selected
P2 Outline actions that an sector/pathway in comparison
organisation and its to other sectors/pathways
employees must take in
order to comply with the
identified legislation

LO2 Analyse how a specific sector is externally regulated

P3 Analyse how relevant M2 Differentiate between
bodies carry out external external regulation in
regulation in a specific relation to compliance with
sector legislation and in relation

P4 Analyse the impact of to customer confidence

external regulation on the
roles of a range of
individuals in a specific
sector and on the
organisation as a whole
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Pass

Merit

LO3 lllustrate the links between quality standards,
continuous improvement cycles and quality systems

P5 Describe the benefits of
accreditation against a
quality standard for a
particular organisation

P6 Using suitable
examples, show how
maintaining accreditation
against a quality standard
involves quality systems
and continuous
improvement

M3 Analyse whether it is
possible to implement a
quality system and engage
in continuous
improvement without
accreditation to a quality
standard

sector or pathway

LO4 Explore internal regulation and relevant
responsibilities of individuals in relation to a particular

P7 Describe how an
organisation carries out
internal regulation of its
activities

P8 Describe examples of
actions taken by an
individual in an
organisation in relation to
internal regulation

M4 Explain how internal
regulatory systems relate
to external regulation

‘ Distinction

LO3 and LO4

D2 Evaluate how internal
regulatory systems are, or may
be, continuously improved for a
specific organisation
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Recommended Resources

Textbooks

AHMED, N., GLENCROSS, H., WANG, Q. (Eds.) (2016) Biomedical Science Practice:
Experimental and Professional Skills. 2nd ed. Oxford: Oxford University Press.

BELL, S., MCGILLIVRAY, D., PEDERSEN, O.W., LEES, E., STOKES, E. (2017) Environmental
Law. 9th ed. Oxford: Oxford University Press.

BLOKDYK, G. (2018) Good Laboratory Practice. 3rd ed. Australia: Emereo Pty Limited.
BOYLE, T. (2017) Health and Safety: Risk Management. Abingdon: Routledge.

CATALANO, T. (2014) Good Laboratory Practices for Forensic Chemistry (Springer Briefs in
Pharmaceutical Science and Drug Development). New York: Springer Cham Heidelberg.

DOYLE, S. (2018) Quality Management in Forensic Science. Amsterdam: Elsevier Science.

FLOYD, R.C. (2010) Liquid Lean: Developing Lean Culture in the Process Industries. Boca
Raton, FL: CRC.

FUNK, W., DAMMANN, V. (2007) Quality Assurance in Analytical Chemistry: Applications in
Environmental, Food and Materials Analysis, and Medical Engineering. 2nd ed. Weinheim:
WILEY-VCH Verlag GmbH & Co KGaA.

HIRANO, H. (1996) 5S for Operators: 5 Pillars of the Visual Workplace (The Shopfloor
Series). Portland, OR: The Productivity Press.

HUGHES, P., FERRETT, E. (2015) Introduction to Health and Safety at Work: for the
NEBOSH National General Certificate in Occupational Health and Safety. 6th ed.
Abingdon: Routledge.

HYDE, P., REEVE, P. (2015) Essentials of Environmental Management. 4th ed. Wigston:
IOSH Services Ltd.

INSPECTION, ENFORCEMENT AND STANDARDS DIVISION, MEDICINES AND
HEALTHCARE PRODUCTS REGULATORY AGENCY (MHRA) (2017) Rules and Guidance for
Pharmaceutical Manufacturers and Distributors 2017 (Orange Guide). London:
Pharmaceutical Press.

MOLLAH, A.H., LONG, M., BASEMAN, H. (2013) Risk Management Applications in
Pharmaceutical and Biopharmaceutical Manufacturing. Hoboken, NJ: John Wiley & Sons
Inc.

OAKLAND, J.S. (2014) Total Quality Management and Operational Excellence: Text with
Cases. 4th ed. Abingdon: Routledge.

OSARO, E., ADIAS, T.C. (2012) Laboratory Total Quality Management for Practitioners and
Students of Medical Laboratory Science. Bloomington: AuthorHouse.
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PRICHARD, E., BARWICK, V. (2007) Quality Assurance in Analytical Chemistry. Chichester:
John Wiley & Sons Ltd.

SANDLE, T. (2016) Pharmaceutical Microbiology: Essentials for Quality Assurance and
Quality Control. Cambridge: Woodhead Publishing Ltd.

SCOTCHMER, A. (2008) 5S Kaizen in 90 Minutes. Oxford: Management Books 2000 Ltd.

WATERS, B. (2013) Introduction to Environmental Management For the NEBOSH National
Certificate in Environmental Management. Abingdon: Routledge.

WENCLAWIAK, B.W., KOCH, M. (2013) Quality Assurance in Analytical Chemistry: Training
and Teaching. Heidelberg: Springer-Verlag.

WORLD HEALTH ORGANIZATION (2011) Laboratory Quality Management System:
Handbook. Geneva: World Health Organization.

Web
fda.gov US Food and Drug Administration
(General reference)
gov.uk UK Government
Environmental Management
(General reference)
gov.wales Welsh Government
Environment Protection and Quality
(General reference)
hse.gov.uk Health and Safety Regulation
(General reference)
iso.org International Organization for Standardization
(General reference)
netregs.org.uk Environmental regulation with respect to Scotland and
Northern Ireland
(General reference)
UKAS.com United Kingdom Accreditation Service

(General reference)
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Links

This unit links to the following related units:

Unit 1: Fundamentals of Laboratory Techniques

Unit 19: Managing Food Preparation and Production Systems
Unit 25: Personal and Professional Development for Scientists
Unit 39: Environmental Monitoring and Analysis

Unit 40: Water and Wastewater Management

Unit 52: Drug Development for Production

Unit 53: Industrial Microbiology

Unit 61: Science Laboratory Management

Unit 62: Organisations and Change Management
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Unit 4: Cell Biology

Unit code A/617/5361

Unit level 4

Credit value |15

Introduction

The cell is the fundamental unit of life. All living things are cells or are composed of
cells. Groups of cells can become organized and function as multicellular organisms.
All cells arise from pre-existing cells. Cells contain the hereditary information, DNA,
which they pass from generation to generation during cell division. Because all cells
come from pre-existing cells, scientists can study cells to learn about growth,
reproduction and all other functions that living cells perform. A cell is a chemical
system that is able to maintain its structure. All biochemical processes are carried out
by cells. Understanding the cell and the role and function of the cell in a multicellular
organism is of fundamental importance in understanding biology and its related
disciplines.

This unit will enable students to develop an appreciation of the cell as the basic unit of
life. Students will become familiar with the structure and function of the organelles of
the cell. Familiarity with the internal structure of the cell will be enhanced through the
use of microscopy and electron micrographs. The importance of the cell membrane in
controlling the internal environment of the cell will be emphasised. DNA and RNA will
be introduced, and the ways they are stored in the cell, as well as the relationship
between them, will also be discussed.

Students will examine the life cycle of a cell and how a cell divides. They will develop
knowledge of how the hereditary information is passed on during cell division. The
unit will also enable the students to develop an understanding of the processes of
gamete formation that make embryos genetically unique. Students will also learn how
a single zygote divides and how its daughter cells arrange themselves, in order to start
the process of becoming multicellular organisms.
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Learning Outcomes

By the end of this unit, a student will be able to:

1 Describe the structural and functional features of eukaryotic cells
2 Describe the organisation of DNA and RNA in eukaryotic cells

3 Explain the events of the cell cycle, mitosis and meiosis
4

Explain how cleavage and gastrulation result in germ layer formation.
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Essential Content

LO1 Describe the structural and functional features of eukaryotic cells

Structural features of plant and animal cells and their associated organelles:

Function of the cell organelles:
Plant cells (cell wall, vacuole, chloroplast)

Animal cells (cytoplasm, nucleus, endoplasmic reticulum, golgi apparatus,
mitochondria, lysosomes, peroxisomes)

Lipid bilayers

Cell membrane

Vesicles

Microtubules, microfilaments, intermediate filaments
Preparation of slides of plant and animal cells
Examination of electron micrographs of cell organelles.
Nucleus

Endoplasmic reticulum

Golgi apparatus

Mitochondria

Chloroplast

Lysosomes

Peroxisomes

Vacuole

Fluidity of lipid bilayers

Function of the cell membrane in maintaining the internal environment of the
cell

Transport across the cell membrane.
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LO2 Describe the organisation of DNA and RNA in eukaryotic cells

Outline structures of DNA and RNA (use the letters A, G, C, T and U to denote nitrogen
bases):

Detailed chemical structures of nucleotides, riboses, purines and pyrimidines
Uracil in RNA

The phosphodiester linkage

Base pairing

The structure of the DNA double helix.

Ways that DNA and RNA are stored within the cell:
Histones

Chromosomes

The nucleus

The nucleolus

Ribosomal RNA

Messenger RNA

Transfer RNA.

LO3 Explain the events of the cell cycle, mitosis and meiosis

Events of the cell cycle and its control:
Diagram of the cell cycle

Generation time

G1 phase, S phase, G2 phase, GO phase
Cyclin dependent protein kinases
Cyclin B

Mitosis promoting factor
Phosphorylation

Cyclin B degradation.
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Mitosis and Meiosis:

Homologous chromosomes and their origin
Diploid and haploid

Kinetochores

Stages of mitosis

Cytokinesis

Stages of meiosis

Crossing over

Why only one egg is produced for every cell that enters meiosis.

LO4 Explain how cleavage and gastrulation result in germ layer formation.

Determining the pattern of cleavage by the amount of yolk in the embryo:
Zygote, blastomeres, morula, blastula
Holoblastic cleavage

Meroblastic cleavage, to include the reptilian embryo and the blastodisc of
the chick

Human blastocyst (trophoblast and inner cell mass).

Gastrulation process of the seastar, amphibian chick and human:
Ectoderm, Mesoderm and Endoderm

Blastula, Blastocoel, Gastrula, Archenteron, chorda, Neural Plate
Gastrulation of the sea star

Gastrulation of the amphibian

Gastrulation of the chick embryo (epiblast, hypoblast, primitive streak, primitive
groove, formation of a trilaminar disk, extraembryonic membranes)

Gastrulation of the human (inner cell mass, bilaminar disk, epiblast, hypoblast,
primitive streak, node, formation of a trilaminar disk, development of the
placenta).
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Learning Outcomes and Assessment Criteria

Pass

eukaryotic cells

Merit

LO1 Describe the structural and functional features of

‘ Distinction

P1 Describe the structural
features of plant and
animal cells and their
associated organelles

P2 Explain the function of
cell organelles and
membranes

M1 Discuss how the
organelles of the
endomembrane system
work together to
manufacture, modify and
release proteins from the
cell

D1 Analyse the similarities and
differences between pinocytosis,
phagocytosis receptor mediated
endocytosis and exocytosis

eukaryotic cells

LO2 Describe the organisation of DNA and RNA in

P3 Describe the structure
of DNA and RNA

P4 Explain how DNA and
RNA are stored within the
cell

M2 lllustrate how the
information stored in DNA
is used as a template to
synthesise mRNA

LO2 and LO3

D2 Analyse the processes that
ensure the DNA contained in the
nucleus of the cells of an
embryo diversifies from the DNA

meiosis

LO3 Explain the events of the cell cycle, mitosis and

contained in the nuclei of the
somatic cells of its parents

P5 Explain the events of
the cell cycle and how it is
controlled

P6 Describe the processes
of mitosis and meiosis

M3 Compare and contrast
the processes of mitosis
and meiosis

134
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Pass

Merit

LO4 Explain how cleavage and gastrulation result in

germ layer formation

P7 Explain how the
amount of yolk in the
embryo determines the
pattern of cleavage

P8 Describe the
gastrulation process of the
sea star, amphibian, chick
and human

M4 lllustrate the
similarities in gastrulation
between a chick and a
human

‘ Distinction

D3 Evaluate the significance of
the gastrulation process in
tissue formation
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Recommended Resources

Textbooks

ALBERTS, B., HOPKIN, K., JOHNSON, A.D., MORGAN, D., RAFF, M., ROBERTS, K.,
WALTER, P. (2018) Essential Cell Biology. 5th ed. New York: W.W. Norton and Co.

ALBERTS, B., JOHNSON, A.D., LEWIS, J., MORGAN, D., RAFF, M., ROBERTS, K., WALTER,
P. (2015) Molecular Biology of the Cell. 6th ed. New York: Garland Science (Taylor &

Francis Group).

KHANNA, D.R. (2004) Textbook of Embryology. Delhi: Discovery Publishing House.
PLOPPER, G. (2014) Principles of Cell Biology. 2nd ed. Burlington, MA: Jones and Bartlett

Learning.

SOLOMON, E., MARTIN, C., MARTIN, D., BERG, L. (2018) Biology. 11th ed. Boston, MA:

Cengage Learning Inc.

Web
biology.kenyon.edu

biology-pages.info

embryology.med.unsw.edu.au

hhmi.org

khanacademy.org

www?2.le.ac.uk
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Kenyon College

Gastrulation

(General reference)

Kimball's Biology Pages

(General reference)

UNSW Sydney

Dr Mark Hill - Cleavage and Gastrulation
(General reference)

Howard Hughes Medical Institute
(General reference)

Khan Academy

Cell Organelles and Structure
(Tutorials)

University of Leicester

Cell Cycle, Mitosis and Meiosis

(General reference)
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Links

This unit links to the following related units:

Unit 1: Fundamentals of Laboratory Techniques

Unit 6: Anatomy and Human Physiology

Unit 11: Physiological Adaptation of Plants to Environmental Changes

Unit 17: Fundamentals of Biochemistry
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Unit 5: Fundamentals of Chemistry

Unit code F/617/5362

Unit level 4

Credit value |15

Introduction

Chemistry is the study of the structure and composition of materials and how and
why substances change to form new substances. An understanding of the
fundamentals of chemistry is an essential component of biological units such as
biochemistry, pharmacology, food science, environmental science and materials
science.

The aim of this unit is to introduce some of the key concepts that underpin units such
as those named above. It uses a theoretical and practical approach focusing on
bonding, oxidation and reduction, and acid and base titrations, calculations of
thermodynamic quantities and organic chemistry.

On completion of this unit, students will be able to apply their knowledge to bonding
in biomolecules, quantitative calculations, energy changes in fuels and foodstuffs and
synthesis of organic compounds.

Where possible, practical work should be encouraged and used to support theoretical
aspects covered by the Essential Content.
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Learning Outcomes

By the end of this unit, a student will be able to:

1

2
3
4

Explain the structure and properties of matter
Explain theoretical and practical aspects of titrations
Describe how thermodynamic quantities affect chemical reactions

Explore the reactions and synthesis of the homologous series of organic
compounds.
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Essential Content

LO1

LO2

140

Explain the structure and properties of matter

Atomic structure and electronic configuration:

Atomic number, mass number, the periodic table and electronic configuration.

lonic, covalent and metallic bonding:

Formation and characteristics of ionic, polar, covalent, polar covalent and
metallic compounds, chemical formulae, balancing equations.

Intermolecular forces:

Effects of Van der Waals forces, dipole-dipole forces and hydrogen bonding on
boiling points.

lonisation energies and reactivity:

Trends in electronegativity and ionisation energy in the periodic table and effects
on reactivity.

Water:

Electronegativity of oxygen; polar covalent bonding; hydrogen bonding;
Properties e.g. high boiling point, large range of temperature at which water is
liquid, high surface tension, ability to dissolve many ionic compounds and
organic polar molecules etc.

Explain theoretical and practical aspects of titrations

Quantitative calculations:

Mass, molar mass, moles, molarity and dilutions.

Acids and bases:

Bronsted-Lowry theory of acids and bases, conjugate acids and bases, weak
acids and bases and equilibria, calculation of pH of acids and bases, indicators.

Oxidation numbers in redox reactions:

Apply oxidation numbers to chemical formulae, chemical equations and
biological macromolecules.
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LO3

Titrations:

Primary standards and preparation of titration solutions, acid-base and redox
titrations.

Describe how thermodynamic quantities affect chemical reactions

Enthalpy:

Exothermic and endothermic reactions, bond making and breaking, reaction
profile, standard enthalpy changes (AH®), enthalpy of combustion, bond energy,
enthalpy of neutralisation, enthalpy of formation, other types of enthalpy, e.g.
enthalpy of dissociation, hydration, solution, Hess'’s Law, thermodynamic tables.

Entropy and Gibbs energy:

Standard entropy changes (AS®), standard change in Gibbs energy (AG®),
relationship between AH®, AS® and AG® (AG® = AH® + TAS®), spontaneous and non-
spontaneous reactions, exorgonic and endergonic reactions, thermodynamic
tables.

Standard reduction potentials:

Simple metal ion/metal half cells; half cells with a redox couple in solution and a
platinum electrode; biological examples of redox half cells e.g. NAD*/NADH,;
calculation of E®.i; sign and magnitude of E.i as a predictor of feasibility of
reactions.

Features of equilibrium:

Rate of forward reaction = rate of reverse reaction; sign of AH for forward and reverse
reactions; dynamic nature of equilibrium; constant concentration of reactants and
products at equilibrium; equilibrium constant, K; AG® = -RTInK ; examples of
equilibrium processes; drive to reach equilibrium e.g. osmosis; equilibrium condition
AG = 0; use of the size and sign of AH® and AS® to predict AH and AS hence estimate
the temperature, at which it may be in equilibrium

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022 141



LO4 Explore the reactions and synthesis of the homologous series of organic
compounds.

Classes of organic compounds:

Alkanes, alkenes, alkynes, alcohols, benzene, halogenoalkanes, aldehydes,
ketones, carboxylic acids, esters, amines, amides.

Representation of organic compounds:

Graphical formula; displayed and shortened structural formula; molecular
formula; skeletal formula; functional groups.

Names of organic compounds:

International Union of Pure and Applied Chemistry (IUPAC) system

Main reactions of organic compounds:

alkanes e.g. combustion and free radical substitution;

alkenes, addition of e.g. Brz, HBr, Hz, H20

alcohols e.g. oxidation of primary, secondary and tertiary alcohols, esterification;
halogenoalkanes e.g. substitution;

carboxylic acids e.g. reaction with base, esterification;

esters e.g. hydrolysis to alcohol and acid;

amines e.g. as bases

Biochemical molecules:
Fats

Amino acids

Proteins
Carbohydrates

Steroids

Isomerism

Structural isomers (chain, positional, functional group); geometric (cis/trans)
isomers; optical isomers.
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Learning Outcomes and Assessment Criteria

Pass

Merit

LO1 Explain the structure and properties of matter

‘ Distinction

P1 Describe the electronic
configurations of the first
thirty elements of the
periodic table and trends
in first ionisation energy,
atomic radius, melting
point and boiling point in
the periodic table

P2 Explain how the
bonding in simple
compounds may be
predicted and how that
bonding determines
physical properties of the
compound

M1 Explain why the
intramolecular and
intermolecular bonding in
water makes it important
in biological systems

D1 Analyse the role that
intermolecular and

biological macromolecules

intramolecular bonding plays in
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Pass ‘ Merit ‘ Distinction

LO2 Explain theoretical and practical aspects of
titrations

P3 Describe the Bronsted | M2 Calculate the masses D2 Analyse the changes in pH
Lowry theory of acids and | and volumes of solutions | that occur during an acid base

bases and calculate the pH [ needed to make up a titration.
of strong and weak acids, range of solutions and

alkalis and buffer dilutions.

solutions.

P4 Apply oxidation

numbers to chemical
formulae and equations to
identify redox reactions

P5 Carry out and report on
an acid base titration and a
redox titration, including
providing equations that
explain the bases of the
titrations
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Pass

chemical reactions

‘ Merit

LO3 Describe how thermodynamic quantities affect

‘ Distinction

P6 Calculate standard
changes in enthalpy,
entropy and Gibb’s energy
in order to predict the
feasibility of reactions
under standard conditions.

P7 Construct oxidation,
reduction and redox
equations and calculate
E%en for couples of half
cells in order to predict the
feasibility of reactions

P8 Explain the features of
typical equilibrium
reactions

M3 Justify a prediction of
the feasibility of a range of
reactions at different
temperatures, taking
relevant assumptions into
consideration

LO3 and LO4

D3 Compare the
thermodynamics of combustion
reactions with esterification and
ester hydrolysis reactions.

LO4 Explore the reactions and synthesis of the
homologous series of organic compounds

P9 Carry out an exercise in
relating names of organic
compounds, including
isomers, to structural
representations and vice
versa

P10 Describe, typical
reactions of a range of
classes of organic
compounds, using suitable
examples

M4 Analyse the optical
properties and acid/base
character of a range of
amino acids
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Recommended Resources

Textbooks

BROWN, C., FORD, M. (2018) Chemistry: Higher Level for the IB Diploma. 2nd ed. Harlow:
Pearson Education Ltd.

BROWN, T.E., LEMAY, H.E., BURSTEN, B.E., MURPHY, C., WOODWARD, P., STOLZFUS, M.
(2017) Chemistry: The Central Science. 14th ed. Harlow: Pearson Education Ltd.

DEAN, J.,, HOLMES, D.A., JONES, A.M., JONES, A., WEYERS, J., REED, R. (2017) Practical
Skills in Chemistry. 3rd ed. Harlow: Pearson Education Ltd.

HENRY, N. (2017) AQA AS/A-Level Student Guide: Practical Chemistry. Abingdon: Hodder
Education.

TIMBERLAKE, K.C. (2017) Chemistry: An Introduction to General, Organic, and Biological
Chemistry. 13th ed. New York: Pearson Education Ltd.

TRO, N.J. (2016) Chemistry: A Molecular Approach. 4th ed. Harlow: Pearson Education
Ltd.

Web
chem.libretexts.org LibreTexts
Chemistry
(General reference)
khanacademy.org Khan Academy
Chemistry
(Tutorials)
rsc.org Royal Society of Chemistry
Experimentation Hub
(General reference)
Links

This unit links to the following related units:

Unit 1: Fundamentals of Laboratory Techniques

Unit 10: Principles of Ecology and their Applications

Unit 13: Human Health and Nutrition

Unit 15: Introduction to Polymer Materials and Properties

Unit 29: Biochemistry of Macromolecules and Metabolic Pathways

Unit 35: Analytical Chemistry
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Unit 6: Anatomy and Human Physiology

Unit code J/617/5363

Unit level 4

Credit value |15

Introduction

The aim of this unit is to develop knowledge of the anatomy and biological systems of
the human body and how they function. Analysis of the interrelationships between
these systems and knowledge of the parameters of normal biological functioning are
essential to any person involved in the field of biological sciences.

The unit looks at the structure and functioning of the biological systems of the human
body, highlighting the role they play in the maintenance of human life. Students will
study the systems with themes running through them: the muscular, nervous and
skeletal systems and how they interact to create monitor and control movement; the
lymphatic and cardiovascular systems and their involvement with the transportation
of essential nutrients and waste; respiratory, digestive and urinary systems and
evaluation of the efficacy of how these interact to provide raw materials for
metabolism, absorb nutrients and rid the body of waste; male and female
reproduction and management of reproduction.

On completion of the unit, the student will hold sufficient knowledge of human
biological systems to understand the management of human health and normal
biological function. They will be able to apply this knowledge to a range of scenarios
within the field of biological science.
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Learning Outcomes

By the end of this unit, a student will be able to:

1 Describe how the muscular and skeletal systems interact with one another to
provide support and create movement

2  Explain the control systems of the human body

3 Describe the structure, function and interrelationship between the systems that
obtain raw materials for metabolism, absorb and transport nutrients and rid the
body of wastes

4 Explain the process and management of human reproduction.
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Essential Content

LO1

LO2

Describe how the muscular and skeletal systems interact with one another
to provide support and create movement

Movement:

Structure and function of skeletal, smooth and cardiac muscle
Process of muscle contraction; sliding filament theory

Role of skeletal muscles in creating movement

Structure and function of tendons and ligaments

Common injuries resulting from movement.

Support:

Structure and functions of the human skeletal system
Composition of bone tissue, bone metabolism

Types of bone, structure and functions

Bone growth

Types of joint: synarthrosis (fibrous), amphiarthrosis (cartilaginous), diarthrosis
(synovial)

Anatomy of the joint

Range of movement of joints.

Explain the control systems of the human body

Nervous system:

Structure and functions of neurons and neuroglia: dendrites, axon, cell body,
Schwann cells, astrocytes, microglia, oligodendrocytes, synapses, myelin sheath

Mechanism of nerve conduction, sodium-potassium pump

Neuronal control of muscle activity: skeletal, smooth and cardiac.
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LO3

150

Endocrine System:
Structure of the endocrine system: glands, hormones
Types of hormones: hydrophilic, lipophilic

Mechanism of action of hormones: second messenger system (CAMP).

Homeostasis:
Components of a feedback mechanism

Negative and positive feedback systems.

Describe the structure, function and interrelationship between the systems
that obtain raw materials for metabolism, absorb and transport nutrients
and rid the body of wastes

Blood:
Composition and functions of blood

Blood cells: erythrocytes, leukocytes (neutrophils, eosinophils, basophils,
lymphocytes, monocytes, macrophages)

Origin of blood cells
Role of platelets and blood clotting process

Impact of environment on blood composition; altitude.

Cardiovascular system:

Structure and function of the heart

Structure and function of blood vessels: arteries, veins, capillaries
Cardiac cycle

Circulation in the human body (pulmonary, systemic and coronary)

Physiology of circulation: thermoregulation, exercise, fight/flight response.

Respiratory system:

Structure and function of the human respiratory system
Ventilation and the process of gaseous exchange
Transport of respiratory gases

Respiratory diseases and disorders.
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Digestive system:

Structure and function of the human digestive system
Accessory organs and structures: liver, pancreas, teeth
Process of digestion at each stage: mechanical and chemical
Neural and hormonal control of digestion

Diseases and disorders of the digestive tract.

Urinary system:
Structure and function of the kidney
Urine production

Osmoregulation and regulation, of pH and sodium.

LO4 Explain the process and management of human reproduction

Reproductive system:
Structure and function of the human male and female reproductive systems

Spermatogenesis, oogenesis.

Stages of reproduction:
Sexual maturity, fertilisation, implantation, embryonic development, parturition

Hormonal control of reproduction.

Management of reproduction:
Chemical

Physical

Artificial Insemination
Surrogacy

Cloning.
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Learning Outcomes and Assessment Criteria

Pass

movement

Merit

LO1 Describe how the muscular and skeletal systems
interact with one another to provide support and create

‘ Distinction

P1 Review the structure of
bone and muscle tissues

P2 |dentify how the
muscular and skeletal
tissues work together to
create support and
movement

M1 Compare the
differences in types of
muscle and bone, with
regards to their specific
functions

D1 Analyse the interrelationship
between the muscular and
skeletal systems in providing
support and creating movement
in the human body

LO2 Explain the control systems of the human body

P3 Review the nerve cell
structures and functions
found in the nervous
system

P4 Outline the structure
and function of the
endocrine system

M2 Explore the processes
of nerve conduction, and

the mechanism of action

of hormones

D2 Compare and contrast, using
specific examples, the roles of
the endocrine and nervous
systems in the maintenance of
homeostasis within the human
body
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Pass

‘ Merit

LO3 Describe the structure, function and
interrelationship between the systems that obtain raw
materials for metabolism, absorb and transport
nutrients and rid the body of wastes

P5 Describe the structures
and functions of the
systems used to assimilate
and transport nutrients
within the human body

P6 Describe the structures
and functions of the
systems used to remove
waste from the human
body

M3 Explore the
interrelationship between
the various systems used
to assimilate and
transport nutrients and
remove waste from the
human body

‘ Distinction

D3 Evaluate the efficiency of

these systems working together

to support and maintain good
health in the human body

LO4 Explain the process and management of human

reproduction

P7 Describe the structures
and functions of the male
and female human
reproductive systems

P8 Outline the stages of
reproduction in humans
and the methods by which
these can be managed

M4 Explore the hormonal
regulation of the human
reproductive processes

D4 Evaluate the various
methods of managing
reproduction in the human
body
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Recommended Resources

Textbooks

TORTORA, G.J., DERRICKSON, B. (2017) Principles of Anatomy and Physiology. 15th ed.
Hoboken, NJ: John Wiley & Sons, Inc.

WAUGH, A., GRANT, A. (2018) Ross and Wilson Anatomy and Physiology in Health and
lllness. 13th ed. Edinburgh: Elsevier.

Web
khanacademy.org Khan Academy
Human anatomy and physiology
Short lessons with animations
(Tutorials)
leeds.ac.uk University of Leeds
Anatomy and physiology
(General Information)
opentextbc.ca BCcampus Open Education
Reproductive systems
(General information)
varta.org.au The Victorian Assisted Reproductive Treatment Authority
Assisted Reproductive Technology
(General information)
Links

This unit links to the following related units:
Unit 4: Cell Biology

Unit 13: Human Health and Nutrition

Unit 31: Immunology

Unit 44: Advanced Health and Nutrition
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Unit 7: Inorganic Chemistry

Unit code L/617/5364

Unit level 4

Credit value |15

Introduction

Inorganic chemistry is the study of the chemical behaviour of all the non-carbon
elements, and their compounds, found in the periodic table. To study inorganic
chemistry students need to understand the fundamental properties of atoms, how
atoms combine to form inorganic compounds, and the behaviour of these
compounds.

The aim of this unit is to provide students with an overview of the key theoretical
concepts that will enable them to understand inorganic chemistry. In addition,
students will carry out a range of practical activities that will enable them to
synthesise, characterise and analyse inorganic compounds.

The unit provides a comprehensive coverage of basic inorganic chemistry, and lays a
firm foundation for studying chemistry at higher levels. It applies the principles of
inorganic chemistry to aspects of structure and bonding, and the chemistry of
selected elements and compounds. These, together with a survey of important
industrial applications, form a firm foundation for employees working in the
chemistry field, or for learners hoping to gain such employment or progress to higher
levels of study.
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Learning Outcomes

By the end of this unit, a student will be able to:
1 Describe the structure of atoms
2  Explain the structure of matter

3 Examine the periodic table and the chemical reactivity of the elements and
compounds

4 Undertake synthetic and characterisation procedures with inorganic compounds.
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Essential Content

LO1

LO2

Describe the structure of atoms

The electronic structure of atoms:

Electronic configurations (spdf) of elements 1 to 36 (Aufbau); shapes and
orientation of s, p and d orbitals; atomic orbitals in terms of principal quantum
number, orbital angular momentum quantum number and magnetic quantum
number; Pauli exclusion principle in terms of electron quantum numbers; Hund’s
rule.

The periodic table and electronic structure:

Structure of periodic table in terms of s block, p block, d block and f block;
ionisation energies and trends across periods 2 and 3; ionisation energies and
trends down groups; electron affinity (definition and examples).

Atomic radii:

Covalent, metallic, ionic and Van der Waals radii; trends in radii across periods
and down groups.

The spectrum of atomic hydrogen:

Characteristics of electromagnetic radiation; wavelength; amplitude; frequency;
simple calculations using ¢ = vA and Planck’s equation; Bohr model; spectral
series (Lyman, Balmer, Paschen); the Rydberg equation (including associated
calculations), emission spectrum (Pashen Series, etc), absorption spectrum

Explain the structure of matter

lonic bonding:

Explain the formation of ionic compounds using Lewis (dot and cross) diagrams
and Born-Haber cycles; properties of ionic compounds; polarisation and
covalency (Fajan’s rules); role of electronegativity difference in determining
ionic/covalent bonding.

Metallic bonding:

Metallic bonding, using the electron sea model; electrical conductivity; thermal
conductivity.
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LO3

158

Covalent bonding:

Bond length; bond order; bond enthalpy; bond polarity; polar molecules; dative
covalent (coordinate) bonding.

Intermolecular forces of attraction:

Causes, occurrence and relative strengths; dispersion forces; dipole-dipole;
hydrogen bonding.

Localised bond models of covalent bonding:

Lewis concepts (shared electron pairs); valence bond (resonance); hybridisation;
valence shell electron pair repulsion (VSEPR) theory; VSEPR and shapes of
molecules.

Types of structure:

Formation, structure and typical properties of ionic and metal crystal structures;
simple molecular and giant covalent (macromolecular); explanation of properties
in terms of bonding and intermolecular forces.

Examine the periodic table and the chemical reactivity of the elements and
compounds

The third period of the Periodic Table:

Physical and chemical properties of the elements, oxides, hydrides and chlorides;
interpretation of trends in terms of electronic structure and bonding.

Chemistry of the s block:

Physical and chemical properties of the elements in groups 1 and 2, oxides,
chlorides, carbonates, nitrates, sulfates.

Chemistry of the p block:

Groups 13-16 to cover first two elements only in terms of physical and chemical
properties of elements and their compounds with hydrogen, oxygen and
chlorine (where appropriate); group 17 (halogens, fluorine to iodine) to include
group trends (melting/boiling points, bond energy, oxidation states); anomalous
nature of fluorine; formation of halides; reactions with sulfur and phosphorous;
hydrogen halides; Lewis acids and bases, to include an explanation in the trends
in the Lewis acidity of boron halides.
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The chemistry of hydrogen:
The hydrogen (H" ) and hydroxonium ions (H3O" ); the hydride ion (H").

The chemistry of the inert gases (group 18):

Trends within the group; inability of helium and neon to form compounds;
synthesis and properties of xenon fluorides, xenon oxides; dangers of radon gas.

Chemistry of the d block, transition metals (Sc-Zn):

Trends in the physical properties of 3d metals; distinction between the terms
transition metal and d block metal as given by IUPAC definitions; the electronic
arrangement of the first row d block metals Sc-Zn, including the deviation of Cr
and Cu; order of filling (4s before 3d) and order of loss on cation formation (4s
lost before 3d); typical properties of transition metal compound to include
formation of coloured ions; variable oxidation state; complex formation;
anomalous behaviour of scandium and zinc.

Ligands; denticity, to include examples of monodentate, bidentate, tridentate
and ethylene diamine tetra-acetic acid (EDTA) as a hexadentate ligand; formation
of complexes; coordination numbers and coordination geometry limited to
examples of tetrahedral, square planar, octahedral

Coordination chemistry:

Crystal field model: shapes and orientations of d orbitals; crystal field splitting
effects in octahedral and tetrahedral complexes; crystal field splitting parameter;
spectrochemical series.
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LO4 Undertake synthetic and characterisation procedures with inorganic
compounds

Minimising risks:

Hazards associated with chemicals, e.g. flammable, toxic, harmful; other hazards,
e.g. high temperatures, use of glass equipment; risk minimisation, e.g. use of
alternative substances, reduction of quantities, selection of method of heating,
selection of location, use of fume cupboard, wearing gloves, lab coat, safety
glasses, methods for handling hot objects.

Preparative techniques:

Common procedures, e.g. vacuum filtration, recrystallisation, simple distillation,
fractional distillation, vacuum distillation, rotary evaporation, solvent extraction,
drying.

Substances and experiments:

Experiments to investigate the chemical and physical properties of a series of
compounds, such as the acid-base properties of oxides or the reactions of
chlorides with water; comparing the properties of a group of elements;
synthesis of complexes of copper or nickel; synthesis of tin (IV) iodide;
gravimetric determination of nickel, using dimethylglyoxime; preparation of
potassium trioxalatoferrate (lll); assigning the position of ligands in the
spectrochemical series by analysing the uv-vis spectra of complexes.

Tests to determine purity:

Melting points; boiling points, e.g. Siwoloboff's method and simple distillation;
spectroscopic techniques, e.g. infrared spectroscopy, ultraviolet/visible
spectroscopy; chromatographic techniques, e.g. thin layer chromatography.

Yields:

Theoretical and percentage yields.

Report:

Formal laboratory report; other methods of reporting, e.g. completion of a pro
forma, preparation of a slide presentation, making a poster, writing an article.
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Learning Outcomes and Assessment Criteria

Pass

Merit

LO1 Describe the structure of atoms

‘ Distinction

P1 State the spdf electron
configuration for ten given
atoms and ions and
correlate the electronic
configuration with the
atom’s position in the
periodic table

P2 Explain qualitatively the
trends in ionisation energy,
atomic size and electron
affinity across period and
down a group

P3 Explain the atomic
spectrum of hydrogen in
terms of the Bohr Atom

M1 Justify the quantum
numbers associated with
the occupied shells and
subshells present in given
atoms

M2 Use appropriate
equations to calculate the
wavelengths of lines in the
atomic spectrum of
hydrogen

LO1, LO2 and LO3

D1 Critically analyse the
predictive value that may be

electronic configuration,
quantum number, ionisation
energy, electron affinity and
atomic radius

LO2 Explain the structure of

matter

P4 Explain the bonding of
ionic, covalent and metallic
substances

P5 Explain the bonding of
covalent substances, using
localised bonding models
and assess the factors that
contribute to the
magnitude of
intermolecular forces of
attraction

P6 Explain the physical
properties of covalent,
ionic and metallic
substances

M3 Analyse the correlation
between chemical
bonding, structure and
physical properties in a
range of inorganic
compounds

gained from knowing an atom'’s
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Pass

LO3 Examine the periodic table and the chemical
reactivity of the elements and compounds

‘ Merit ‘ Distinction

P7 Describe the chemistry
and physical properties of
the period 3 elements,
oxides, chlorides and
hydrides

P8 Explore the chemistry
of hydrogen and selected
elements from the s block,
p block, d block and group
18

M4 Explain the trends in
the chemistry of the period
3 elements, oxides,
chlorides and hydrides

M5 Analyse the structure
and bonding of a typical
coordination complex

LO4 Undertake synthetic and characterisation
procedures with inorganic compounds.

P9 Undertake and report
on five practical activities

P10 Demonstrate an
awareness of the health
and safety implications
associated with the
preparation of inorganic
compounds

M6 lllustrate the D2 Evaluate the results of the
underlying theory for the chosen practical activities
chosen practical activities
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Recommended Resources

Textbooks

BURROWS, A., HOLMAN, J., PARSONS, A., PILLING, G., PRICE, G. (2017) Chemistry3:
Introducing Inorganic, Organic and Physical Chemistry, 3rd ed. Oxford: Oxford University
Press.

FACER, G. (2015) George Facer's Edexcel A Level Chemistry Student Book 1. London:
Hodder Education.

FACER, G. (2015) George Facer's Edexcel A Level Chemistry Student Book 2. London:
Hodder Education.

Web
chemguide.co.uk ChemGuide
(General reference)
chemrevise.org ChemRevise
A Level Chemistry revision notes
(General reference)
chemtube3d.com ChemTube3D
(General reference)
Links

This unit links to the following related units:

Unit 8: Organic Chemistry

Unit 9: Physical Chemistry

Unit 36: Aromatic and Carbonyl Compounds

Unit 37: Solid State and Transition Metal Chemistry
Unit 38: Spectroscopy, Surface Chemistry and Equilibria
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Unit 8: Organic Chemistry

Unit code R/617/5365

Unit level 4

Credit value |15

Introduction

Organic chemistry is the study of carbon containing compounds. Organic compounds
are ubiquitous in our daily lives; they can be found in our household products, our
medicines, our fuels, as well as throughout nature. Organic chemists synthesise new
compounds with tailored properties that aim to improve our living standards.

The aim of this unit is to introduce you to organic chemistry. You will learn how
organic compounds are chemically bonded, and how the presence of particular sets
of atoms and bonds control the reactivity of those compounds. You will also learn
how organic chemists explain organic reactions by looking closely at organic reaction
mechanisms. In addition, you carry out practical organic chemistry where you
synthesise, purify and characterise organic compounds.
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Learning Outcomes

By the end of this unit, a student will be able to:
1 Describe the structure and bonding in organic compounds
2 Explain organic reaction mechanisms

3 Explain the reactions of organic compounds in terms of bond structure and
reaction mechanisms

4 Undertake synthetic and characterisation procedures with organic compounds.
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Essential Content

LO1

LO2

166

Describe the structure and bonding in organic compounds

The structure of organic molecules:

Representations of organic molecules; display/structural formula; condensed
formula; skeletal/line formula; stereochemical ‘flying wedge’ formula; bond
angles; bond lengths; shapes.

Bonding in organic molecules:

sp3, sp? sp hybridisation; m and o bonds.

Classification and naming of organic molecules:

Alkanes; alkenes; alcohols; aldehydes; ketones; carboxylic acids; esters; acid
halides; amines; amides, cyanides (nitriles); ethers; haloalkanes; cyclic
alkanes/alkenes; substituted arenes limited to haloarenes and phenol.

Isomerism in organic molecules:

Structural isomerism; chain, positional, functional group; stereoisomerism;
geometric, including E and Z and cis/trans notation; optical isomerism, including
effect on plane polarised light.

Physical properties of organic molecules:

Boiling/melting points in relation to intermolecular forces; dispersion, dipole-
dipole, hydrogen bonding; effect of branching on boiling/melting points;
solubility and insolubility in water.

Explain organic reaction mechanisms

Categorise reagents:

Recognise and categorise reagents with justification (electrophiles, nucleophiles,
radicals, acids, bases).

Types of reactions:

Recognise and categorise reactions with justification (addition, substitution,
elimination, rearrangement, condensation).

Reaction profile diagrams:

Energy profiles; reaction coordinate; transition state; reaction intermediate;
activation energy; catalysis.
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Mechanisms:

Use of curly arrows, one and two-electron movements; homolysis; heterolysis;
free radical chlorination of methane; nucleophilic substitution (Sn1 and Sn2)
reactions of haloalkanes; elimination reactions (E1 and E2) of haloalkanes;
nucleophilic addition reactions of aldehydes and ketones; electrophilic addition
reactions of alkenes, including application of MarkovnikoVv’s rule.

LO3 Explain the reactions of organic compounds in terms of bond structure and
reaction mechanisms

Alkanes:

Halogenation; combustion; free radical substitution reactions; uses as fuels and
sources of industrial materials.

Alkenes:

Electrophilic addition of hydrogen halides; Markovnikov addition; explanation of
Markovnikov in terms of carbocation stability; rearrangements of carbocations;
addition of halogens, including in the presence of water; addition of water in the
presence of acids; reaction with potassium manganate (VIl); reduction with
hydrogen; polymerisation.

Haloalkanes:

Nucleophilic substitution reactions with OH", CN°, NH3, RO", Sn1 and Sn2;
stereochemical consequences; elimination reactions; E1 and E2 reactions;
elimination vs substitution; Grignard reagent formation; Grignard reactions with
aldehydes, ketones; use of haloalkanes to synthesise other functional group
compounds.

Alcohols and phenols:

Acidity; reaction with sodium; reaction with hydrogen halides and phosphorus
halides; oxidation; dehydration; halogenation of phenols; use of alcohols to
synthesise other functional group compounds.

Carbonyl compounds:

Aldehydes and ketones; oxidation and reduction; nucleophilic addition reactions,
water, ammonia, hydrogen cyanide; haloform reaction; condensation with
ammonia derivatives including the importance of 2,4 dinitrophenylhydrazine
(DNP); reaction with Grignard reagents; use of aldehydes and ketones to
synthesise other functional group compounds; carboxylic acids; acid-base
reactions; esterification; acid halides; acid anhydrides; use of carboxylic acids to
synthesise other functional group compounds.
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LO4

168

Amines and amides:

Acid-base reactions of amines; amide formation; use of amines and amides to
synthesise other functional group compounds.

Undertake synthetic and characterisation procedures with organic
compounds

Minimising risks:

Hazards associated with chemicals, e.g. flammable, toxic, harmful; other hazards,
e.g. high temperatures, use of glass equipment; risk minimisation, e.g. use of
alternative substances, reduction of quantities, selection of method of heating,

selection of location, use of fume cupboard, wearing gloves, lab coat, safety
glasses, methods for handling hot objects.

Preparative techniques:

Common procedures, e.g. vacuum filtration, recrystallisation, simple distillation,
fractional distillation, vacuum distillation, steam distillation, rotary evaporation,
solvent extraction, drying.

Substances:

Solid organic compounds, e.g. DNP and semicarbazone derivatives, aspirin,
paracetamol, antifebrin; a liquid organic compound, e.g. ethyl ethanoate,
cyclohexene, heptene.

Tests to determine purity:

Melting points; boiling points, e.g. Siwoloboff's method and simple distillation;
spectroscopic techniques, e.g. infrared spectroscopy, ultraviolet-visible
spectroscopy; mass spectroscopy; high resolution nuclear magnetic resonance;
chromatographic techniques, e.g. thin layer chromatography

Yields:

Theoretical and percentage yields

Report:

Formal laboratory report; other methods of reporting, e.g. completion of a pro
forma, preparation of a slide presentation, making a poster, writing an article.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022



Learning Outcomes and Assessment Criteria

Pass

compounds

Merit

LO1 Describe the structure and bonding in organic

P1 Illustrate the structure
of organic molecules using
four ways of structural
representation, including
isomers (structural,
geometric and optical)

P2 Explain the chemical
bonding present in organic
molecules

P3 Apply IUPAC rules to
classify and name organic
compounds containing five
types of functional groups

P4 Explain the physical
properties of organic
molecules

M1 Assess how physical
properties are affected by
chain length and functional

group

‘ Distinction

D1 Analyse the links between
bonding, structure, isomerism
and physical properties for a
range of organic compounds
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Pass

Merit

LO2 Explain organic reaction mechanisms

‘ Distinction

P5 Describe organic

reactions in terms of the
type of reagents and the
type of reaction involved

P6 Interpret organic
reactions using
mechanisms that include
curly arrows

P7 lllustrate the use of
reaction profile diagrams
in relation to organic
reactions

M2 Compare and contrast
nucleophilic substitution
and elimination reactions
of haloalkanes

D2 Differentiate between the
reaction profile diagrams in
relation to reactions of
haloalkanes

170
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Pass

‘ Merit

LO3 Explain the reactions of organic compounds in
terms of bond structure and reaction mechanisms

‘ Distinction

P8 Explain the chemistry of
the alkanes and alkenes,
alcohols and phenols,
haloalkanes, and carbonyl
compounds, amines and
amides

M3 Compare and contrast
the characteristic reactions
of the alkanes and alkenes,
alcohols and phenols,
haloalkanes, and carbonyl
compounds, amines and
amides

D3 Design organic reaction
schemes to synthesise five types
of functional group compounds

LO4 Undertake synthetic and characterisation
procedures with organic compounds.

P9 Demonstrate an
awareness of the health
and safety implications
associated with the
preparation of organic
compounds while
undertaking at least four
practical activities

P10 Report on at least four
practical activities on
synthetic and
characterisation
procedures with organic
compounds

M4 Discuss the underlying
theory for the chosen
practical activities

D4 Evaluate the results of the
chosen practical activities with
reference to underlying theories
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Recommended Resources

Textbooks

BURROWS, A., HOLMAN, J., PARSONS, A., PILLING, G., PRICE, G. (2017) Chemistry3:
Introducing Inorganic, Organic and Physical Chemistry. 3rd ed, Oxford: Oxford University
Press.

FACER, G. (2015) George Facer's Edexcel A Level Chemistry Student Book 1. London:
Hodder Education.

FACER, G. (2015) George Facer's Edexcel A Level Chemistry Student Book 2. London:
Hodder Education.

HORNBY, M., PEACH, J. (1993) Foundations of Organic Chemistry (Oxford Chemistry
Primers). Oxford: Oxford University Press.

Web
chemguide.co.uk ChemGuide
(General reference)
chemrevise.org ChemRevise
A Level Chemistry revision notes
(General reference)
chemtube3d.com ChemTube3D
(General reference)
Links

This unit links to the following related units:

Unit 7: Inorganic Chemistry

Unit 9: Physical Chemistry

Unit 36: Aromatic and Carbonyl Compounds

Unit 37: Solid State and Transition Metal Chemistry
Unit 38: Spectroscopy, Surface Chemistry and Equilibria
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Unit 9: Physical Chemistry

Unit code Y/617/5366

Unit level 4

Credit value |15

Introduction

Physical chemistry is the study of how matter behaves at the atomic and molecular
scale. Physical chemistry, therefore, underpins the study of both organic and
inorganic chemistry and, in a broader sense, underpins the study of biological
systems. This unit introduces thermodynamics, chemical kinetics and
electrochemistry.

Thermodynamics is one of the cornerstones of physical chemistry leading to powerful
insights that allow chemical reactions to be explained. Chemical kinetics allows
explanation of how fast or slow chemical reactions occur. Electrochemistry involves
the study of a major class of chemical reaction, those reactions where electrons are
transferred between substances.

The aim of this unit is to introduce the fundamentals of physical chemistry.
Thermodynamics is used to predict whether chemical reactions can take place.
Chemical kinetics is used to show how concentration changes can affect the rate of a
chemical reaction. Finally, redox reactions are studied introducing the physical
chemistry associated with electrochemistry. There is also the opportunity to
undertake several practical investigations relating to the theoretical topics studied.
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Learning Outcomes

By the end of this unit, a student will be able to:

1 Apply the first, second and third laws of thermodynamics to predict the feasibility
of reactions

2 Apply rate equations to determine the order of a reaction
Apply the principles of oxidation and reduction to electrochemical systems

4 Undertake experimental investigations relating to physical chemistry.
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Essential Content

LO1 Apply the first, second and third laws of thermodynamics to predict the
feasibility of reactions

Laws of thermodynamics:

First, second and third laws.

Standard enthalpy changes:

Definitions of standard enthalpy changes; Explanation of the magnitude and sign
of standard enthalpy changes in terms of the physical and chemical processes
involved; Enthalpy changes to be considered: Enthalpy of combustion; enthalpy
of formation; enthalpy of neutralisation; enthalpy of solution; enthalpy of
hydration; lattice enthalpy; enthalpy of dissociation; mean bond enthalpy;
ionisation enthalpy; electron affinity; enthalpy of fusion; enthalpy of
vaporisation; enthalpy of sublimation.

Calculation of entropy changes:

Changes of state and heating and cooling of a single substance (including use of
molar heat capacity at constant pressure and enthalpies of vaporisation and
fusion).

Calculation of AHS, ASP:

From tables of standard enthalpy and entropy changes; calculation of AH#® from
mean bond enthalpies; calculation of enthalpy changes involving standard
enthalpy of combustion.

Enthalpy changes at different temperatures:

Use of the Kirchoff equation.

Feasibility:

Gibbs energy; condition of a negative change in Gibbs energy for a feasible
reaction; significance of the signs of AH and AS

AG® = AH® - TAS®; assumptions made; relationship to equilibrium constants.
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LO2 Apply rate equations to determine the order of a reaction

176

Methods for following rate of reaction:

Methods, e.g. spectrophotometry, conductivity, optical rotation, refractive index,
dilatometry, measurement of gas pressure, titrimetry of aliquots, problems of
fast reactions.

Integrated rate equations:

Zero, first and second order reactions (integration of rate expressions is
desirable but not mandatory); units of rate constant; half-life expressions;
percentage reaction.

Relationship between rate constant and temperature:

Arrhenius equation - relationship between rate constant and activation energy:
k = AeE/RT- explanation of terms in the equation; plot of In(k) versus 1/T gives a
graph of slope -Ea/RT; In (ko/k1) = -Ea(1/T2 = 1/T1) or Inka-Inky = -E5(1/T2 - 1/T1); use
of equation to determine k, A, Es or T.

Methods for finding reaction order:

Minimum of two, e.g. plotting graphs of functions of concentration versus time in
accordance with the integrated rate expressions, use of the general half-life
expression for an nth order reaction, use of gradients of two tangents (d[A]/dt) to
the reactant concentration versus time plot at concentrations, [A]1 and [A], using
the method of initial rates for systems involving more than one reactant.

Basis:

Theoretical explanations; relevant equations; assumptions.

Determining reaction order from data:

Methods based on experimental data.
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LO3 Apply the principles of oxidation and reduction to electrochemical systems

Standard cell voltage, Eoce:

Oxidation and reduction equations for half-cells; overall cell reaction (redox
equation); experimental set-up; redox reactions involving metal/metal ion and
platinum/redox couple; use of tables of standard reduction potential to calculate
theoretical values of E®.; positive standard cell potential, E®. for a feasible cell
reaction; pictorial representation of apparatus showing electron flow; IUPAC
standard cell notation; reference electrodes. e.g. standard hydrogen, calomel,
silver/silver chloride; liquid junction; salt-bridges; experimental determination of
cell voltage for simple cells involving metal/metal ion couple or platinum-redox
couple half cells; possible reasons for differences between measured and
calculated values (e.g. use of concentration rather than activity, liquid junction
potential, differences in temperature; AG = -nFE and AG® = -nFE®).

Nernst equation:

Relationship between activity and concentration; Eceil = E%ei-(RT/nF)INQ where Q
is the product of product activities divided by the product of reactant activities
(raised to the powers of the stoichiometric numbers, where applicable) for the
cell reaction; write a Nernst equation formula for a range of cells; calculate a
value for Ecei given the half-cells involved, temperature and the activity of
relevant ions.

Electrolysis:

Molten salts; aqueous solutions of ions, the role of water; overvoltage; oxidation
and reduction equations; products at anode and cathode.

Use of Faraday's law:

One Faraday equivalent to one mole of electrons flowing in an electrolysis cell;
one Faraday = 96485 C mol'; current = charge/time; calculation of mass of metal
plated on cathode, given current and time; volume of gas collected at one bar
pressure and a temperature of 298 K in a given electrolysis cell.

Commercial applications:

electrolytic processes e.g. chlor-alkali industry (Downs cell, diaphragm cell,
membrane cell), Hall-Heroult process, electrorefining, electroplating
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LO4 Undertake experimental investigations relating to physical chemistry.
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Health and Safety:

Perform practical activities in line with instructions and health and safety
regulations.

Thermodynamics and electrochemistry:

Experimental investigations in enthalpy, entropy, and Gibbs energy; any reaction
for which two of these changes may be used to determine the third, e.g. for
metal/metal salt displacement where AH may be found from temperature
measurements and AG from the appropriate electrochemical cell; investigations
relating to factors that influence cell potential such as concentration and
temperature.

Experimentally determining reaction order from data:

Investigations involving monitoring changes in reactant concentration and the
effect on reaction rate; measurements such as absorbance, pH, gas volume or
pressure.
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Learning Outcomes and Assessment Criteria

Pass

Merit

LO1 Apply the first, second and third laws of
thermodynamics to predict the feasibility of reactions

‘ Distinction

P1 Show how the
magnitude and sign of a
range of standard enthalpy
changes relate to the
physical and chemical
processes involved

P2 Show how feasibility of
chemical reactions may be
predicted from the
standard changes in Gibb’s
energy based on
calculations of the
standard changes in
enthalpy and entropy from
tabulated entropies and
enthalpy changes for
formation.

P3 Calculate entropy
changes involving
heating/cooling a
substance and use the
Kirchoff equation to
calculate an enthalpy
change at a temperature
other than 298K.

M1 Analyse the feasibility
of reactions in terms of the
relative contributions of
the associated entropy and
enthalpy changes, taking
account of temperature

D1 Evaluate how the first,
second and third laws of
thermodynamics are used in
predicting the feasibility of
reactions
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Pass

‘ Merit

LO2 Apply rate equations to determine the order of a

reaction

‘ Distinction

P4 Describe experimental
methods of following the
rate of a reaction

P5 Undertake a range of
calculations, using
integrated rate equations
and the Arrhenius
equation

P6 Explain the bases for
and operation of two
methods for the
determination of reaction
order in relation to
experimental or
synthesised sets of
concentration/time data

M2 Evaluate the accuracy
and ease of use of a
minimum of two different
methods for finding
reaction order

D2 Critically evaluate the impact
that temperature has on the
reaction rate taking into
consideration the rate constant
(k), catalysts and reaction order
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Pass

electrochemical systems

Merit

LO3 Apply the principles of oxidation and reduction to

P7 Construct the Nernst
equations for a range of
simple electrochemical
cells and calculate the cell
voltages under standard
conditions and where the
activities of the ions are
different from unity.

P8 Apply Faraday's laws to
electrolysis cells

P9 Investigate an industrial
application of electrolysis

M3 Analyse the
electrochemical processes
involved in an industrial
application of electrolysis

‘ Distinction

D3 Discuss the applications of
the Nernst Equation

physical chemistry.

LO4 Undertake experimental investigations relating to

P10 Safely carry out and
report on an experiment to
determine the entropy
change associated with a
displacement reaction

P11 Safely carry out and
report on an investigation
to determine the order of
a reaction

M4 Explain the underlying
theory for the chosen
practical activities

D4 Evaluate the results of the
chosen practical activities with
reference to the underlying
theory
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Recommended Resources

Textbooks

ATKINS, P., DE PAULA, J. (2016) Elements of Physical Chemistry. Oxford: Oxford
University Press.

BURROWS, A., HOLMAN, J., PARSONS, A., PILLING, G., PRICE, G. (2017) Chemistry3:
Introducing Inorganic, Organic and Physical Chemistry. 3rd ed. Oxford: Oxford University
Press.

FACER, G. (2015) George Facer's Edexcel A Level Chemistry Student Book 1. London:
Hodder Education.

FACER, G. (2015) George Facer's Edexcel A Level Chemistry Student Book 2. London:
Hodder Education.

Web
chemguide.co.uk ChemGuide
(General reference)
chemrevise.org ChemRevise
A Level Chemistry revision notes
(General reference)
khanacademy.org Khan Academy
(General reference)
Links

This unit links to the following related units:

Unit 7: Inorganic Chemistry

Unit 8: Organic Chemistry

Unit 36: Aromatic and Carbonyl Compounds

Unit 37: Solid State and Transition Metal Chemistry
Unit 38: Spectroscopy, Surface Chemistry and Equilibria
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Unit 10: Principles of Ecology and their
Applications

Unit code D/617/5367

Unit level 4

Credit value |15

Introduction

The principles of ecology are the building blocks that form and shape our natural
world. Ecology is the science behind the complex interactions between organisms and
their environment. The outcomes of these interactions alter and affect the delicate
balance of life.

Organisms survive as populations and communities of individuals whose success or
failure is governed by the environment in which they reside. These natural processes
can be broken down into the physical and the biotic components that interact
together to form an ecosystem or biome. Their stability is fragile, and change can have
severe consequences to the species and organisms that call that ecosystem home.
Anthropogenic disturbance and environmental pressures have a negative effect on
the natural world, while there is increasing recognition that nature and green spaces
are beneficial to health and well-being. Global biodiversity loss due to declines in
abundance and distribution of species and habitats are increasing concerns.

This unit will outline the factors that influence life on earth and explain the theory
behind these interactions. The students will apply this theory to assess the
composition and functionality of real-world ecosystems, interpreting disturbance and
evaluating strategies aimed at reversing decline. Students will be able to identify the
causes of degradation and exploitation, while exploring how recognition of the value
of natural resources could be used as a tool to help drive the success of restoration
methods and conservation techniques.
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Learning Outcomes

By the end of this unit, a student will be able to:

1 Explain how ecology is the study of interactions between organisms and their
environment

2 Identify a variety of biomes and interpret their differences
Explain the factors that disturb the ecological balance in a given ecosystem

4  Explore ways to restore the balance in a degraded ecosystem.
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Essential Content

LO1 Explain how ecology is the study of interactions between organisms and
their environment

Organisms:
Evolution

Natural selection
Biological Fitness
Taxonomy

Flora and fauna.

The physical components to the environment:

Environmental variation, i.e. climate

Water properties, water availability, plants and water, and animals and water
Responses to temperature, temperature and species distribution

Soil acidity

Geomorphology: physical, chemical and biological processes

Nutrients: sources and cycles; soil formation, properties and classification; and
plants

Global biogeochemical cycles, i.e. carbon, water, nitrogen.

The biotic components to the environment:

Competition: the nature of competition; intraspecific competition, predation and
parasitism

Trophic levels and relationships (species interactions)

Population ecology: populations, population structure, population growth,
mortality, natality, density, population dynamics (fluctuations and cycles)

Community ecology: the community, structure and stability, community patterns,
community response to disturbance.
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LO2 Identify a variety of biomes and interpret their differences

Surviving with stress and thriving without stress:
Adaptation to environmental variation

The ecological niche

Habitat

Speciation

Succession

Colonisation

Introduced species.

Examples of terrestrial and marine biomes across earth:

Terrestrial Biomes: temperate deciduous forest, coniferous forest, woodland,
tundra, grassland, desert, tropical savanna and tropical forest

Marine Biomes: oceanic and coral reef.

Isolated ecosystems and communities:
Extreme competition

Specialisation

Biogeography

Island communities.
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LO3 Explain the factors that disturb the ecological balance in a given ecosystem

Anthropogenic disturbance:

Pollution

Global warming

Habitat encroachment

Exploitation of resources (nutrients, water and energy use)
Intensive land management

Unsustainable extraction

Species removal through poaching.

Changes to the physical environment:
Climate change
Erosion

Eutrophication.

LO4 Explore ways to restore the balance in a degraded ecosystem

Conservation:

Reducing disturbance

Protection, i.e. environmental policy and wildlife legislation
Mitigation

Reintroductions.

Restoration:

Restoring natural processes.

Appreciation and recognition:
Natural capital
Paying for ecosystem services

Corporate social responsibility.
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Learning Outcomes and Assessment Criteria

Pass

‘ Merit

LO1 Explain how ecology is the study of interactions
between organisms and their environment

‘ Distinction

P1 Define an organism and
its role within an
ecosystem

P2 Explain the physical
components of the
environment and explore
the effect they have upon
an ecosystem

P3 Explain the biotic
components of the
environment and explore
the effect they have upon
an ecosystem

M1 Analyse how the
interactions between the
physical and biotic
components of an
ecosystem determine the
success of an organism or
species

D1 Provide an evaluation of the
physical and biotic factors which
enable the existence and
function of a given ecosystem

LO2 Identify a variety of biomes and interpret their

differences

P4 |dentify a species that is
an intrinsic part of a biome
and describe its role

P5 Outline the
environmental
components which enable
the existence of any given
functioning biome

P6 Identify and describe
the environmental
components of a biome in
either an extreme
environment or an isolated
location

M2 Differentiate the
environmental
components which define
two separate biomes

D2 Compare two specific biomes
and analyse their differences
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Pass

balance in a given ecosystem

‘ Merit

LO3 Explain the factors that disturb the ecological

P7 Explain the negative
anthropogenic impact on
any given ecosystem

P8 Explain the effect of
changes to the physical
environment on an
ecosystem

M3 Analyse the
exploitation of natural
resources

‘ Distinction

D3 Evaluate the future cost of
continuing to exploit natural
resources

ecosystem.

LO4 Explore ways to restore the balance in a degraded

P9 Explain conservation
measures currently in
practice to reduce loss and
degradation of the natural
environment

P10 Explain restoration
techniques currently in
practice to restore
degraded habitats

P11 Outline the theory of
natural capital and
ecosystem services

M4 Analyse the
importance of restoring
natural processes in
selecting viable methods
to minimise degradation

D4 Explore, making justified
recommendations, how the
appreciation of natural assets
could help drive conservation
and restoration work of the
future
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Recommended Resources

Textbooks
ALLABY, M. (2010) A Dictionary of Ecology. 4th ed. Oxford: Oxford University Press.

BEGON, M., HOWARTH, R., TOWNSEND, C.R. (2014) Essentials of Ecology. 4th ed.
Oxford: John Wiley & Sons Ltd.

BEGON, M., TOWNSEND, C.R., HARPER, J.L. (2006) Ecology from Individuals to
Ecosystems. 4th ed. Oxford: Blackwell Publishing.

MACKENZIE, A., BALL, A.S., VIRDEE, S.R. (2001) BIOS Instant Notes in Ecology, 2nd ed.
Abingdon: Taylor & Francis Group.

Web

britishecologicalsociety.org British Ecological Society
Learning and Resources
(Research)

cell.com Trends in Ecology and Evolution
Journal
(Articles)

cieem.net Chartered Institute for Ecology and Environmental
Management

Training & Events, Publications
(Training, Articles)

gov.uk Natural England
Wildlife and Habitat Conservation
(Research)

iucn.org International Union for the Conservation of Nature
Resources

(General reference)

jncc.defra.gov.uk Joint Nature Conservation Committee
UK Habitats, UK Species
Research, Legislation & Policy, Protection
(Discussion Forum)

magic.defra.gov.uk MAGIC Map DEFRA
Get Started
(Datasets, Development tool)
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Links

This unit links to the following related units:

Unit 2: Scientific Data Handling Approaches and Techniques

Unit 5: Fundamentals of Chemistry

Unit 11: Physiological Adaptation of Plants to Environmental Changes
Unit 12: Managing Environmental Resources

Unit 28: Applied Sciences Research Project

Unit 42: Materials Life Cycle and the Circular Economy
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Unit 11: Physiological Adaptation of Plants to
Environmental Changes

Unit code H/617/5368

Unit level 4

Credit value |15

Introduction

Plants have evolved over hundreds of millions of years through evolution. By adapting
to different environments, they are able to colonise much of the planet, including
oceans, deserts and tundra. For several millennia, this adaptation has been assisted
by human intervention, through breeding and the selection of superior strains of crop
plants.

This unit provides students with the ability to relate the adaptation of plants to
different and often changing environments, both natural and adapted by humans in
protected cropping and urban agriculture. It investigates vital plant processes, such as
the uptake of water into the plant by the process of osmosis, and the manufacture of
glucose in leaves and stems by the process of photosynthesis. The morphological
modification of roots, leaves and stems, such as tendrils, spines, stolons, rhizomes
and corms, will also be explored.

Furthermore, the physiological development of crop plants from their wild ancestors
and their physiological adaptations to dry (xerophytic), salt water (halophytic) and
aquatic (hydrophytic) environments will be discussed. The potential of soilless growing
systems (hydroponics) in optimising cropping in protected environments and the
suitability of different media in supporting strong and healthy root growth will be
explored. Finally, the use of technological advancements to increase yields and make
crop production more economical, and the use of new energy efficient lighting
systems, to reduce the cost of providing photosynthetically active radiation in the
absence of natural light, will be explained.

On successful completion of this unit, students will be able to explain how plants
adapt to different environmental regimes and how knowledge of these adaptations is
used to breed and cultivate plants in both field and protected cropping environments.
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Learning Outcomes

By the end of this unit, a student will be able to:

1
2

Explain the relationship between plant anatomy and physiological processes

Explain the purpose of plant adaptations to different environments with
reference to named examples

Investigate the application of environmental adaptations that are used in crop
production to optimise plant growth and cropping

Explore the development of the physiology of crop plants from their wild
ancestors to the present.
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Essential Content

LO1 Explain the relationship between plant anatomy and physiological
processes

Root structure and function:
Water and nutrient uptake
Anchorage

Root tissues and cell types

Cultural activities that optimise or inhibit root functions in soil or growth media

Stem structure:
Cell types and cellular arrangements

The function of the different cell types in relation to the prime functions of water
and mineral transportation and support

Cultural practices that affect stem growth

Leaf structure:

Cellular arrangements and leaf tissues, and how these facilitate photosynthesis

LO2 Explain the purpose of plant adaptations to different environments with
reference to named examples

Xerophytic and halophytic:

Root, stem and leaf adaptations

Modified pathways for carbon dioxide uptake and photosynthesis
Hydrophytic, e.g. modified stem, root and leaf structure

Modified carbon dioxide uptake and oxygen movement
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LO3 Investigate the application of environmental adaptations that are used in
crop production to optimise plant growth and cropping

Supplementary lighting:

Wavelength selection, intensity, duration.

Photoperiod:

Effect on flowering and morphology, duration.

Carbon dioxide enrichment:

Concentration and cost effectiveness of use.
Optimising photosynthesis

Hydroponics:

Different substrates, e.g.: sustainability and durability, nutrient application

LO4 Explore the development of the physiology of crop plants from their wild
ancestors to the present.

Suitable species:

Beta vulgaris and Brassica oleracea, or other cultivated species that have been
developed substantially from wild ancestors

Response to:

Temperature, day length, rainfall and irrigation, extreme weather, different levels
of salinity, soil nutrition.

Adaptation to mechanised harvesting:

Crop uniformity, increased yield.
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Learning Outcomes and Assessment Criteria

Pass

and physiological processes

‘ Merit

LO1 Explain the relationship between plant anatomy

‘ Distinction

P1 Explain how typical
plant structure facilitates
key physiological
processes, using
annotated diagrams

P2 Describe the key
differences between
monocotyledons and
dicotyledons in terms of
structure, relating these
differences to key

physiological processes

M1 Analyse how the
physiology of plants varies
according to their role
within a defined plant
community

D1 Evaluate how knowledge of
plant physiology and
environmental responses has
developed cultural technology
in either horticulture or
agriculture

examples

LO2 Explain the purpose of plant adaptations to
different environments with reference to named

P3 Describe how plants
are able to adapt to
xerophytic and halophytic
environments

P4 Describe how plants

are able to adapt to
hydrophytic environments

M2 Investigate the culture
of a hydrophytic,
xerophytic or halophytic
crop plant

D2 Evaluate how knowledge of
plant adaptation to different
environments can be used to
build resilience for crops
growing in marginal land or
affected by environmental
change
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Pass

‘ Merit

LO3 Investigate the application of environmental
adaptations that are used in crop production to
optimise plant growth and cropping

‘ Distinction

P5 Explore the use of
supplementary lighting
and day length lighting
with reference to a specific
crop plant

P6 Explain different
substrate materials for
use in hydroponics in
terms of performance and
sustainability

M3 Investigate the
economic benefits of
supplementary lighting
and carbon dioxide
enrichment, comparing
the advantages and
disadvantages of different
systems

D3 Evaluate environmental
adaptations in commercial
urban crop production that
utilises intensive cultivation
techniques in an indoor or
underground environment

LO4 Explore the development of the physiology of crop
plants from their wild ancestors to the present.

P7 Describe the
development of three
distinct cropping plants
from a wild ancestor

P8 Explain how cropping
plants are modified by
reference to three specific
examples

M4 Evaluate the
development of at least
three crop plants from a
single wild ancestor

D4 Investigate a current
research project that aims to
develop resilience, or other
attributes in a crop in response
to environmental change
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Recommended Resources

Textbooks

BECK, C. (2010) An Introduction to Plant Structure and Development. 2nd ed. Cambridge:
Cambridge University Press.

BELL, D. (2008) Plant Form: An Illustrated Guide to Flowering Plant Morphology. Portland,
OR: Timber Press Inc.

SOLTANI, A. (2012) Modelling Physiology of Crop Development, Growth and Yield.
Wallingford: CABI publishing.

TAIZ, L., ZEIGER, E., MOLLER, I.M., MURPHY, A. (2018) Plant Physiology and Development.
6th ed. Sunderland, MA: Sinauer Associates (Oxford University Press).

Web

bsbi.org Botanical Society of Great Britain and Ireland
Homepage
(General reference)
journals.elsevier.com Elsevier
Plant Physiology and Biochemistry
(Journal)

kew.org Kew Gardens
Science
(General reference)

plantphysiol.org Plant Physiology
Homepage
(General reference)
sciencedirect.com Science Direct
Journal of Plant Physiology
(Journal)
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Links

This unit links to the following related units:

Unit 2: Scientific Data Handling Approaches and Techniques
Unit 5: Fundamentals of Chemistry

Unit 10: Principles of Ecology and their Applications

Unit 12: Managing Environmental Resources

Unit 28: Applied Sciences Research Project

Unit 42: Materials Life Cycle and the Circular Economy
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Unit 12: Managing Environmental Resources

Unit code K/617/5369

Unit level 4

Credit value |15

Introduction

Environmental sustainability is a key component in the goal towards managing
environmental resources. Environmental sustainability relates to the need for
maintaining and, where possible, improving the bio-systems of the Earth. These are
the systems sustaining all life, i.e. the natural ecosystem. The way in which mankind
interacts with this system is of primary importance in maintaining this natural
ecosystem.

A core concept relates to the fact that resources harvested from the earth are finite.
These resources may be reused or recycled, particularly when they have been mined
from the earth in the first instance. Renewable resources, such as crops, are not finite
as they can be renewed but equally, they cannot be consumed at a greater rate than
they can be produced. All resources need appropriate and sympathetic management.

Environmental ecosystems also require consideration as a delicate network exists that
connects and interacts with elements in the environment. Ecosystems, therefore, can
be said to need biodiversity to function.

This unit will look at the management of environmental resources in terms of raw
materials, energy, water resources, climate, biodiversity, pollutants and waste. It will
also look at the overarching legislation and regulations currently in place and those
proposed for future adoption. The effects such management has on an organisation
will also be ascertained.

On successful completion of this unit, the student will be cognisant of the potential
impact consumerism, public attitudes and the importance of environmental matters
has on suppliers/producers. They will have an awareness of considerations needed
when addressing the environmental credentials of products within their industry. This
awareness will aid in the aim to adopt a more sustainable approach to the
consumption and use of resources and appropriate management of waste.
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Learning Outcomes

By the end of this unit, a student will be able to:

—

Explain the environmental issues connected with the biosphere

2 Identify the pressures on the environment from utilising finite resources

3 Identify the pressures on the environment from utilising renewable resources
4

Explore the challenges for manufacturers and businesses aiming to improve their
environmental management credentials.
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Essential Content

LO1 Explain the environmental issues connected with the biosphere

Concepts concerning the biosphere:
Defining the biosphere
Bioregions and biosphere reserves

Produce from the biosphere, including: timber; drugs and medicines (rainforest
plant contribution)

Importance of biodiversity, including potential imbalance effects
Acoustic ecology

Anthropocene era

Cultural values

Carbon footprint.

Services provided by the biosphere:
Provision of nutrients
Clean air and absorption of CO;

Control of the hydrological cycle.

Greenhouse gases causes and effects:

Human endeavours, including: industry; deforestation; population increases;
acidification of the oceans

Agriculture, including: overfishing; overharvesting; livestock.

Potential impact and the causes of climate change:

Effects on nature, including: wildlife; sea levels; weather; natural flood controls;
biodiversity; fire risks

Subsequent effects on: crops; food-chain; vulnerable populations; habitat
adaptation.
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LO2 Identify the pressures on the environment from utilising finite resources

Material resources and extraction:

Metal ore extraction, such as: aluminium (bauxite); copper; iron; lead; nickel; tin;
precious metals

Mined materials, such as: salt; clays; potash; feldspar; quartz; lithium; bauxite
(aluminium)

Fossil fuels, such as: coal; oil; gas; peat.

Processing:
Use of water in processing
Use of energy in processing

Use of heavy metals/toxins/chemicals during processing.

Environmental impact from extraction and processing:
Water pollution

Ocean acidification

Increased sediment in water courses

Metal contamination (heavy metals)

Soil contamination

Sinkholes

Green-house gas emissions

Air pollution

Loss of biodiversity

Noise pollution.
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LO3 Identify the pressures on the environment from utilising renewable
resources

Crops utilised as raw material for industry:

Timber and related for products, such as: paper; rubber; wood; palm oil
Textile crops, such as: cotton; flax; coir; hemp

Biomaterials for plastics

Biomass for fuel

Food industry crops, such as: cereals; vegetables; fruits; nuts; oils (e.g. olive,
sunflower, rapeseed, vegetable, coconut)

Animal husbandry:

Rearing of animals and their impact on the environment including; depletion of
pasture lands; methane production.

Processing:
Use of water in processing
Use of energy in processing

Use of chemicals and other pollutants during processing.

Environmental impact from cultivation and processing:

Water pollution; consider, e.g. the textile and paper industry
Water supply issues for local population

Increased sediment in water courses

Metal and chemical contamination

Soil contamination; consider, e.g. over farming; stripping of nutrients; salinisation
of the soil; soil degradation

Desertification

Deforestation

Green-house gas emissions

Air pollution; consider processing plants

Loss of biodiversity particularly through stripping land for intensive farming of a
single crop; consider e.g. palm oil production

Non-indigenous planting.
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Renewable Energy:

Sources of energy, including: hydroelectric; tidal; geothermal; ocean energy;
biomass; bio-methane; solar; wind; wood and/or waste incineration; nuclear
(note: the energy can be considered renewable technically but generally the
overall production can be said to be non-renewable)

Issues relating to renewable energy, such as: land usage; Emissions;
Sustainability; consistency in supply; development of fuel cells; development of
increased battery power.

LO4 Explore the challenges for manufacturers and businesses aiming to
improve their environmental management credentials.

Environmental impact, including that of carbon footprint:

Production and manufacture, considering industries such as, but not limited to:
textile; food; packaging; automotive; electrical and electronic; construction

Delivery of goods and services, including: transportation; logistical approach
considering locality

Seasonality.

Approaches to consider from a manufacturers/business perspective:
ldentifying the environmental impacts

Design approach, including: adoption of the concept of ‘building to last’;
recycling/disassembly potential; avoiding planned obsolescence

Minimising waste

Energy efficiency in production

Use of bio-refineries

Influence of costs/finances on the outcomes
Concepts of adopting a ‘worldwide view’
Impact on business models

Resource efficiency

Biomimicry

The role of technology.
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Waste and end of life issues and initiatives:

End-of-life usage and disposal

Retrieval of component parts

‘Reuse, remanufacture, repair, recycle’ model

Energy recovery

Directives targeted at particular goods such as electrical (WEEE directive)
The Waste and Resources Action Programme (WRAP)

Resources and waste strategy (UK).

Global environmental protocols and agreements:

International agreements, including the: Kyoto Protocol; Paris Accord;
Greenhouse Gas Protocol

The politics and economics of sustainability

International frameworks, such as: United Nations strategies; European Union
Emissions Trading Scheme; Sustainability forum such as COP21

Global conventions covering issues, such as: marine life; atmosphere; noise
pollution; freshwater

International specification - ISO14001.
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Learning Outcomes and Assessment Criteria

Pass

Merit ‘ Distinction

LO1 Explain the environmental issues connected with
the biosphere

P1 Explain the concept of | M1 Assess the outcomes D1 Investigate the issues

an Anthropocene era and | arising when an imbalance | surrounding climate change and
suggest whether this is a in the hydrological cycle the potential to limit its impact
valid descriptor of the occurs
present era

P2 Describe the
importance of ocean
health in maintaining and
regulating the biosphere
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Pass

Merit

LO2 Identify the pressures on the environment from

utilising finite resources

‘ Distinction

P3 Identify the extraction
methods and subsequent
uses for two metal ores,
two mined materials and
two fossil fuels

P4 Compare the water
usage when processing a
selection of at least three
different types of finite
resources and note the
typical location of the
processing plants of these
materials

M2 Assess the use of shale
gas as an energy source,
including its advantages
and disadvantages and the
legislation and regulations
surrounding its extraction

LO2 and LO3

D2 Investigate the impact on the
environment on harvesting a
given selection of finite and
renewable resources and
suggest ways by which their
consumption might be managed

LO3 Identify the pressures on the environment from

utilising renewable resources

P5 Identify the use and
disposal of chemicals in
the processing of at least
three different types of
goods derived from
renewable resources

P6 Describe the issues
associated with battery
and fuel cell development

M3 Assess the impact on
the land in the production
of renewable resources
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Pass

‘ Merit

LO4 Explore the challenges for manufacturers and
businesses aiming to improve their environmental

management credentials

‘ Distinction

P7 Assess the importance
of waste management in

managing environmental

resources

P8 Describe the
importance to a business
of adopting a standard
such as ISO14001

M4 Evaluate the impact
global environmental
protocols and agreements
have had on
environmental
sustainability

D3 Justify the steps that must be
taken by a manufacturer or
business in a given sector to
improve its environmental
management credentials
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Recommended Resources

Textbooks

BERNERS-LEE, M. (2010) How Bad Are Bananas? London: Profile Books Ltd.
BOYLE, G., Open University. (2017) Renewable Energy. 4th ed. Oxford: Oxford University

Press.

EVERETT, B., BOYLE, G., PEAKE, S. (2011) Energy Systems and Sustainability: Power for a
Sustainable Future. 2nd ed. Oxford: Oxford University Press.

FENNER, A., AINGER, C. (2013) Sustainable Infrastructures: Principles into Practice.

London: ICE Publishing.

HELM, D. (2015) The Carbon Crunch: Revised and Updated. 2nd ed. New Haven, CT: Yale

University Press.

Web

biospherejournal.org

consultancy.uk

cop21paris.org

fairplanet.org

ghgprotocol.org

gov.uk
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UNESCO Biosphere Journal

UNESCO Biosphere Reserve Management Evaluation:
where do we stand and what's next?

(Article)
Consultancy UK

Circular economy in materials needed for sustainable
growth

(Article)

COP21

(General reference)

Fair Planet

Cradle to cradle - a concept for an ideal circular economy
(Article)

Greenhouse Gas Protocol

(General reference)

UK Government

Resources and Waste Strategy

(Report)
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Irga.co.uk

nationalgeographic.org

populationinstitute.org

stockholmresilience.org

un.org

wrap.org.uk

wri.org

Links

Lloyd's Register

ISO 14001: Environmental Management System

Standards

(General reference)
National Geographic
Biosphere

(General reference)

The Population Institute
Demographic Vulnerability Report
(Report)

Stockholm Resilience Centre
News about Biosphere
(Research)

United Nations

Integrating Population Issues into Sustainable
Development

(Report)

The Waste and Resources Action Programme
(Report)

World Resources Institute

Managing environmental impact

(General reference)

This unit links to the following related unit:

Unit 20: Introduction to Material Properties and Applications
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Unit 13: Human Health and Nutrition

Unit code D/617/5370

Unit level 4

Credit value |15

Introduction

The food we consume directly influences the functions of our body. Our bodies need
adequate nutrition, otherwise they begin to function abnormally. We can optimise our
physical and psychological wellbeing by consuming a healthy balanced diet.

This unit aims to equip the student with the knowledge, skills and competencies to
understand the nutritional composition of food and the effects of nutritional choices
on the health of a person. Students will gain knowledge of the importance of eating a
balanced diet and the dangers associated with the consumption of a poor diet. They
will focus on diet prescription for specific populations and gain an understanding of
labelling systems, and the pitfalls that can be associated with them.

Students will research current therapeutic diets for specific groups with intolerances
and diseases, while also investigating fad diets. Students will learn about the
components of the digestive system and how it functions, and will become familiar
with the academic language associated with nutrition. Within this unit students will
engage in self-directed learning.
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Learning Outcomes

By the end of this unit, a student will be able to:

1 Identify the main components of nutrition for optimal health and physical
condition

2 Explain the main components of the digestive system and the factors that affect
optimal function

Investigate the connection between food consumption and disease

4  Explore a range of specific diets, with particular focus on their dietary principles.
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Essential Content

LO1 Identify the main components of nutrition for optimal health and physical
condition

Definition, structure, function and sources of micro and macro nutrients:
Protein, lipids, carbohydrates, vitamins and minerals

Food pyramid and food groups

Cholesterol

Deficiencies of micro and macro nutrients

Effects of dehydration

The importance of soluble and insoluble fibre in the diet

Superfoods.

The nutritional needs of specific populations in society:
Athletes, children, young people, adults, the elderly, and pregnant mothers
Nutritional supplements

Potential benefits from nutritional supplements.

Food labels:

Labelling systems, e.g. the traffic light system

Nutritional information, e.g. ingredients and additives
Marketing tools, brand imaging, the effectiveness of food labels

Review the European Union (EU) labelling laws.
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LO2 Explain the main components of the digestive system and the factors that
affect optimal function

Physiology of the digestive system and ancillary organs:

Functions of the digestive system, e.g. mechanical and chemical digestion
Functions of the liver, pancreas, gall bladder and the kidneys

Five phases involved in the digestive process

Different processes involved in digestion and where they occur - ingestion of
food, breakdown, digestion, absorption, and egestion.

Microbiome and microbiota:

Microbiome, in terms of its function and the microbiota that inhabit it
Role of microbes in sustaining a healthy gut; leaky gut

Microbiome and the pathophysiology of the body

Healthy diet in maintaining a healthy gut, consumption of prebiotics and
probiotics.

LO3 Investigate the connection between food consumption and disease

Disordered physiological processes:
Energy balance, input versus output, calculation, Harris Benedict equation

Poor dietary habits, e.g. atherosclerosis, hypodyslipidaemia, hypertension, joint
problems, obesity, type 2 diabetes, coronary heart disease, inflammatory
disorders, depression, anxiety and food intolerance.

Factors leading to these conditions:
Dietary gaps that lead to deficiencies

Dietary improvements to improve health.

Nutritional tests, medical tests:

Heart angiogram, food tolerance tests, foetal test, urine test, small intestine
biopsy for microbes, cholesterol test, vitamin D deficiency test, and others.
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LO4 Explore a range of specific diets, with particular focus on their dietary
principles

Prescriptive diets:

Diets for optimal physical condition, athletic diet for strength and endurance,
coeliac diet, lactose intolerant diet, vegan diet, diabetic diet, vegetarian.

Dysfunctional diets:

High fat diet, processed food diet, high sugar diet, high alcohol diet.

Fad diets:

Atkins diet, celebrity diet, slim diet plan, 5:2 diet, probiotic diet, apple cider
vinegar diet, Mediterranean diet, the keto diet, fodmap diet.
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Learning Outcomes and Assessment Criteria

Pass

Merit

LO1 Identify the main components of nutrition for
optimal health and physical condition

‘ Distinction

P1 Outline the structure,
function and sources of
micro and macro nutrients

P2 Explain the impact of
micro and macro nutrients
on optimal health and
physical condition from
deficiencies

P3 Describe the specific
nutritional requirements of
specific populations

M1 Justify why labels are
important for the
consumer

M2 Explore food labelling
laws in regards to
additives, nutritional
information and
ingredients lists

D1 Analyse different food labels,
discuss their nutritional benefits
and shortcomings, paying
particular attention to any
additives that may be in the
ingredients

LO2 Explain the main components of the digestive
system and the factors that affect optimal function

P4 Explain the physiology
of the digestive system
and ancillary organs

P5 Explain the importance
of a healthy diet in
maintaining a healthy gut

M3 Explore the functional
properties of the
microbiome

D2 Analyse how the microbiome
can affect the pathophysiology
of the body
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Pass ‘ Merit ‘ Distinction

LO3 Investigate the connection between food
consumption and disease

P6 Explore specific M4 Review the range of D3 Explore nutritional
disordered physiological nutritional tests that are recommendations that could be
processes that can occur available to people implemented to reverse or

due to poor dietary habits | suffering from nutrition improve these conditions

and the factors leading to | related conditions
these conditions

LO4 Explore a range of specific diets, with particular
focus on their dietary principles

P7 Differentiate between M5 Compare and contrast | D4 Evaluate the validity of these
fad diets, prescriptive diets | one of each diet category: | diets based on scientific

and dysfunctional diets fad diet, prescriptive diet, research and medical statistics
and dysfunctional diet
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Recommended Resources

Textbooks

BEEN, A. (2017) The Complete Guide To Sports Nutrition. 8th ed. London: Bloomsbury
Sport.

HOLFORD, P. (2004) The Optimum Nutrition Bible. London: Piatkus.

HOLFORD, P. (2010) Optimum Nutrition For The Mind (e-book). London: Piatkus.
MAYER, E. (2016) The Mind Gut Connection. New York: Harper Wave.
PERLMUTTER, D. (2015) Brain Maker. London: Yellow Kite.

Web

food.gov.uk Food Standards Agency
Allergies/intolerances (Research)
Regulation/legislation (General reference)
Food alerts (Discussion forum)

nutrition.org.uk British Nutrition Foundation
(General reference)

Links

This unit links to the following related units:

Unit 6: Anatomy and Human Physiology

Unit 14: Food Technology

Unit 43: Investigating the Properties of Food Molecules
Unit 44: Advanced Health and Nutrition

Unit 45: Nutritional Diseases and Disorders
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Unit 14: Food Technology

Unit code H/617/5371

Unit level 4

Credit value |15

Introduction

The aim of this unit is to develop a working knowledge of the processes and methods
used in the development of new food products. Food technology is an important
industry as we seek new and novel ways of feeding a growing global population with
increasingly limited resources.

Students will study the human and design factors affecting how new dietary options
are created, and the processes involved in developing these new food products.
There will be emphasis on hygiene and legislation throughout, to ensure a working
knowledge of the importance of food safety. Methods of food preservation through
packaging and other means will be part of the developmental process.

The student will be directed to produce a final product, using the processes and
methods taught, and to complete an evaluation of their product in terms of not just
the food value, but also the economic viability.

On completion of this unit, the student will possess a working knowledge of Food
Technology, which can allow them to move directly into employment in this area, or to
progress into honours degree programmes.
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Learning Outcomes

By the end of this unit, a student will be able to:

—

Describe the human factors that affect the development of new food products
2 Investigate the factors affecting the design of new food products

3 Investigate the process of developing new food products
4

Apply manufacturing processes to develop a food product.
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Essential Content

LO1 Describe the human factors that affect the development of new food
products

Dietary needs:

Age

Physiological condition
Ethnic and religious taboos
Food allergies

Lifestyle choices - vegetarian/vegan.

Health:

Nutritional diseases and disorders: obesity, diabetes, heart disease, dental caries,
hypertension and sodium.

Social factors:

Family circumstances: composition of family, lifestyle, work/leisure balance,
culture, economic status.

Dietary planning:
Composition of diet plans
Sources of nutrients

A balanced diet and application of current healthy eating recommendations.
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LO2 Investigate the factors affecting the design of new food products

Opportunities for product development:
Legislation
Changes in world food resources

World food transport logistics.

Food Safety and Hygiene:
Factors affecting the growth of microorganisms

Contamination of food: physical, chemical, biological.

Legislation:
Current food safety legislation
Current food hygiene legislation

Food labelling legislation.

LO3 Investigate the process of developing new food products

Analysis of existing products:

Lifecycle: evolution, introduction, growth, maturity and decline.

Design for manufacture:
Concept development
Screening, commercial liability
ICT - CAD/CAM

Marketing and communication, launch of product.

Health and social implications:

Quality control systems

HACCP

Environmental sustainability of product, packaging and ingredients
Seasonality of ingredients

Carbon footprint

Choice of materials for packaging

Social, moral and economic implications.
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LO4 Apply manufacturing processes to develop a food product

Processing methods:
Heat transfer methods

Methods of food preparation: bakery, meat and fish, dairy, vegetables and fruit,
novel food ingredients.

Use of tools and equipment:
Range of preparatory equipment
Hygiene, safe food handling, refrigeration

Range of cooking equipment.

Preservation of food:

Preservatives

Reduction of oxygen

Packaging in vacuum

Increased or decreased temperature
Irradiation

pH.

Evaluation of product:
Sensory evaluation
Aesthetic appeal

Suitability for the intended market: nutritional value, value for money.
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Learning Outcomes and Assessment Criteria

Pass

Merit ‘ Distinction

LO1 Describe the human factors that affect the
development of new food products

P1 Describe how age, M1 Create and assess the | LO1 and LO2
health and social factors suitability of a dietary plan
affect the development of | for a given subject

new food products

D1 Evaluate the importance of
human and design factors in the
development of new food

P2 Describe the process of products

planning diets

LO2 Investigate the factors affecting the design of new
food products

P3 Identify what M2 Analyse the
opportunities affect food | effectiveness of current
development food safety and hygiene

legislation in the
production of new food
products

P4 Investigate the role of
food safety, hygiene and
legislation in product
development
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Pass

‘ Merit

LO3 Investigate the process of developing new food

products

‘ Distinction

P5 Explain the process of
developing new food
products

P6 Describe the health
and social implications of
new food product
development

M3 Create in detail, a
design for a food product

LO3 and LO4

D2 Evaluate, using appropriate
methods, the design and
production of the food item
created

LO4 Apply manufacturing processes to develop a food

product.

P7 Explain the importance
of correct equipment and
processing methods

P8 Explain the reasons for,
and methods of food
preservation

P9 Create, using
appropriate equipment
and processing methods,
a food product for a given
subject

M4 Justify the equipment
and processing methods
used to create the food
product
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Recommended Resources

Textbooks

CAMPBELL-PLATT, G. (Ed). (2017) Food Science and Technology. 2nd ed. Hoboken, NJ:
Wiley-Blackwell.

GEISSLER, C., POWERS, H. (2017) Human Nutrition and Dietetics. 13th ed. Oxford: Oxford
University Press.

PROUDLOVE, R.K. (2009) The Science and Technology of Foods. 5th ed. Wallingford:
Forbes Publications Ltd.

Web
chilledfood.org Chilled Food Association
(General reference)
ec.europa.eu European Commission
Food, Farming, Fisheries - Food Safety in the EU
(General reference)
fdf.org.uk Food and Drink Federation
(General reference)
foodmanufacture.co.uk Food Manufacture Magazine
(General reference)
thegrocer.co.uk The Grocer Magazine
(General reference)
hfma.co.uk The Health Foods Manufacturer’'s Association
(General reference)
hse.gov.uk Health and Safety Executive

Food and Drink Manufacture
Policies and Inspectorate

(General reference)
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Links

This unit links to the following related units:

Unit 13: Human Health and Nutrition

Unit 43: Investigating the Properties of Food Molecules
Unit 44: Advanced Health and Nutrition

Unit 45: Nutritional Diseases and Disorders
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Unit 15: Introduction to Polymer Materials and
Properties

Unit code K/617/5372

Unit level 4

Credit value |15

Introduction

The development of materials throughout the ages has enabled all manner of
technological leaps in human progress. One only has to think of the great ages of
mankind as defined by the material essential to their time; stone age; bronze age; iron
age. It can be argued that we are currently living through the polymer age with all the
advantages, and sometimes controversy, that entails.

Polymers, such as plastics and rubbers, are so widely used that they can be found in
nearly every industry and in many aspects of our lives. The reasons why they are so
integrated into modern living are manifold and diverse. Not least among these is the
sheer range of materials available to the manufacturer.

Plastic materials are continually being developed and their range extended by co-
polymerisation, blending and modification. These materials are on the whole
synthetic in nature but increasingly natural or biodegradable polymers are becoming
mainstream. Rubbers too can take many forms, also starting as natural materials, but
now with many synthetic varieties.

This unit will introduce these materials in their varying forms, relate structure to
properties and show how they can be modified and adapted. It will also introduce the
concept of data sheets and show how these can be interpreted.

On successful completion of this unit, the student will be able to classify forms of
polymer materials and be able to identify a range of materials within each
classification in terms of their characteristics and properties. They will also have a
grounding on the various methods utilised to modify these materials in order to
manipulate specific properties.
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Learning Outcomes

By the end of this unit, a student will be able to:

1 Identify the advantages and limitations of utilising a polymer material over other
suitable materials for the same product

2 Define polymers in terms of their classifications and sub-groups, and in relation to
their structure

Identify the properties that characterise the behaviour of a polymer

4  Explain how a polymer can be modified through the use of additives, blending or
co-polymerisation.
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Essential Content

LO1 Identify the advantages and limitations of utilising a polymer material over
other suitable materials for the same product

Considerations made when selecting a material for use, including but not limited to:

Density/weight, especially in areas of transportation; aerospace; consumer
products

Colourability, in terms of natural colour of base polymer; ease of pigmentation;
surface coating

Environmental behaviour; resistance to corrosion in a wet environment;
environmental stress cracking (ESC); behaviour when exposed (ozonation,
oxidation); reaction to humidity (swelling)

Insulating effects, in terms of thermal or electrical conductivity

Range of materials available; ability to compound or otherwise tailor properties
Availability and cost factors

Design flexibility; freedom of design; potential to produce complex shapes

Economy of processing; ease of processing; processing energy consumption;
complexity of shape without the need for joining

End-of-life considerations; repurposing; recycling; disposal.
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LO2

LO3

232

Define polymers in terms of their classifications and sub-groups, and in
relation to their structure

Polymers:

Thermoplastic, including the sub groupings; amorphous; crystalline
Thermoset

Elastomers (including rubbers)

General classing of, commodity; engineering; speciality/high performance; in
terms of usage; costing; general physical attributes

Molecular structure in relation to classifications and groupings including;
tacticity; linearity; branching; cross-linking; length and distribution; spherulitic
growth and number; lamellar structure

Molecular bonding forces and intermolecular forces

Effects of temperature in terms of molecular movement and transitions
including; Tg; Tm; Tc

Variances in molecular attributions and transition temperatures in basic terms of
strength; rigidity; opacity.

Identify the properties that characterise the behaviour of a polymer

Mechanical properties:

Tensile; flexure; compression; strength; stiffness; impact; hardness; toughness;
fracture; wear.

Chemical properties:

To include polymer behaviour when in contact with a range of chemical
elements.

Electrical properties:

Electrical conductivity; Resistivity.

Other relevant properties:
Thermal properties
Optical properties

Magnetic properties.
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Property comparison and evaluation:

Interpretation of data from secondary sources such as manufacturer’s data
sheets or design specifications.

LO4 Explain how a polymer can be modified through the use of additives,
blending or co-polymerisation.

Categorise the additive type in terms of:

Chemical compound seeking to impart properties such as: lubricants; process
aids; blowing agents; plasticisers; antimicrobials; antioxidants; impact modifiers;
light stabilisers; pigments; flame retardants

Particulate filler in the form of, for example: chalk; clay; talc; carbon black; wood
flour; glass beads; nanotubes

Fibre reinforcement in the form of: glass: carbon; aramid; nylon; polyester.

Purpose of additive inclusion:

Control shrinkage; Control warpage; Extend the raw material (economic
benefits); Stiffen product; Pigmentation; Reduce creep.

Other modifying considerations:
Rubber compounding
Blending; miscibility; entropy
Polymerisation techniques

Co-polymerisation; mechanisms and definitions of co-polymerisation.
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Learning Outcomes and Assessment Criteria

Pass ‘ Merit ‘ Distinction

LO1 Identify the advantages and limitations of utilising a
polymer material over other suitable materials for the
same product

P1 Identify a polymer- M1 Assess the significance | LO1 and LO2
based product of choice of considering limitations
and detail its general in the capabilities of a
attributes polymer material when
deciding on its suitability to
a particular application

D1 Evaluate the characteristics
that enable a particular polymer
type and/or grouping to be

P2 Explain the reasons selected, and show how

behind the choice of structure influences this
polymer material, while selection

making comparisons to
other material types such
as metal, ceramic or
natural

LO2 Define polymers in terms of their classifications and
sub-groups, and in relation to their structure

P3 Explain the various M2 Explain the
classifications of a fundamental expectations
polymer, with an emphasis | from each sub group in
on their underpinning terms of, e.g. usage, cost,
structure manufacturing ease,
availability and handling
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Pass

‘ Merit

LO2 Define polymers in terms of their classifications and
sub-groups, and in relation to their structure

‘ Distinction

P4 |dentify the general
difference in properties
exhibited by the main
polymer types of
thermoplastics,
thermosets and
elastomers

P5 Compare the properties
of a range of polymers and
relate these to its
microstructure

M3 Assess the importance
of published data sheets,
and their correct
interpretation, in
determining the properties
of a material destined for a
specific application

LO3 and LO4

D2 Analyse the effects on the
properties of a particular
polymer, both detrimental and
beneficial, following the
incorporation of a given additive.
The answer ought to consider
the properties before and after
incorporation of an additive

LO4 Explain how a polymer can be modified through the
use of additives, blending or co-polymerisation.

P7 Identify how properties
may be tailored through
the use of additives

P8 Explore areas of
application where
modification would be
beneficial

M4 Assess whether
additives can be used to
enhance certain properties
in @ more effective manner
than through blending or
co-polymerisation
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Recommended resources

Textbooks

DEVLIN, T.M. (2019) Textbook of Biochemistry with Clinical Correlations. 8th ed. Hoboken,
NJ: John Wiley & Sons, Inc.

MATHEWS, C.K., VAN HOLDE, K.E., APPLING, D.R., ANTHONY-CAHILL, SJ. (2012)
Biochemistry. 4th ed. New York: Pearson Education Ltd.

NELSON, D.L., COX, M.M. (2017) Lehninger Principles of Biochemistry. 7th ed. New York:
W.H. Freeman.

SOLOMON, E., MARTIN, C., MARTIN, D., BERG, L. (2018) Biology. 11th ed. Boston, MA:
Cengage Learning Inc.

STRYER, L., BERG, J.M., TYMOCZKO, J.L. (2002) Biochemistry. 5th ed. New York: W.H.
Freeman.

VOET, ).G., PRATT, C.W., VOET, D. (2012) Principles of Biochemistry. 4th ed. Hoboken, NJ:
John Wiley & Sons, Inc.

Web
biochemden.com Biochemistry Den
(General reference)
biochemweb.net BioChemWeb.net
(General reference)
biology-pages.info Kimball's Biology Pages
Fundamentals of Biochemistry
(General reference)
khanacademy.org Khan Academy
Amino acids, proteins and enzymes
(General reference)
metacyc.org MetaCyc

Metabolic pathways and regulation

(General reference)
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Links

This unit links to the following related units:

Unit 1: Fundamentals of Laboratory Techniques

Unit 2: Scientific Data Handling Approaches and Techniques
Unit 4: Cell Biology

Unit 5: Fundamentals of Chemistry

Unit 6: Anatomy and Human Physiology

Unit 8: Organic Chemistry

Unit 13: Human Health and Nutrition
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Unit 16: Polymer Manufacturing Techniques

Unit code M/617/5373

Unit level 4

Credit value |15

Introduction

Polymers, that is to say plastics and rubbers, possess an ability to be shaped
economically, even when complex shapes are required. This relative ease of
production, where products can be manufactured in a single process, can mitigate the
sometimes several-staged operation necessary in more conventional materials such
as metals or ceramics.

There are additional economic and environmental advantages, particularly when one
considers the temperature range within which polymers can be processed, generally
far lower than their more traditional counterparts. Lower processing temperatures
lead to less energy usage, and so lower emissions and associated carbon footprint.
Moreover, there are a number of polymer processes available to the manufacturer, so
offering a greater choice when seeking a best fit to requirements.

This unit sets out to describe, in general terms, the steps involved in transforming the
raw material into the required shaped by considering a number of factors, both
physical and economical. A more detailed approach will then be taken to describe the
two main processes used in the polymer manufacturing industry before the other
commonly utilised processes are then explored.

Following this unit, the student be informed of the range and scope of major
processing techniques. They will also be informed of other issues surrounding
processing, so giving them the tools to be aware of, and make decisions about, the
processes best suited for an application. They will also be cognisant as to why a
particular process is chosen for a product.
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Learning Outcomes

By the end of this unit, students will be able to:

1 Identify the principles of processing that determine the choice of polymer for a
particular product

2 Investigate extrusion and extrusion-related processes

3 Investigate the injection moulding process and injection-related moulding
techniques

4  |dentify other key polymer processing techniques available to the manufacturer.
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Essential content

LO1 Identify the principles of processing that determine the choice of polymer
for a particular product

Overview of material influences:

Thermoplastics: form of raw material (powder; granules; beads);
heating/temperature requirements; shaping; cooling

Thermosets: Form of raw material; pre-polymer (linear or branched molecules);
heating/temperature; shaping; additional heating; fixing shape (chemical
reaction; 3D network; crosslinking/curing/permanent set)

Rubbers: recipe/formulation; sequential addition; mastication;
heating/temperature; shaping; additional heating; fixing shape.

Factors influencing choice of process:

Consider for example: shape of the product; numbers required; consider capital
costs for tooling, e.g. moulds or dies; physical form of the raw material.

Basic introductory overview of important processes:

Consider for example: injection moulding; extrusion; compression moulding;
blow moulding; thermo (vacuum) forming.

Basic introduction of specific processes for liquid polymers:

Consider long and short fibre processes, for example; hand lay-up; spray-up;
pultrusion; filament winding; resin transfer moulding; SMC/DMC Moulding;
subsidiary processes.

Overview of other operations within the manufacturing process:
Material handling and storage

Materials feeding to the processing machine

Control of the machine

Product removal; robotics

Finishing operations, potentially including, removal of flash; printing; painting;
foiling; machining; assembly

Assembly: welding; adhesion; snap-fit.
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LO2 Investigate the extrusion and extrusion-related processes

Construction of the extruder and ancillary equipment:

Hopper (use of agitator or conveyor); barrel; motor and gearing; heaters (heating
zones); archimedean screw; breaker plate; screen pack; die; control unit; haul off;
in-line testing.

Function of the extruder:

Screw, including consideration of; feeding; conveying; fusion; homogenisation;
and the behaviour of the polymer melt in terms of; flow; viscoelasticity

Purpose of: flights; land length; pitch/helix angle

Die shaping including die types and configurations and effect on the melt, e.g.
die swell

Consideration of haul off system, including; function; speed; support;
conveyance medium; automatic monitoring; testing; cooling (rate - effects on e.g.
crystallinity, shrinkage, and medium e.g. water, air) and solidification

Post manufacture considerations: product cutting/reeling; coding; quality tests;
packaging; storage; dispatch.
Overview of specialist applications of extrusion:

Co-extrusion, including: co-axial dies; tapered machines; compound machines;
cascading extrusion; cable/wire coating.

Extrusion blow moulding:

Extrusion blown film line, including: Downstream components e.g. die, collapsing
rolls; bubble inflation; freeze line

Extrusion blow moulding: including parison formation and mould.
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LO3

242

Investigate the injection moulding process and injection-related moulding
techniques

Elements to consider in the injection moulding process:

Part design; mould design; mould fabrication; selection of correct machine and
process settings; post mould operations; assembly

Thermal considerations, including; understanding of heat exchange;
temperature; thermal conductivity; mechanical considerations

Considerations for thermoset materials, include; moulding process; mould; flow;
shrinkage; test for cure.

Injection Moulding process and equipment:
Process entails; plasticising; moulding

Equipment includes; hopper; cylinder/barrel; reciprocating screw; heating
system; drive motor

Mould considerations, include; gating system; heating system; ejector system

Examples of other injection-based moulding:

Injection blow moulding: consider machine set-up; mould stages; preform
production; injection-blowing-ejection cycle; typical products

Gas assist: consider elements including; advantages; typical materials utilised;
typical products

Consider method of operation, including: internal and external gas injection; full
shot; short shot; moving core

Resin transfer: consider materials used, typical products and methods of
operation, including: process elements; catalyst; resin; pump; mixing head;
mould; fibre pack

RAM injection: consider advantages and typical applications. elements of process
including: injection chamber; RAM operation; torpedo.
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LO4 Identify other key polymer processing techniques available to the
manufacturer.

Vacuum forming also known as thermoforming:

Consider elements, including; form of material to be moulded; typical materials
utilised; material selection limitations

Process steps, including; clamping; heating; forming; pressure; vacuum; removal;
trimming; finishing

Mould considerations and impact on moulding outcome and number; male;
female; mould material.

Compression moulding:

Configuration, including, for example; up-stroke; down-stroke; horizontal platens
(fixed, moving); daylight (single, multiple).

Rotational moulding:

Consider issues including; raw material form; machine configuration for
example; mould chambers; heaters; loading/unloading bay; drive motor.

3D printing:

Consider, for example; typical materials; techniques utilised; design; cycle time.

Fibre reinforced moulding:

Consider techniques for example; hand lay-up; spray-up; pultrusion; filament
winding; SMC/DMC moulding

Consider: equipment; processes; raw materials.
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Learning Outcomes and Assessment Criteria

Pass

| Merit

LO1 Identify the principles of processing that determine the
choice of polymer for a particular product

| Distinction

P1 Identify the
considerations involved in
selecting the best processing
methods for a given range of
polymers

P2 Show how product shape
can greatly influence the
choice of manufacturing
process.

M1 Illustrate how product
size, and numbers required,
can make one manufacturing
technique more economical
than another

D1 Recommend the best
suited production method
for a given product, noting
the steps taken on making
this decision, and outline the
journey made through the
process from raw material to
finished product

processes

LO2 Investigate the extrusion and extrusion-related

LO2 and LO3

D2 Compare the main

P3 Describe the journey a
given polymer takes when
travelling through an
extruder

P4 |dentify the issues to be
considered when selecting
the correct die for a given
application

M2 Analyse the various
screw and extruder
configurations available and
suggest where they may be
applied in a manufacturing
context

factors relating to the
processing of blown
products, that is, products
that have been processed via
a blown film line, extrusion
blow moulded or injection
blow moulded

related moulding techniques

LO3 Investigate the injection moulding process and injection-

P5 Identify the
considerations made when
injection moulding a given
thermoset material

P6 Review a set number of
the injection moulding
processes available and
suggest typical products for
each

M3 Assess the reasons an
injection moulding process is
selected for a given
application, and show how
the polymer material
behaves when transported
through the system
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LO4 Identify other key polymer processing techniques

available to the manufacturer

P7 Identify the advantages
and disadvantages of
utilising the vacuum forming
process over other moulding
techniques

P8 Explain how the rotational
moulding process operates
from raw material to finished
product

M4 Describe the steps taken
when producing a product
through the compression
moulding process and show
how these steps may require
adjustment depending on
whether the raw material is a
thermoset or rubber

Distinction

D3 Differentiate between the
various methods of
manufacture for reinforced
polymers and suggest a
typical product resulting
from each technique
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Recommended resources

Textbooks

BAIRD, D.G., COLLIAS, D.l. (2014) Polymer Processing: Principles and Design. 2nd ed.
Hoboken, NJ: Wiley-Blackwell.

MORTON-JONES, D.H. (2013) Polymer Processing. New York: Chapman and Hall.
STRONG, A.B. (2005) Plastics: Materials and Processing. 3rd ed. Harlow: Pearson
Education Ltd.

Web
bpf.co.uk The British Plastics Federation
(General reference)
hardiepolymers.com Hardie Polymers
Knowledge: Polymer Manufacturing
Processes
(General reference)
Links

This unit links to the following related units:

Unit 12: Managing Environmental Resources

Unit 15: Introduction to Polymer Materials and Properties
Unit 20: Introduction to Material Properties and Applications

Unit 42: Materials Life Cycle and the Circular Economy
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Unit 17: Fundamentals of Biochemistry

Unit code T/617/5374

Unit level 4

Credit value |15

Introduction

Biochemistry is the study of chemical substances and vital processes that occur in
living organisms. It involves the study of the structure and function of cellular
components, such as proteins, carbohydrates, lipids, nucleic acids, and other
biomolecules, and of their functions and transformations during life processes. Its
main objective is to understand how biomolecules relate to a particular process within
a living cell. This unit serves as an introduction to the fundamentals of biochemistry
with emphasis on the structure of biomolecules in the cell.

This unit will introduce students to the biochemical building block molecules amino
acids, monosaccharides, nucleotides and fatty acids. The unit will also give the student
an opportunity to develop an appreciation and understanding of how the structure of
macromolecules are determined by the chemical structure and functional group
chemistry of the building block molecules.

The unit will introduce students to the structure, catalytic function and properties of
enzymes. The different classes of enzymes shall be explored. The unit will also
introduce students to processes and biomolecules involved in cellular respiration. The
students will be introduced to the role of enzymes and electron carriers in the
respiration process.
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Learning Outcomes

By the end of this unit, students will be able to:

1 Describe the chemical principles that apply to the structures of biological building
block molecules

2 Explain the structures of biological macromolecules
Explain the structure, catalytic function and characteristic of enzymes

4 Outline the stages involved in cellular respiration.
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Essential content

LO1 Describe the chemical principles that apply to the structures of biological
building block molecules

Functional group chemistry and properties of amino acids, monosaccharides,
nucleotides and fatty acids:

Structure of an amino acid

Classes of amino acid side chains, including: polar, nonpolar, acidic and basic
amino acid side chains

D and L classification of amino acids

Isoelectric points

Chemical structure of monosaccharides, to include aldoses and ketoses
Cyclic structure of aldoses and ketoses

Structure of the nucleotide, including: the phosphate group, ribose/deoxyribose
and the nitrogenous base

The purines and pyrimidines

The difference between nucleotides and nucleosides
Fatty acid structure

Saturated and unsaturated fatty acids

Cis and trans fatty acids and melting points.

Tests to identify classes of amino acids, monosaccharides and fatty acids:

Perform a number of tests to identify amino acids: The ninhydrin reaction to
identify proline, containing amides (NH>) in their side chains, containing benzene
rings, containing thiol groups

Benedict's test for reducing sugars
Test for non-reducing sugars to determine if fructose is present

Emulsion test for lipids.
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LO2 Explain the structures of biological macromolecules

How the biological building block molecules are joined together to form
macromolecules:

Condensation reactions

The formation of the peptide bond

The formation of the glycosidic linkage

The formation of the phosphodiester linkage
The ester linkage of fatty acids to glycerol

The formation of phospholipid bilayers and membrane bilayers from lipids and
proteins

How hydrolases use water to cleave chemical bonds.

The major features of proteins, polysaccharides, nucleic acids and fats:

How secondary structures of proteins are determined by hydrogen bonding
The bonds and attractions that determine the tertiary structure of proteins
Quaternary structure of proteins

The difference between a globular and fibrous protein

Difference between a and B glycosidic linkages

The difference in structure between glycogen, starch and cellulose

The structure of DNA and RNA

The structure of neutral lipids.
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LO3 Explain the structure, catalytic function and characteristic of enzymes

The structure, catalytic function and characteristic properties of enzymes:
How enzymes act as catalysts

Role of amino acid side chains in active sites

Induced fit model of enzyme substrate formation

Classes of enzymes based on the reactions they catalyse

How enzymes are organised into pathways

Feedback inhibition

How phosphorylation can inhibit the activity of an enzyme

Allosteric enzymes.

Determine experimentally the optimum pH and temperature of an enzyme:

Conduct experiments to determine the optimum pH and Temperature for an
enzyme.

LO4 Outline the stages involved in cellular respiration

Glycolysis:

Energy investment phase

Energy yielding phase

Glucose, glyceraldehyde 3 phosphate, pyruvate.

Acetyl coenzyme A, the citric acid cycle and the electron transport chain.

The formation of acetyl coenzyme A

The citric acid cycle: oxaloacetate, acetyl coenzyme A, citric acid, a-ketoglutarate
The role of NADH and FADH

Transfer of Electrons from NADH and FADHz resulting in the formation of ATP.
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Learning Outcomes and Assessment Criteria

Pass

| Merit

LO1 Describe the chemical principles that apply to the
structures of biological building block molecules

P1 Describe the functional
group chemistry and
properties of amino acids,
monosaccharides,
nucleotides and fatty acids

P2 Carry out a series of tests
to identify classes of amino
acids, monosaccharides and
fatty acids

M1 Explain the role of the
glycosidic OH group in the
formation of
monosaccharide cyclic
structures and disaccharide
a and B glycosidic links

LO2 Explain the structures of biological macromolecules

P3 Explain how biological
building block molecules are
joined together to form
proteins, polysaccharides
and phospholipid bilayers

P4 Describe the main
structural features of
proteins, polysaccharides,
nucleic acids and fats

M2 Analyse how enzymes in
the digestive system
breakdown biological
macromolecules to their
biological building block
molecules

Distinction

LO1 and LO2

D1 Analyse the importance
of functional group
chemistry and chemical
attraction in determining the
structure and properties of
proteins, polysaccharides
and membrane bilayers
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Pass

Merit

LO3 Explain the structure, catalytic function and

characteristics of enzymes

P5 Explain the structure,
catalytic function and
characteristic properties of
enzymes

P6 Determine
experimentally the optimum
pH and temperature of an
enzyme

M3 Explain how enzymes
combine their functions to
form metabolic pathways
and the methods they use to
inhibit those pathways

LO4 Outline the stages involved in cellular respiration

P7 Describe the process of
glycolysis

P8 Explain the creation of
acetyl coenzyme A, the
events of the citric acid cycle
and the events of the
electron transport chain

M4 Describe where the net
yield of ATP, which results
for each molecule of glucose
that enters glycolysis, is
derived from in the cellular
respiration process

Distinction

LO3 and LO4

D2 Analyse the enzymes
involved in cellular
respiration, the reactions
that they catalyse and the
optimum conditions for their
use and identify the key
stages where ATP is
produced and required
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Recommended resources

Textbooks

DEVLIN, T.M. (2019) Textbook of Biochemistry with Clinical Correlations. 8th ed. Hoboken,
NJ: John Wiley & Sons, Inc.

MATHEWS, C.K., VAN HOLDE, K.E., APPLING, D.R., ANTHONY-CAHILL, SJ. (2012)
Biochemistry. 4th ed. New York: Pearson Education Ltd.

NELSON, D.L., COX, M.M. (2017) Lehninger Principles of Biochemistry. 7th ed. New York:
W.H. Freeman.

SOLOMON, E., MARTIN, C., MARTIN, D., BERG, L. (2018) Biology. 11th ed. Boston, MA:
Cengage Learning Inc.

STRYER, L., BERG, J.M., TYMOCZKO, J.L. (2002) Biochemistry. 5th ed. New York: W.H.
Freeman.

VOET, ).G., PRATT, C.W., VOET, D. (2012) Principles of Biochemistry. 4th ed. Hoboken, NJ:
John Wiley & Sons, Inc.

Web
biochemden.com Biochemistry Den
(General reference)
biochemweb.net BioChemWeb.net
(General reference)
biology-pages.info Kimball's Biology Pages
Fundamentals of Biochemistry
(General reference)
khanacademy.org Khan Academy
Amino acids, proteins and enzymes
(General reference)
metacyc.org MetaCyc

Metabolic pathways and regulation

(General reference)
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Links

This unit links to the following related units:

Unit 1: Fundamentals of Laboratory Techniques

Unit 2: Scientific Data Handling Approaches and Techniques
Unit 4: Cell Biology

Unit 5: Fundamentals of Chemistry

Unit 6: Anatomy and Human Physiology

Unit 8: Organic Chemistry

Unit 13: Human Health and Nutrition

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022

255



Unit 18: Microbiological Techniques

Unit code A/617/5375

Unit level 4

Credit value |15

Introduction

Microbiology is the study of microscopic organisms that are too small to see with the
naked eye and includes bacteria, fungi, protozoa and viruses. Microbiological
techniques are methods used for the study of microbes and they include techniques
in how to culture, stain, identify, engineer and manipulate microbes. Despite the
negative effect microbes can have on human health they also play an important role
in our lives.

This unit introduces students to the diverse world of microorganisms, including
bacteria, viruses, fungi and protozoa. It examines the cell biology of microorganisms
and looks at the specialised structures of different groups of microorganisms.

This unit will also examine methods for collection of microbial specimens from
patients, Students will use a range of aseptic techniques to culture and grow a variety
of microorganisms, and be able to understand their requirements for growth as well
as use a range of biochemical tests to identify gram-positive and gram-negative
bacteria.

Factors that affect the growth of microorganisms will be investigated, using a range of
measurement techniques, and will be contextualised so that students understand
how these can be manipulated within industry to ensure optimum yield.

The economic importance of bacteria will be explored, and students will gain an
insight into how the metabolism of some microorganisms can be utilised for the
benefit of humans.
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Learning Outcomes

By the end of this unit, students will be able to:
1 ldentify the molecular structures and functions found in different microorganisms

2 Carry out aseptic techniques to culture a range of microorganisms, and use
biochemical tests to identify different bacterial species

Explore the factors that affect the growth of microorganisms

4 Evaluate the economic importance of bacteria.
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Essential content

LO1 Identify the molecular structures and functions found in different
microorganisms.

Identification techniques:

Light microscopy (phase contrast, oil immersion) advantages and disadvantages
Electron microscopy (scanning, transmission) advantages and disadvantages
Atomic force microscopy, advantages and disadvantages

Scanning force microscopy, advantages and disadvantages

Prokaryotes:

Structure and function of the capsule, cell wall, cell membrane, nucleoid,
ribosomes, pilus, mesosome, ribosomes, cilia and flagella

Structural similarities and differences between bacteria and archaea.

Akaryotes:

Structure and function of the capsid, viral genome, neck and collar, tail sheath,
tail fibres, base plate and tail pins.

Single cell Eukaryotes:

Fungi: structure and function of the hyphae, mycelium, cell wall, nucleus,
membrane bound organelles and spores

Protozoa: microscopic, unicellular, heterotrophic, intracellular and extracellular
digestion.
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LO2 Carry out aseptic techniques to culture a range of microorganisms, and use
biochemical tests to identify different bacterial species

Methods for specimen collection:

Types of specimen: blood cultures, serology, eye, nose and throat swabs,
respiratory samples, urine samples, wound swabs, skin samples and biopsies.

Specimen collection, handling and transportation standard operating procedures
(SOPs)

Bacterial hazard groups

Factors affecting results: collection to test time, temperature, sample collection
time, appropriate sample and appropriate sample container.

Aseptic techniques:

Preparation of sterile agar; sterilisation techniques; pouring a plate; inoculation
of agar plates and broths; pour plates; streak plates; lawn plates; growth on
selective media; safe disposal methods.

Simple staining; gram staining.

Biochemical tests:

Identification of gram-positive bacteria: catalase test, mannitol salt agar, blood
agar plates, nitrate broth, motility agar and starch hydrolysis test.

Identification of gram-negative bacteria: oxidase test; sugar broth with Durham
tubes; nitrate broth; motility agar; MacConkey agar; Urease test.
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LO3

LO4

260

Explore the factors that affect the growth of microorganisms.

Growth factors:

Temperature; pH; nutrients; moisture; aerobic and anaerobic conditions; osmotic
pressure; chemical requirements; culture media

Methods and phases of microbial growth.

Measurement Techniques:

Direct methods: plate count; haemocytometer counts; viral plaque counts; serial
dilutions; filtration; most probable number; direct microscopic counts

Indirect methods: turbidity; metabolic activity and dry weight.

Context:

Fermentation; dairy.

Evaluate the economic importance of bacteria.

Food processing
Biotechnology
Genetic engineering
Fibre retting
Digestion

Pest control

Medical applications.
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Learning Outcomes and Assessment Criteria

Pass

in different microorganisms

| Merit

LO1 Identify the molecular structures and functions found

P1 State the advantages and
disadvantages of the
microscopy techniques used
to identify microorganisms

P2 |dentify the main
structures found in
prokaryotic, eukaryotic and
akaryotic cells, using the light
microscope and electron
micrographs

M1 Describe the function of
prokaryotic and eukaryotic
cell structures

Distinction

D1 Compare and contrast
the structures found in
prokaryotes and eukaryotes
and relate their structures to
their functions

different bacterial species

LO2 Carry out aseptic techniques to culture a range of
microorganisms and use biochemical tests to identify

P3 Describe the methods
used for specimen collection

P4 Carry out aseptic
techniques safely to cultivate
microorganisms and use
staining techniques to
identify bacteria

M2 Explain the principles
behind each aseptic
technique used

D2 Evaluate the
effectiveness of the different
biochemical techniques used
to identify different bacterial
species
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microorganisms

LO3 Explore the factors that affect the growth of

P5 Carry out techniques to
cultivate microorganisms
under varying growth
conditions

P6 Undertake a range of
techniques to measure the
growth of microorganisms

M3 Calculate and compare
the growth rates of
microorganisms under
varying conditions

Distinction

D3 Justify how the results
obtained could be used to
increase yields in the
fermentation or dairy
industry

LO4 Evaluate the economic importance of bacteria.

P7 Identify bacteria that
have economic importance
to humans

P8 Explain why bacteria are
used in a range of Industries

M4 |llustrate how bacteria
can be used for medical
benefits

D4 Review the effectiveness
of bacteria in biotechnology
and genetic engineering
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Recommended resources

Textbooks
BARER, M., IRVING, W. (2018) Medical Microbiology. 19th ed. Amsterdam: Elsevier.

FUNKE, B.R., TORTORA, G.J., CASE, C.L., WEBBER, D., BAIR, W. (2018) Microbiology: An
Introduction. 13th ed. Harlow: Pearson.

KRIEG, N.R., PELCZAR, M.J., CHAN, E.C.S. (2010) Microbiology (An Application Based
Approach). New Delhi: Tata McGraw Hill Education Private Ltd.

MADIGAN, M.T., BENDER, K.S., BUCKLEY, D.H., SATTLEY, W.M., STAHL, D.A. (2018) Brock
Biology of Microorganisms. 15th ed. New York: Pearson Education Ltd.

PANDEY, A., NEGI, S., SOCCOL, C.R. (2016) Current Developments in Biotechnology and
Bioengineering: Production, Isolation, Purification of Industrial Products. Amsterdam:
Elsevier.

SLONCZEWSKI, J.L., FOSTER, J.W. (2017) Microbiology: An Evolving Science. 4th ed. New
York: W.W. Norton and Company.

WOOLVERTON, C.J., WILLEY, J., SHERWOOD, L. (2017) Prescott’s Microbiology. 10th ed.
New York: McGraw Hill Education.

Web
Microbes.info Microbiology Information Portal
General, environmental, food, industrial and medical
microbiology
(General reference)
Microbiologyonline.org Microbiology Online
Microbes and basic principles: safety information and
practical advice
(General reference)
Microbiologysociety.org Microbiology Society
Current research and information
(General reference)
Links

This unit links to the following related units:
Unit 4: Cell Biology
Unit 53: Industrial Microbiology
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Unit 19: Managing Food Preparation and
Production Systems

Unit code F/617/5376

Unit level 4

Credit value |15

Introduction

Food production is the process whereby raw ingredients are transformed into
prepared food products with longer shelf lives. Fruits, vegetables, grains, meat and
fish are processed into the types of food products that are available for sale in
supermarkets or served in restaurants. The level of food processing involved may vary
from minimal, such as cleaning and packaging, to complicated, involving a
considerable amount of additives and ingredients.

The aim of this unit is to enable students to examine different approaches and
methods applied to food production, planning, preparation and management in a
professional kitchen environment and in factory production. Students will also acquire
a basic knowledge of the important factors associated with food processing and food
quality assurance.

The unit focuses on enabling head and executive chefs, as well as kitchen and plant
managers, to ensure that teams, management structure, resources and knowledge
are in place in the correct balance to ensure that cost effective, profitable, efficient
and safe preparation and production of food is achieved, according to the
organisation’s style and business targets.

6 Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
2 4 Specification - Issue 6 - October 2022 © Pearson Education Limited 2022



Learning Outcomes

By the end of this unit, students will be able to:

1

Explain the different types of, and influences on, the design of food preparation
and production systems

Identify the key principles and methods for planning food preparation and
production

Explain the resources required to deliver a consistent, safe and timely food
production operation

Describe a variety of methods to monitor food production, identify variances and
action to be taken to ensure a safe and efficient operation.
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Essential content

LO1

266

Explain the different types of, and influences on, the design of food
preparation and production systems

Different types of food preparation and production systems:

Definition of food systems and the factors that influence the different types of
food preparation and production systems, e.g: assembly line, production
kitchens, centralised, section, galley kitchens

The advantages and disadvantages of the different food preparation and
production systems.

Influences on food production system design:

The factors that influence the production systems, e.g. the type of cuisine
offered, seasonal availability of foodstuff, culinary trends

The design and layout of the kitchen: purpose of the kitchen, size and style,
ergonomics, ventilation, utilities and equipment

The design of a food processing plant: location, building structure, LEED
(Leadership in Energy and Environmental Design) requirements/certification

The layout of a food processing plant based on: product (site selection, materials,
equipment); product mix (sanitation, packaging, hygienic zones, separation of
lines, welfare areas); production volume (redundancy, multiple operation lines,
design for peak demand)

Efficiencies, e.g. efficient and safe work flow, energy efficiency

Regulations and legislative requirements: food safety, hygiene and Health and
Safety, maintenance and cleaning

Receiving stock and storage requirements

Cost considerations.
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LO2 Identify the key principles and methods for planning food preparation and
production

Key principles:

The processes for procurement of food ingredients and commodities, including
purchasing specifications and appropriate suppliers

How to prepare menus, recipes and standardised systems and operating
procedures (SOPs) to ensure consistency and quality of food

How to establish protocols for cross-contamination to prevent allergies, cleaning,
pest control, chemical control, use and storage of utensils, personal protective
equipment use, food holding and storage, food handling, supplier delivery and
storage.

Planning methods:
Importance of collating information about customer requirements experience

Training needs of staff to plan menus according to the equipment and facilities
available

Accounting for the sources of produce aligned to menu planning
Sourcing produce at a price that allows optimum profit margins

Cost efficiencies that involve calculating the sales mix and the balance of price
and offers

Calculating profit margin ratios in accordance with organisational policy and
return on investment (ROI)

The use of training plans to maximise staff productivity and performance to
deliver quality food to consistent brand standards

Allocation of people and resources to required tasks according to the style of
service and the menu

Appropriate team structure in the different food preparation and production
systems

The importance of contingency plans.
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LO3

268

Explain the resources required to deliver a consistent, safe and timely food
production operation

Key roles and responsibilities for the effective management of the kitchen and food
production systems:

Managing different resources: human, financial and physical.

Human:

Training and development of kitchen and production team members
Delivering consistent and timely food production operations
Maintaining kitchen equipment on an on-going basis

Managing food safety systems in accordance with current legislative
requirements

The importance of scheduling and implementing monitoring, staff training,
maintenance or repair work in ways which minimise disruption to customers.

Financial:

Cost/benefit considerations towards meeting the needs and expectations of the
customer and business

Cost necessary to adhere to brand standards, where appropriate
Budget planning, and control of food production and resources

Using key performance indicators (KPI) to establish how effectively key business
objectives are achieved.

Physical:

The effective management of kitchen equipment and resources, in line with
legislative and operational requirements

The necessity for regular servicing and maintenance to have minimal impact on
operations

Management of food safety systems to adhere to legislation.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022



LO4 Describe a variety of methods to monitor food production, identify
variances and action to be taken to ensure a safe and efficient operation

Variety of monitoring methods:
How to carry out and record inspections, observations and equipment readings

Mechanisms for monitoring production yield, portion control and costs to
achieve budgetary targets and business objectives

The monitoring of stock rotation and waste

Risk analysis and assessment for food safety

Food sampling techniques

Performance management methods to monitor and evaluate staff performance

Monitoring the implementation of improvement strategies to maximise
productivity and profit

Health and safety procedures and compliance of regulations for working in a
kitchen/food production line and using equipment

Food presentation to maintain standards and quality

The benefits of variance analysis to assist with managing budgets and budgetary
control.
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Learning Outcomes and Assessment Criteria

Pass

| Merit

LO1 Explain the different types of, and influences on, the
design of food preparation and production systems

| Distinction

P1 Explain a range of
different types of food
preparation and production
systems

P2 Explore the influences on
the design of a range of food
preparation and production

systems

M1 Compare and contrast a
range of food preparation
and production systems and
how they have been
designed to meet different
business and customer
requirements

D1 Evaluate how the
seasonal availability and
culinary trends affect the
quantity and costing of food
produced in food
preparation and production
systems

LO2 Identify the key principles and methods for planning
food preparation and production

P3 Explain the key
underlying principles for
planning food preparation
and production

P4 |dentify the key methods
for planning food
preparation and production

M2 Explore the importance
of collating information
about customer
requirements experience
giving examples of how this
information could be used
for the benefit of the
business

D2 Compare specific
examples of different
approaches to planning food
preparation and production
to meet differing business
requirements and ensure
good return on investment
(ROI)
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Distinction

LO3 Explain the resources required to deliver a consistent,
safe and timely food production operation

P5 Describe the resources
required to deliver a

consistent, safe and timely
food production operation

P6 Outline the processes and
procedures required to
ensure resources are
managed effectively and
efficiently to meet overall
customer and business
needs

M3 Review examples of
standard operating
procedures (SOPs) and
specifications used to
manage resources in line
with key performance
indicators (KPIs)

D3 Develop standard
operating procedures (SOPs)
to ensure food production
meets business key
performance indicators
(KPIs)

LO4 Describe a variety of methods to monitor food
production, identify variances and action to be taken to
ensure a safe and efficient operation

P7 Describe various methods
used for the monitoring of
food production

P8 Explain how variances in
food production can be
identified and dealt with to
ensure a safe and efficient
operation

M4 Analyse the benefits of
variance analysis in assisting
with managing budgets and
budgetary control

D4 Compare methods used
to monitoring food
production, their success in
identifying potential
variances and their impacts,
and how these are dealt with
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Recommended resources

Textbooks

BALI, P.S. (2014) Food Production Operations. 2nd ed. New Delhi: Oxford University
Press.

BESSELING, P., KALYANKAR, C., MONTES SAAVEDRA, E. (2015) Hazard and Risk Analysis
in Food Processing: New Approaches Towards HACCP and Food Safety. 2nd ed. Scotts
Valley, CA: CreateSpace Independent Publishing Platform.

CAMPBELL-PLATT, G. (2017) Food Science and Technology. 2nd ed. Hoboken, NJ: Wiley-
Blackwell.

DRAZ, J., KOETKE, C. (2015) The Culinary Professional. 3rd ed. Tinley Park, IL: Goodheart-
Wilcox.

FELLOWS, P. (2013) The Complete Manual of Small-scale Food Processing. Rugby:
Practical Action Publishing.

FELLOWS, P.J. (2016) Food Processing Technology: Principles and Practice. 4th ed.
Amsterdam: Elsevier/Woodhead Publishing.

FOSKETT, D., PASKINS, P., PENNINGTON, A., RIPPINGTON, N. (2016) The Theory of
Hospitality and Catering. 13th ed. London: Hodder Education.

GALANAKIS, C. (Ed) (2019) Saving Food: Production, Supply Chain, Food Waste and Food
Consumption. Cambridge, MA: Academic Press (Elsevier).

HAYES, D., MILLER, A., NINEMEIER, J.D. (2011) The Professional Kitchen Manager. Harlow:
Pearson Education Ltd.

LABENSKY, S.R., HAUSE, A.M., MARTEL, P.A. (2018) On Cooking: A Textbook of Culinary
Fundamentals. 6th ed. Harlow: Pearson Education Ltd.

THOMAS, C., NORMAN, J.N., KATSIGRIS, C. (2014) Design and Equipment for Restaurants
and Food Service: A Management View. Hoboken, NJ: John Wiley & Sons, Inc.

WINCH, T. (2007) Growing Food: A Guide to Food Production. Dordrecht: Springer.
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Web

foodanddrinktechnology.com

food.gov.uk

foodmanagement.today

foodprocessing.com

Links

Food and Drink Technology

News and articles
(General reference)

Food Standards Agency
Business and Industry
(General reference)

Food Management Today
News and articles
(General reference)

Food Processing

News and articles

(General reference)

This unit links to the following related units:

Unit 14: Food Technology

Unit 53: Industrial Microbiology

Unit 54: Materials in Contact with Food
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Unit 20: Introduction to Material Properties and
Applications

Unit code J/617/5377

Unit level 4

Credit value |15

Introduction

Many industries are dependent on materials, and those working within this sector
need an awareness of the materials available to them. The range is great and varied,
and continually increasing as new and emerging technologies demand ever more
sophisticated materials. Indeed, to retain a competitive edge, the constant
development of materials and their potential to be adapted, is key. So for a range of
sectors, including industry, textiles, consumer goods and many other types of
manufacturing, materials play a fundamental role.

For a given product to achieve its desired potential and to work effectively, it is
important to select an appropriate material for its manufacture. In order to ascertain
the most appropriate material, it is first necessary to understand the requirements of
the product and the conditions under which it will operate. By acknowledging these
desired properties, it is then possible to select the material best suited for the
product.

Increasingly it is common to find that an array of several material types is necessary
for even the simplest application or product. A good knowledge of how these
materials behave, both independently and in conjunction with each other, and an
awareness of how properties can be altered by treatments, processing or additives, is
of prime importance to ensure the product is fit for purpose.

This unit will provide students with the necessary background knowledge to identify
material types and develop an awareness of the range and potential capabilities of
materials at their disposal. Students will be introduced to the structure of differing
material groups and how this affects the properties, physical nature and performance
characteristics of common materials in various applications. How properties can be
modified will also be addressed, as will the advances in material technology that bring
new capabilities to industry.
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Note regarding delivery of this unit: This unit has been designed to consider the use
of materials across a range of sectors, including, but not limited to, manufacturing,
food and drink, technology and textile industries. The Essential Content section has
been designed intentionally to be broad; however, it is for individual Centres to focus
on the relevant material types for a particular manufacturing sector. The use of e.g.
within the Essential Content allows for Centres to select and focus on particular areas
of delivery.
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Learning Outcomes

By the end of this unit, students will be able to:

1

276

Define the properties necessary for a given product to function as required under
its intended service conditions

Describe the properties of a material and show how these are affected by its
structure

Determine the material most suited for a given application

Describe the methods by which a material can be modified to enhance its use for
a particular application.
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Essential content

LO1 Define the properties necessary for a given product to function as required
under its intended service conditions

Define the needs of the product in terms of properties:
Mechanical

Chemical

Electrical

Thermal

Magnetic

Optical and aesthetic
Colourfastness

Dye acceptance
Comfort

Value for money

Recyclability.

Define the properties in terms of their characteristics:
Hardness

Toughness

Ductility

Conductivity

Durability

Resistance to stains

Resistance to environmental factors

Insulating capability

Flammability

Resistance to fatigue or corrosion.
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LO2 Describe the properties of a material and show how these are affected by
its structure

Material categories, e.g.:

Polymers: commodity plastics, engineering plastics, elastomers, bioplastics
Metals: ferrous, non-ferrous, alloys

Ceramics: glass, traditional, advanced

Composites: long and short glass-reinforced polymers, carbon-reinforced
polymers, reinforced ceramics, nano-reinforcement

Natural materials: wool, cotton, hemp, coir, silk

Emerging specialist materials: aerogels, shape-memory alloys, superhydrophilic
materials, self-healing materials, multi-functional materials, biomaterials.

Material structure:
Polymers: thermoplastic, thermoset, amorphous, crystalline

Metals: crystalline structures - body-centred and face-centred cubic lattice and
hexagonal close-packed structures; characteristics and function of ferrous
metals; non-ferrous phase diagrams

Ceramics: molecular structure - electrostatic covalent and ionic bonding
Composites: matrix and reinforcement forms

Textiles: yarn structure - distribution of fibres within the yarn, quantity of fibres
within the cross section, orientation and position of fibres, fibre length, degree of
twist.
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LO3 Determine the material most suited for a given application

General factors to be considered:
Functional demands of product design

Compatibility of multiple material components in a given application, under a
range of expected conditions

Recyclability of the product, particularly where multiple component parts are
required.

Categorisation of materials by their properties:
Physical, e.g.: thermal, optical, magnetic, electrical, handling

Mechanical and surface/environmental, e.g.: resistance to oxidation and/or
corrosion, durability, resistance to damage, resistance to stains, resistance to
shrinkage

Aesthetic and sensory, e.g.: colour, comfort, feel, ease of handling, fragility.

The effect of secondary processes or treatments on material properties, e.g.:
Heat treatment and mechanical processes

Surface modifications, such as painting and electroplating.

Service life of the product and the conditions under which it will operate, e.g.:
Durability of materials; resilience to change of temperature, moisture etc

Repairability versus obsolescence; possibility of replacing parts.

Economic factors in selection, e.g.:
Forms of supply
Cost and availability

Viability of producing the quantities required.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022 279



Impact of environmental concerns, public perception and government
policy/legislation on material selection, e.g.:

Procurement from sustainable sources, e.g. rainforest-friendly, fair trade; best
practice in mining and raw material manufacture; carbon footprint of raw
material manufacture; proposed legislation on ecocide

Packaging and whether biodegradable, recyclable or reusable

Relevant regulations on safety of products.

LO4 Describe the methods by which a material can be modified to enhance its
use for a particular application

Options available to enhance specific properties, e.g.:
mechanical manipulation

processing adaptations

heat treatments

weaving techniques.

Additive inclusion, e.g.:

particulate fillers

reinforcements (nano-particles to long fibres)
antioxidants

antiozonates.
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Learning Outcomes and Assessment Criteria

Distinction

LO1 Define the properties necessary for a given product to
function as required under its intended service conditions

P1 Describe the features of a
relevant product in terms of
its function and/or service
requirements

M1 Analyse the functions,
defined in engineering terms,
required for a given product
when in service

D1 Evaluate any potential
limitations binding this
product in terms of e.g.
quantities required and
environmental
considerations

LO2 Describe the properties of a material and show how
these are affected by its structure

P2 Explain the properties of a
given material set and show
how structure influences
these properties

M2 Investigate emerging
materials and suggest ways
these may enhance the
range of materials on offer

D2 Evaluate why the
behaviour of a material is
considered such an
important factor when
selecting a material for a
given product or application
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Distinction

LO3 Determine the material most suited for a given

application

P3 Explain the properties
that make a material suitable
for a given product

P4 Explore how the
material(s) of choice would
be expected to behave in
service

M3 Analyse the
considerations required
when selecting a material for
a given application,
particularly in terms of
compatibility with e.g.
adjoining materials, the user,
secondary treatments or
processes

D3 Evaluate how government
policy/legislation, public
opinion and environmental
factors influence the
selection of a material for an
application

LO4 Describe the methods by which a material can be
modified to enhance its use for a particular application.

P5 Explain how a particular
material can be modified to
enhance its behaviour to
achieve a specified change in
the performance of that
material

M4 Investigate the
advantages of modifying a
material over simply
selecting another material

D4 Evaluate material
modification through the
incorporation of secondary
phases or using other
manufacturing
manipulations
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Recommended resources

Textbooks

BRYANT, R., BRYANT, S. (Eds). (2019) Blackstone’s Handbook for Policing Students. 13th
ed. Oxford: Oxford University Press.

HANNIBAL, M. (2002) The Law of Criminal and Civil Evidence. Harlow: Pearson Education
Ltd/Longman.

LANGFORD, A.M., DEAN, J.R., HOLMES, D., REED, R., WEYERS, J., JONES, A. (2019)
Practical Skills in Forensic Science. 3rd ed. Harlow: Pearson Education Ltd.

MILNE, R., BULL, R. (2008) Investigative Interviewing: Psychology and Practice. 2nd ed.
Hoboken, NJ: Wiley-Blackwell.

SHEPHERD, E., GRIFFTHS, A. (2013) Investigative Interviewing: The Conversation
Management Approach. 2nd ed. Oxford: Oxford University Press.

Web
college.police.uk College of Policing
APP - Investigation - Reference material
(General reference)
college.police.uk College of Policing
Body-worn video guidance
(Report)
college.police.uk College of Policing
Code of Ethics
(Report)
college.police.uk College of Policing
Media relations
(General reference)
global.oup.com/academic Oxford University Press Academic

Blackstone’s Police Manuals Online: Sergeants to
Inspectors revision

(General reference - manual)
gov.uk/government/publications UK Government Website - Publications

Criminal Procedure and Investigations Act Code
of Practice

(Report - Code of Practice)
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Links

This unit links to the following related units:
Unit 1: Fundamentals of Laboratory Techniques
Unit 5: Fundamentals of Chemistry

Unit 24: Sampling and Sample Preparation

Unit 34: Forensic Evidence Collection and Preservation
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Unit 21: Criminal Investigation

Unit code L/617/5378

Unit level 4

Credit value |15

Introduction

Criminal Investigations are fundamental to law enforcement. They may be carried out
in relation to crimes that are known to have been committed, to identify whether a
crime has actually been committed or not, and to ascertain if criminal proceedings
need to be commenced. Investigations may also be carried out into crimes that the
police believe may be committed, for example, when premises or individuals are kept
under observation. Criminal Investigations can be either reactive or proactive.

This unit will provide students with an awareness of the principles of criminal
investigation, managing criminal investigations, effective case management and the
role of forensic science within this process. Students will examine principles,
legislation and considerations relating to conducting investigations. They will research
the key theories relating to conducting an investigation and handling evidence and
exhibits, and consider principles of best practice. Students will research the legal
system and explore the role of expert evidence in court.

On completion of the unit students will be better prepared to assist police in
investigations in a role such as crime scene investigator.
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Learning Outcomes

By the end of this unit students will be able to:
1 Investigate principles, processes and legislation related to criminal investigation

2 Analyse the requirements of effective scene management and professional
forensic evidence gathering

Explain the process and purpose of disclosure

4  Describe the structure and workings of criminal courts and the role of expert
evidence.
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Essential content

LO1 Investigate principles, processes and legislation related to criminal
investigation

Principles of investigation:

Proportionate, transparent, mindful of equality, safeguarding, ethical - College of
Policing guidance

Types of criminal investigation: volume crime, acquisitive crime, serious crime,
major incidents, crimes against the person, crimes against society, cyber crime

Safeguarding issues (child and adult)
Ethical considerations

Evidence: sufficient, relevant, circumstantial, admissibility, Police and Criminal
Evidence Act (PACE) provisions, best evidence

National Decision Model

European Convention on Human Rights considerations, such as prohibition of
discrimination, proportionality.

Process and best practice:

Reactive and proactive investigations

Stages of an investigation

Planning the investigation

Conducting an investigation

Other agencies involved in investigations, such as: Crown Prosecution Service,
National Crime Agency (NCA), Security Services, Bank, National Ballistics
Intelligence Service (NABIS)

The use and development of investigative hypotheses

Investigative strategies: search; house-to-house; intelligence; physical evidence;
Automatic Number Plate Recognition (ANPR); trace, interview, eliminate (TIE);
search warrants; press appeals; multi-agency working.

Investigative mind set:
Definition of an investigator
Knowledge and skills required

Using investigative evaluation and developing and testing case theory.
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Legislation governing criminal investigation, e.g. in the UK:
Regulation of Investigatory Powers Act 2000
Criminal Procedure and Investigations Act 1996

Police and Criminal Evidence Act 1984.

LO2 Analyse the requirements of effective scene management and professional
forensic evidence gathering

Scene preservation:

Cordons

Environmental factors, e.g.: weather
Control of the scene

Evidence handling

Documentation to be completed
Communication issues

Achieving Best Evidence (ABE)
ldentifying suspects

Risk assessments

Crime scene technology.

Nature of investigation:
For example, in the UK: Professionalising Investigation Programme (PIP)
PIP1 - priority and volume crime investigations

PIP2 - serious and complex investigations.
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Forensic considerations:

Specialist roles, e.g.: Crime Scene Investigators, Army Specialists, Fire Service
Cross contamination issues

Digital crime scene

ldentifying crime scenes

Risk assessments

Storage, Replay and Disposal of Digital Evidential Images.

Evaluation of evidence:

Types of evidence

Use of digital evidence (CCTV, body worn cameras)
Digital evidence (computers)

Forensic evidence

Cross contamination

Storing and transporting exhibits

Reviewing information.

Intelligence and information:

Material, information, intelligence, evidence
Intelligence systems

Correct storage of information

Regulation of Investigatory Powers Act 2000.
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LO3

200

Explain the process and purpose of disclosure

Prosecution disclosure, e.g. in the UK:

Criminal Procedure and Investigations Act 1996 (CPIA) - main statutory
disclosure provisions

Other legislation and guidance: Police and Criminal Evidence Act 1984, Disclosure
Manual 2005, Murder Investigation Manual 2006

The Prosecution Team Manual of Guidance (for the preparation, processing and
submission of prosecution files); purpose of manual; forms.

Defence disclosure, e.g. in the UK:
Criminal Procedure and Investigations Act 1996 (CPIA) - statutory requirements

Defence statements: Crown Prosecution Service procedure, police actions and
certification, further Crown Prosecution Service actions for additional revealed
material

Notification of intention to call defence witnesses
Faults in defence compliance

Seeking inferences at trial.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022



LO4 Describe the structure and workings of criminal courts and the role of
expert evidence

Magistrates Court:

Types of offence: summary, triable either way, indictable only

Magistrates, lay person

Legal advisor

Crown Prosecution Service

Other prosecuting agencies, e.g.: HMRC, Department for Work and Pensions
Defence solicitors

Sentencing

Examination-in-chief

Cross examination.

Crown court:

Indictable only offences

Triable either way offences

Seriousness of offences (class 1, 2 and 3)
Types of judge

Judicial independence and immunity
Jury

Sentencing.

Courts of Appeal:
Appeal court hierarchy
Right to appeal

Leave to appeal

Appeals process.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022 291



Trial process:

Charges read out

Plea taken

Prosecution case

Evidence: evidence-in-chief, cross-examination, re-examination
Defence case

Closing speeches.

Giving evidence:

Types of witness: witness of fact, expert witness

Definition of expert evidence

Duty of an expert witness: Criminal Procedure Rule 33
Criminal procedure rules: Rules and Practice Directions 2015
Streamlined Forensic Reporting (SFR)

Reports

Oral evidence

Examination-in-Chief

Cross-examination

Forensic Science Regulator guidance on legal obligations.
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Learning Outcomes and Assessment Criteria

Pass

to criminal investigation

| Merit

LO1 Investigate principles, processes and legislation related

| Distinction

P1 Explain the principles,
processes and best practice
that guides police practice
during any criminal
investigation

P2 Identify the main purpose

of legislation governing
criminal investigation

M1 Compare the impact of
three pieces of legislative
process or codes of practice
on an investigation

LO1 and LO2

D1 Evaluate the role of

investigations

LO2 Analyse the requirements of effective scene
management and professional forensic evidence gathering

P3 Explain how to secure the
scene of different identified
crime scenes

P4 Explain the types of
evidence that might be
gathered from different
crime scenes and how it
should be preserved and
handled

M2 Analyse the issues in
securing different crime
scenes, including how to
collect, store and prevent
cross-contamination of
evidence

forensic science in criminal
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LO3 Explain the process and purpose of disclosure

P5 Explain the statutory

disclosure provisions as set
out in legislation, e.g. in the
UK the Criminal Procedure
and Investigations Act 1996

M3 Analyse the effect
disclosure has on cases at
court

LO4 Describe the structure and workings of criminal courts
and the role of expert evidence.

P6 Outline the types of
criminal offence and the
courts that deal with them

P7 Explain the process of a
criminal trial

M4 Analyse the role and
purpose of an expert witness

Distinction

LO3 and LO4

D2 Evaluate the legal
obligations applying to
expert witnesses acting in
the criminal justice system,
e.g. the Forensic Science
Regulator guidance in
England and Wales

204
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Recommended resources

Textbooks

BRYANT, R., BRYANT, S. (Eds). (2019) Blackstone’s Handbook for Policing Students. 13th
ed. Oxford: Oxford University Press.

HANNIBAL, M. (2002) The Law of Criminal and Civil Evidence. Harlow: Pearson Education
Ltd/Longman.

LANGFORD, A.M., DEAN, J.R., HOLMES, D., REED, R., WEYERS, J., JONES, A. (2019)
Practical Skills in Forensic Science. 3rd ed. Harlow: Pearson Education Ltd.

MILNE, R., BULL, R. (2008) Investigative Interviewing: Psychology and Practice. 2nd ed.
Hoboken, NJ: Wiley-Blackwell.

SHEPHERD, E., GRIFFTHS, A. (2013) Investigative Interviewing: The Conversation
Management Approach. 2nd ed. Oxford: Oxford University Press.

Web
college.police.uk College of Policing
APP - Investigation - Reference material
(General reference)
college.police.uk College of Policing
Body-worn video guidance
(Report)
college.police.uk College of Policing
Code of Ethics
(Report)
college.police.uk College of Policing
Media relations
(General reference)
global.oup.com Oxford University Press Academic

Blackstone’s Police Manuals Online: Sergeants to
Inspectors revision

(General reference - manual)
gov.uk UK Government Website - Publications

Criminal Procedure and Investigations Act Code of
Practice

(Report - Code of Practice)
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Links

This unit links to the following related units:
Unit 1: Fundamentals of Laboratory Techniques
Unit 5: Fundamentals of Chemistry

Unit 24: Sampling and Sample Preparation

Unit 34: Forensic Evidence Collection and Preservation
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Unit 22: Theories and Causes of Crime

Unit code R/617/5379

Unit level 4

Credit value |15

Introduction

There are many roles an individual can have when working in the criminal justice
sector: frontline, support staff, directly with offenders, or behind the scenes. In all
roles, it can be beneficial to have an appreciation of the theories that seek to explain
offending behaviour.

This unit gives students the opportunity to study criminology, the theories around it
and how it relates to police work. Students will be encouraged to apply the theories
they have studied to policing situations. In particular, students will research different
types of crime and apply theories to assess the possible reasons that lead to crimes
being committed. Students will explore the effect that crime has on our communities,
on individuals and on the wider society. They will investigate crime reporting and
recording, public perception and public confidence, and the methods, strategies and
initiatives police forces use to address crime and disorder.

On successful completion of this unit students seeking a career with the police or as
forensic investigators will have an underpinning knowledge-base of the possible
explanations of criminal behaviour.
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Learning Outcomes

By the end of this unit, students will be able to:
1 Describe the main psychological theories explaining criminal behaviour

2 Explore the main sociological theories related to social inequality and criminal
behaviour

Describe psychological and sociological theories to different crimes

4  Describe the role of the police in the prevention and control of crime and
disorder.
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Essential content

LO1 Describe the main psychological theories explaining criminal behaviour

Psychology:

Theoretical study of human thought, emotion, mind and behaviour; applied
psychology, including self-help, improving mental health, performance
enhancement.

Individual level theories:

Criminality rooted in biological and psychological differences, e.g.: Eysenck’s
Personality Theory, Cognitive Development Theory.

Approaches:

Biological, e.g.: Lombroso, Sheldon, extra Y chromosome

Cognitive, e.g.: Kohlberg, Eysenck

Humanistic, e.g.: Maslow, Rogers, Cattell's 16 Personality Factors (16PF)
Behaviourist, e.g.: Skinner

Psychodynamic, e.g.: Freud.

Other theories:

Psychological theories of crime, e.g.: Bowlby's case series '44 juvenile thieves,
maternal deprivation, social learning theory

Validity of theories in explaining criminal behaviour

Criminal (top down approach) and geographical profiling (bottom up approach).

Causal factors:

Genetic, parental and family (including domestic violence), substance misuse,
racism and hate crimes, stereotypes, religion, etc.

Social pressures, e.g.: poverty, unemployment, substance misuse, homelessness,
racism, stereotypes

Influences, e.g.: peer pressure, fashion and trends; on individuals and groups
including ethnicity, religion, media; internet.
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LO2 Explore the main sociological theories related to social inequality and
criminal behaviour

Sociological factors affecting crime:

Poverty, homelessness, lack of education, environment, unemployment, peer
pressure, family criminality, social climate, housing, financial influences, etc.

Types of theory:

Societal or Macro level - crime is a consequence of social structure rather than
genetics or personality, e.g.: Marxist Conflict Theory, Strain Theory

Community or local level - crime is caused by the geographical area, e.g.:
Chicago School, Differential Opportunity Theory

Group and influence theories - associates determine delinquency, e.g.: Routine
Activity Theory, differential association theories.

Sociological theories:

Chicago School/Social Disorganisation Theory - Shaw and McKay (1942), spatial
mapping of crimes, areas of socio-economic deprivation and disadvantage

Social Control Theory - Hirschi (1969), crime caused by weak or broken social
norms; conformity and obedience, e.g.: Zimbardo and Milgram studies

Strain Theory - Merton (1957), gap between cultural goals and structural means
to achieve causes crime, adapted from Durkheim'’s theory of anomie, Agnew
types of negative strain; strain increasing the likelihood of violence, factors
affecting the reaction to strain

Rational Choice Theory - definition, e.g.: Beccaria; Cornish and Clarke (1986),
individuals make a decision to commit crime, where and when, benefits and
disadvantages are weighed.
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LO3 Describe psychological and sociological theories to different crimes

Types of crime:

Acquisitive crime, crimes against the person, crimes against society, cyber crime,
violent crime, hate crime, crimes of dishonesty, drug offences, vehicle crime,
property crime, burglary, criminal damage, robbery, theft and handling, etc.

Different ways of categorising, e.g.: police recording, surveys.

Impact of crime:

On victims: emotional, physical, financial, psychological, short-term and
long-term, vulnerable populations

On communities: public perception, media reporting, fear of crime, community
mobilisation, value of property, reputation of areas.

Psychological explanations:

Bowlby's Juvenile Delinquency and the 44 thieves, maternal deprivation, social
learning theory, etc.

Sociological explanations:

Chicago School, Social Disorganisation theory, Social Control Theory, Strain
Theory, Rational Choice Theory, etc.

Contributory factors:

Peer pressure, fashion and trends, conformity, obedience, poverty,
homelessness, lack of education, environment, unemployment, peer pressure,
family criminality, social climate, housing, financial influences, substance misuse,
beliefs, religion, etc.

Drivers of crime:

Opportunity, character, effectiveness of Criminal Justice System (CJS) as a
deterrent, profit, drugs, alcohol.
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LO4

302

Describe the role of the police in the prevention and control of crime and
disorder

Police reporting and recording:
incidents, crimes
Categorisation and classification of crimes

Crime outcomes, crime detection.

Surveys:
The Crime Survey for England and Wales; British Crime Survey; others

Purpose, trends, comparison with recorded crime statistics.

Public perception of crime:

Socio-economic backgrounds, ethnicity, demographics, local geography,
immigrant communities, multiculturalism, consent (consensus) versus coercion,
role of media.

Police response to crime:
Police force structures
Community policing
Response policing
Policing firearms incidents
Public disorder policing

Investigation of crime.

Legislation, e.g. in the UK:
Crime and Disorder Act 1998
Police Reform and Social Responsibility Act 2011.

Evidence based strategies:

Using crime statistics, National Intelligence Model (NIM).

Examples of local and national crime reduction strategies:
SmartWater

Immobilise: The National Property Register
Advertising campaign on rape

The Prevent agenda.
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Learning Outcomes and Assessment Criteria

Pass

criminal behaviour

| Merit

LO1 Describe the main psychological theories explaining

| Distinction

P1 Explain a range of
different psychological
theories for crime and
deviant behaviour

M1 Analyse the core belief of
psychological theories for
crime and deviant behaviour

LO1, LO2 and LO3

D1 Apply one psychological
and one sociological theory
of crime to evaluate a

LO2 Explore the main sociological theories related to social
inequality and criminal behaviour

particular type of offending
(e.g. violence, sexual,

P2 Explain the sociological
factors linked to crime and
deviant behaviour

P3 lllustrate a range of
sociological theories that
explain crime and deviant
behaviour

M2 Compare two sociological
theories for crime and
deviant behaviour,
highlighting the similarities
and differences

domestic violence, youth
offending, terrorism, hate
crime)

different crimes

LO3 Describe psychological and sociological theories to

P4 Explain the different types
and categories of crime

M3 Analyse the impact crime
has on individuals and
communities

control of crime and disorder

LO4 Describe the role of the police in the prevention and

P5 Explain the role of the
police in the prevention and
control of crime and disorder

M4 Analyse a range of
methods, strategies and
initiatives used by the police
to address crime and
disorder

D2 Evaluate the impact of a
particular crime prevention
or reduction initiative, and
assess its effectiveness in
increasing community safety
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Recommended resources

Textbooks

BULLOCK, K., TILLEY, N. (2012) Crime Reduction and Problem Oriented Policing. London:
Routledge.

DAVIES, G.M., BEECH, A.R. (Eds). (2008) Forensic Psychology. 3rd ed. Hoboken, NJ: Wiley-
Blackwell.

JONES, S. (2009) Criminology. 4th ed. Oxford: Oxford University Press.
MARSH, 1. (2006). Theories of Crime. Abingdon: Routledge.
NEWBURN, T. (2017) Criminology. 3rd ed. Abingdon: Routledge.

SHARROCK, W., HUGHES, J.A., PRATT, A. (2003) Understanding Modern Sociology.
London: SAGE Publications Ltd.

Journals

FARRINGTON, D.P., TTOFI, M.M., PIQUERO, A.R. (2016) ‘Risk, promotive, and protective
factors in youth offending: Results from the Cambridge study in delinquent
behaviour’, Journal of Criminal Justice, 45, pp. 63-70.

Web

www.pep-web.org Psychoanalytic Electronic Publishing
International Journal of Psycho-Analysis
(1944), 25:107-128
Forty-Four Juvenile Thieves: Their
Characters and Home-Life (Il)
(Journal)

Links

This unit links to the following related unit:

Unit 23: Psychology in the Forensic Setting
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Unit 23: Psychology in the Forensic Setting

Unit code J/617/5380

Unit level 4

Credit value |15

Introduction

Psychological research and theory is practically applied throughout organisations
working within the crime and justice sector. Those working in this field need to build
an awareness of the practical application of psychology within different forensic
settings and at different stages of the criminal justice process.

This unit explores the role of psychological techniques within different stages of the
criminal justice process: the identification of offenders, the support of victims and
witnesses in retrieving memories, and in the management and treatment of
offenders. Students will also examine the factors that increase the risk of offending, as
well as the factors that prevent and protect individuals from engaging in criminality.
Topics explored within this unit include criminal investigative analysis techniques such
as offender profiling, crime pattern analysis and case linkage, memory - specifically
eyewitness memory, sentencing and programme options for managing offenders.

On successful completion of this unit, students wanting to work in the role of a
forensic service provider will have knowledge of how psychological theories are
practically applied throughout the criminal justice process, including the use of
forensic science in the identification of offenders and interpretation of crime scenes.
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Lea

rning Outcomes

By the end of this unit students will be able to:

1
2

300

Identify the techniques used to assist in the identification of offenders

Explore how psychology applies to eyewitness memory and the retrieval of
memories

Describe the application of psychology in the management and treatment of
offenders

Investigate risk and protective factors for offending.
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Essential Content

LO1 Identify the techniques used to assist in the identification of offenders

Criminal investigative analysis:
Offender profiling

FBI approach

Geographical approach
Statistical profiling

Clinical approach

Usefulness of profiling

Suitable crimes.

Case linkage:
Comparative case analysis

Trends, patterns, hotspots.

The application of forensic science:
Locard's exchange principle
Scene examination strategy

Scene investigation: gathering, analysis and interpretation of trace, e.g.:
fingerprints, DNA, fibres, footwear marks, digital evidence, drugs, blood

Scene preservation and the prevention of cross-contamination
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LO2

308

Explore how psychology applies to eyewitness memory and the retrieval of
memories.

Memory:
Recall, recognition
Memory stores, e.g.: working memory, short-term memory, long-term memory

Retrieval.

Stages of memory:

Three stages: acquisition, retention, retrieval.

Variables that can interfere with memory:

Acquisition factors, e.g.: duration of event, illumination, nature of event, target
factors

Retention factors, e.g.: retention interval, discussion, repeated testimony
Retrieval factors, e.g.: leading questions, style of recall

Other factors, e.g.: witness age, witness confidence.

How victims and witnesses are supported:
Interviewing, e.g.: the cognitive interview, memory retrieval in court

Rules of questioning, types of questions.
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LO3 Describe the application of psychology in the management and treatment
of offenders

Sentencing:
Purpose of punishing crimes
Community and custodial sentences

Sentencing guidelines.

Assessing offenders:

Aim of risk and need assessments
Actuarial assessments

Static and dynamic risk factors
Clinical assessment

Advantages and disadvantages

Specific risk and need assessment tools, e.g.: psychometric testing, Offender
Assessment System (OASys), Psychopathy CheckList — Revised (PCL-R), Risk
Matrix 2000, Violence Risk Appraisal Guide (VRAG), Sexual Offences Risk
Appraisal Guide (SORAG), Historical Clinical Risk Management 20 (HCR 20),
Structured Assessment of Risk and Need (SARN), Spousal Assault Risk
Assessment (SARA).

Treatment of offenders:

‘What Works? report, Offending Behaviour Programmes (OBPs), individual group
therapy, therapeutic communities, behaviour modification.
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LO4 Investigate risk and protective factors for offending

Risk factors:
What does this mean?

Family, e.g.: poor supervision and discipline, history of criminality, anti-social
parental attitudes, low income, poor housing

School, e.g.: low achievement, aggressive behaviour, lack of commitment

Community, e.g.: disadvantaged neighbourhood, disorganisation and neglect,
availability of drugs, high population turnover

Personal, e.g.: hyperactivity and impulsivity, low intelligence and cognitive
impairment, lack of social commitment, positive attitudes towards drugs and
offending, early involvement in drugs and crime, friendships with peers involved
in crime and drug misuse.

Factors most closely linked to reoffending:

Thinking and behaviour, lifestyle, education.

Protective factors:
What does this mean?

Individual, e.g.: female gender, resilient temperament, sense of self-efficacy,
positive and outgoing disposition, high intelligence

Social bonding, e.g.: stable, warm, affectionate relationship with one or both
parents, link with tutors and other prosocial adults

Healthy standards, e.g.: positive behaviour, norms and values held by the
community, parents and tutors, opportunities to be involved and receive praise.

Preventing offending:
What works?
Structured, evidence-based interventions

Link between youth offending and adult offending.
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Learning Outcomes and Assessment Criteria

Pass

identification of offenders

| Merit

LO1 Identify the techniques used to assist in the

| Distinction

P1 Explain how offender
profiling and case linkage are
used to assist in the
identification of offenders

M1 Analyse how Locard’s
principle of exchange and
forensic science techniques
assist in the identification of
offenders

D1 Evaluate the usefulness
and accuracy of offender
profiling, case linkage and
forensic science in identifying
offenders

and the retrieval of memories

LO2 Explore how psychology applies to eyewitness memory

D2 Evaluate the most

P2 Explore the stages of
memory and the factors that
influence the accuracy of
eyewitness memory at each
of the three stages

M2 Assess how victims and
witnesses are supported in
retrieving memories through
effective questioning

effective methods of
questioning victims and
witnesses to ensure accurate
retrieval of memories

LO3 Describe the application of psychology in the
management and treatment of offenders

P3 Describe the sentencing
options and programmes
available for dealing with
offenders

P4 Explain some of the
methods used to assess
offenders to determine
appropriate management
and treatment

M3 Assess the ‘What Works'
debate, considering the
evidence for effective
community- and prison-
based programmes aimed at
reducing reoffending

D3 Evaluate the effectiveness
of accredited programmes
aimed at reducing
reoffending

LO4 Investigate risk and protective factors for offending

P5 Investigate the risk and
protective factors that
research has highlighted as
linked to the risk of people
offending

M4 Analyse the importance
of identifying risk and
protective factors for juvenile
offending with regard to
future adult offending

D4 Evaluate how knowledge
of risk and protective factors
can be used by the public
services to deal with crime
both proactively and
reactively
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Recommended resources

Textbooks
AINSWORTH, P. (2001) Offender Profiling and Crime Analysis. Devon: Willan Publishing.

ALISON, L. (2005) Forensic Psychologists Casebook: Psychological Profiling and Criminal
Investigation. Devon: Willan Publishing.

CANTER, D., ALISON, L. (2016) Profiling in Policy and Practice. London: Routledge.

HOWITT, D. (2018) Introduction to Forensic and Criminal Psychology. 6th ed. Harlow:
Pearson Education Ltd.

LAMPINEN, J.P., NEUSCHATZ, J.S., CLING, A.D. (2017). The Psychology of Eyewitness
Identification. London: Routledge.

SHAPIRO, D.L., NOE, A.M. (2015) Risk Assessment: Origins, Evolution, and Implications for
Practice. London: Springer.

WEISBURD, D., FARRINGTON, D.P., GILL, C. (2016). What Works in Crime Prevention and
Rehabilitation: Lessons from Systematic Reviews. London: Springer.

Web

app.college.police.uk College of Policing
APP content, intelligence management,
analysis, investigation, investigative interviewing
(General reference)

justice.gov.uk UK Government website - Justice
Offenders, before and after release, offender behaviour
programmes (OBPs)
(General reference)

Links

This unit links to the following related unit:

Unit 22: Theories and Causes of Crime
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Unit 24: Sampling and Sample Preparation

Unit code L/617/5381

Unit level 4

Credit value |15

Introduction

Sample collection, preparation and storage depend on the type of samples and the
desired analysis. It is best to always check prior to collecting samples what is required
in terms of sample processing, transport, and storage.

The aim of this unit is to provide students with knowledge in the main sampling
methods and techniques, as well as sample preparation methods, in a wide range of
fields from clinical and non-clinical to biological and chemical areas. This will include
the strategy of sampling, requirements for sampling, and specific sample preparation
methods. In addition, the content of this unit focuses on the process and quality
assurance during the sample preparation stage of different samples including cell and
tissue samples, protein samples, solid phase extraction, solid phase microextraction,
sea samples, water and soil samples.

Attention is paid to proper understanding of the advantages and disadvantages of
different sample preparation methods for the different types of samples. Theoretical
knowledge will be linked with other units.

On completion of this unit students will be better prepared to work in any scientific
industry that requires the collection, packaging, transportation and preservation of
samples such as in analytical, chemical, forensic, criminal, environmental, biomedical
and other similar investigative roles.
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Learning Outcomes

By the end of this unit, students will be able to:

1  Describe the types of sampling and sampling techniques

2 Explain cell, tissue and clinical sampling methods and techniques
3 Explain sample collection and preparation for protein analysis
4

Review sample preparation methods in chemistry, forensic and environmental
sciences.
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Essential Content

LO1 Describe the types of sampling and sampling techniques.

Introduction:
Population, sampling, randomisation

Safety requirements, sampling for analysis

Types of sampling:
Probability and nonprobability sampling
Sample size and frame

Power calculation

Sampling methods:

Simple random sampling, systematic sampling, stratified sampling, matched-
pairs sampling, etc.

Convenience, purposive, snowball, quotas, theoretical sampling

Analytical perspectives of sampling, sample preparation

LO2 Explain cell, tissue and clinical sampling methods and techniques

Sampling methods and techniques:

Endoscopy, sigmoidoscopy, colposcopy, bronchoscopy, laryngoscopy,
gastroscopy, arthroscopy needle biopsy, punch biopsy, shave biopsy, curettage,
evacuation, excision vs incision.

Surgical removal, surface collection (scraping, impression smears, swabs, lavage,
pap smear, tissue biopsy, screening, aspiration, skin tests for allergic reactions,
etc.)

Sampling errors:

Compression, stretching, drying, talc, iron, sutures / staples, contamination,
vascular damage, perforation, infection, tumour, dissemination.
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LO3 Explain sample collection and preparation for protein analysis

Introduction to protein sample preparation:
Protein sample preparation: techniques and applications
Influence and consideration of sample type and source on sample disruption.

Protein electrophoresis, Western blotting, bicinchoninic acid (BCA), proteomics,
ELISA (enzyme-linked immunosorbent assay)

Basic description of cell lysis and total protein extraction, methods of disruption,
extraction, fractionation and quantification, workflow design considerations.

Protein extraction and representative applications:

General goal, experimental use, practical uses, therapeutic use, diagnostic use,
biotechnology purposes.

Source of specimen or sample type:

Cell lysis and its procedure selection strategy; methods; physical, cell and tissue
disruption of sample.

LO4 Review sample preparation methods in chemistry, forensic and
environmental sciences

Difficulties and advances in sampling procedures:

Limited in quantity, environmentally exposed, contamination, contain PCR
inhibitors, etc.

Solid phase and solid phase microextraction methods (SPME):

Accelerants, explosive traces, drugs and poisons from biological specimens and
other forensic applications

Trace evidence recovery and contact DNA in the laboratory:

Techniques to search for and identify blood, saliva and semen.

Characterisation of soil environment:
Sampling and sample preparation
Field sampling, sampling plan, methods and tools, storage and transport

Air drying, sieving, crushing.
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Learning Outcomes and Assessment Criteria

Pass

techniques

| Merit

LO1 Describe the types of sampling and sampling

| Distinction

P1 Identify the types of
sampling methods for
research studies and
sampling techniques

P2 Explain the different
processes of selecting a
sample for research studies

M1 Compare probability and
non-probability sampling as
well as their different types

D1 Analyse probability and
non-probability sampling
techniques, considering the
most common sampling
mistakes

techniques

LO2 Explain cell, tissue and clinical sampling methods and

P3 Outline the different
methods and techniques
used to collect samples

P4 Describe how different
techniques are used to
collect samples for different
purposes

M2 Compare the various
procedures and techniques
used to obtain bodily fluids
or tissue for analysis

D2 Evaluate the different
methods and techniques
used to collect samples,
considering the risks,
preparations, advantages
and disadvantages

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022

317



Distinction

analysis

LO3 Explain sample collection and preparation for protein

P5 Describe the process of
protein sample collection
and preparation

P6 Outline the different
sources of protein sample
collection and the challenges
that need to be tackled in
proper sample preparation

M3 Explain the protein
sample collection,
stabilisation, extraction,
considering the workflow
design and general concerns

D3 Evaluate the different
protein analysis techniques
and the challenges that need
to be tackled in proper
sample preparation of each

LO4 Review sample preparation methods in chemistry,
forensic and environmental sciences.

P7 Describe the difficulties
and advances in sampling
procedures in chemistry,
forensic and environmental
sciences

P8 Explain the analytical
instrumentation methods for
forensic evidence and
environmental particulates

M4 Review the sampling
considerations and
challenges of the analytical
instrumentation methods for
the forensic evidence and
environmental particulates

D4 Compare the sample
preparation techniques used
in chemistry, forensic and
environmental sciences,
considering the limitations
and quality
assurance/quality control of
each

318
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Recommended resources

Textbooks

BRYMAN, A., CRAMER, D. (1994) Quantitative Data Analysis for Social Scientists. 2nd ed.
London: Routledge.

GALL, M.D., GALL, J.P., BORG, W.R. (2006) Educational Research: An Introduction. 8th ed.
New York: Pearson Education Ltd.

HANSEN, S.H., PEDERSEN-BJERGAARD, S. (Eds). (2015) Bioanalysis of Pharmaceuticals:
Sample Preparation, Chromatography and Mass Spectrometry. Chichester: Wiley-
Blackwell.

MICIC, M. (Ed). (2018) Sample Preparation Techniques for Soil, Plant, and Animal Samples.
New York: Humana Press (Springer).

NICKERSON, B. (Ed). (2014) Sample Preparation of Pharmaceutical Dosage Forms:
Challenges and Strategies for Sample Preparation and Extraction. New York: Springer-
Verlag.

POSCH. A., BRUBACHER, M.G., PAULUS, A. (2005) ‘Tools for sample preparation and
prefractionation in two-dimensional gel electrophoresis’, In: SMEJKAL, G.B., LAZAREV,
A. (Eds). Separation methods in Proteomics. Boca Raton, FL: CRC Press, pp. 107-133.

STEVENSON, D., WILSON, I.D. (Eds). (2013) Sample Preparation for Biomedical and
Environmental Analysis (The Chromatographic Society Symposium Series). New York:
Springer.

STOEPPLER, M. (Ed). (2012) Sampling and Sample Preparation: Practical Guide for
Analytical Chemists. New York: Springer Science & Business Media.

Journals

NEUMAN, W.L., ROBSON, K. (2007) ‘Basics of social research: Qualitative and
quantitative approaches’, Power, 48, p.48.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022 319



Web

labmodules.soilweb.ca

thermofisher.com

wolfson.huji.ac.il

Links

Soil Lab Modules
Soil salinity and soil sampling
(Research)

ThermoFisher Scientific
Overview of Protein Assays Methods
(Report)

The Wolfson Centre for Applied Structural Biology
Protein Sample Preparation Handbook
(Report - handbook)

This unit links to the following related units:

Unit 1: Fundamentals of Laboratory Techniques

Unit 21: Criminal Investigation

Unit 34: Forensic Evidence Collection and Preservation

Unit 39: Environmental Monitoring and Analysis

Unit 51: Specialist Scientific Techniques and Experimentation

Unit 57: Infectious diseases and diagnosis

Unit 58: Epidemiology of Communicable Diseases

320

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022


https://labmodules.soilweb.ca/soil-sampling-3/
https://www.thermofisher.com/uk/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-protein-assays.html
http://wolfson.huji.ac.il/purification/PDF/Protein_%0bExpression_Extraction/%0bGE_ProteinSamplePreparationHandbook.pdf
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Unit 25: Personal and Professional Development
for Scientists

Unit code R/617/5382

Unit level 4

Credit value |15

Introduction

Personal and professional development is of the utmost importance within the
science industries due to the constant advancements and changes in science and
technology, legislation and practices. It is also essential for career progression. Over
time, it has become the responsibility of employees to identify their own strengths
and areas for improvement and suggest ways in which they can develop their skills to
meet the needs of the organisation and to facilitate career progression.

This unit is designed to enable students to assess and develop a range of personal
and professional skills. It aims to help students develop the ability to self-appraise,
become confident in managing their own skills, promote future personal and career
development, and achieve their goals for career progression within the science
industries.

The students will initially consider the range of relevant careers available within the
public, private and voluntary sectors, and explore the skill and experience
requirements of different careers within science. They will then evaluate their own
knowledge, skills, experience, practice, values and beliefs in relation to working in the
science industries; focus on their own personal and professional development;
produce a development plan by considering their own qualities, skills, experience, and
current and future needs; and produce a professional portfolio.

On successful completion of this unit, the students will be able to draw on a range of
sources of information and use appropriate tools to assess their personal and
professional development, including their vocational experience and other relevant
experiences such as their formal study, employment and/or voluntary activity. They
will also be able to plan appropriate methods to meet their personal and professional
development needs through training and professional development. Furthermore,
they will be able to review the effectiveness of these plans in relation to specific roles
within the science industries.
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Learning Outcomes

By the end of this unit, students will be able to:

1 Explore the skill and experience requirements of careers within the science
industries

2 Assess own personal and professional skills
Produce a personal and professional development plan

4 Produce a personal and professional development portfolio.
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Essential content

LO1 Explore the skill and experience requirements of careers within the science
industries

Careers within the science industries:

Key science pathways: biology; biotechnology; forensic science; chemistry;
environmental sustainability; water and wastewater; food science, technology
and nutrition; polymer science and technology; biomedical science;
pharmaceutical science; health informatics; bioinformatics; medical technology

Sectors: public, private, voluntary, public/private partnerships
Employers: local, national and international (public, private and voluntary)

Employment contracts: full-time, part-time, fixed-term contract, zero-hours
contract, apprenticeships, self-employment (independent, subcontracted).

Skill requirements:

Communication skills, e.g.: effective listening, respect of others’ opinions,
negotiation, persuasion, assertiveness, presentation skills (including the use of
ICT)

Working with others, e.g.: teamwork, flexibility/adaptability, social skills,
leadership, co-operation

Time management, e.g.: organisational skills, time management, prioritising
workloads, setting work objectives, using time effectively

Other attributes, e.g.: reliability, commitment, resilience, empathy, emotional
intelligence, self-discipline, creativity, problem-solving, initiative, confident,
motivated

Other technical skills, e.g.: computer literacy, operating scientific equipment,
administering test procedures, following strict guidelines.

Availability of skills:

Skills balance: current and future needs, skills mismatch and gaps, over- vs
under-supply, over- vs under-skilled, over- vs under-qualified professionals.
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LO2 Assess own personal and professional skills

LO3
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Skills assessment techniques:
Methods of assessment. e.g.: questionnaires, interview, observation

Self-appraisal, e.g.: skills audit (personal profile using appropriate self-
assessment tools), SWOT analysis (strengths, weaknesses, opportunities,
threats).

Own skills and experience:

Communication skills, e.g.: effective listening, respect of others’ opinions,
negotiation, persuasion, assertiveness, presentation skills (including the use of
ICT)

Working with others, e.g.: teamwork, flexibility/adaptability, social skills,
leadership, co-operation

Time management, e.g.: organisational skills, time management, prioritising
workloads, setting work objectives, using time effectively

Other attributes, e.g.: reliability, commitment, resilience, empathy, self-discipline,
creativity, problem-solving, initiative, confident, motivated

Other technical skills, e.g.: computer literacy, operating scientific equipment,
administering test procedures, following strict guidelines

Experience, e.g.: paid, voluntary, recreational, relevance to the sciences industry.

Produce a personal and professional development plan

Setting goals:

S.M.A.R.T. goals (specific, measurable, attainable, relevant, time-bound), learning
goals, employment goals, short/medium/long term goals.

Development plan:

Contents of plan: current skills and abilities, aims and objectives, goals, needs
and expectations, strengths, areas for improvement,
skills/knowledge/qualifications required, action plans, learning
programme/activities, achievement and review dates, future needs

Education, e.g.: formal academic qualifications (HNC/HND/BSc/MSc/PhD)

Training, e.g.: career-based or vocational qualifications, apprenticeships
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Short courses, e.g.: health and safety, updating laboratory skills, using scientific
instruments, learning new scientific techniques, improving computer literacy,
project/product management, conflict management, assertiveness training, time
management, bookkeeping, team leadership

Learning from others, e.g.: observation, mentoring, supervision, tutorials,
informal networks, team members, line managers, other professionals

Continuous Professional Development (CPD): training vs development, personal
needs (based on skills audit and/or future plans), employer needs (based on
skills gaps and/or company goals), attending conferences, seminars and
workshops, working toward professional accreditation

Networking: building professional relationships, becoming an active member of a
professional body/institute, talk with like-minded professionals, promote
yourself, career opportunities, industry trends and best practices, etc.

LO4 Produce a personal and professional development portfolio

Portfolio building to support plan:

Portfolio presence, e.g.: need for planning, choice of medium (online or paper-
based), pitfalls of non-professional online presence.

Developing portfolio, e.g.: CV, online profile (e.g. LinkedIn), business cards,
personal statement, qualification and training certificates, record of training,
evidence of experience, development plan.

Maintaining portfolio: updating contents, relevance of portfolio to career goals,
continuous review, maintaining contents in relation to development plan.

Review development portfolio and own learning:

Reflective practice, e.g.: Kolb Learning Cycle, Gibbs Reflective Cycle, Brookfield
Lenses

Effectiveness: strengths, areas for improvement, recommendations for future
development, completion of aims and objectives, links to SWOT analysis

Monitoring and evaluation of effectiveness, e.g.: interviews, observation, peer
assessment

Evaluation of progress, e.g.: recording progress, updating portfolio, responding
to feedback, resetting aims, objectives and goals.
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Learning Outcomes and Assessment Criteria

Distinction

LO1 Explore the skill and experience requirements of
careers within the science industries

P1 Review different job
opportunities within the
science industries

P2 Assess the skill and
experience requirements of
careers within the science
industries

M1 Compare and contrast
the skill and experience
requirements of careers
within the science industries

D1 Analyse availability and
imbalance of skills within the
science industries and
suggest how your findings
may affect your choice of
career path

LO2 Assess own personal and

professional skills

P3 Complete a personal
SWOT analysis, identifying
strengths, weaknesses,
opportunities and threats

P4 Assess own suitability for
a career in the science
industries

M2 Evaluate own suitability
for a specific role in the
science industries identifying
shortcomings and areas for
development

D2 Justify areas for
development making
reference to the ‘person
specification’ and ‘job
description’ for a specific role
that you would intend to
apply for in the science
industries

LO3 Produce a personal and p

rofessional development plan

P5 Design own personal and
professional development
plan for intended career path
in the science industries

P6 Analyse different training
and development
opportunities

M3 Explain the importance
of networking to professional
development and career
progression indicating the
steps one must take for
effective networking

D3 Justify the contents of
own personal and
professional development
plan in relation to the ‘person
specification’ for a specific
role relevant to own
intended career path in the
science industries
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Distinction

LO4 Produce a personal and professional development

portfolio.

P7 Describe the most
appropriate form(s) that own
portfolio should take

P8 Develop a personal and
professional development
portfolio which will include a
CV, profile on professional
social network, and business
cards

M4 justify the process
intending to follow in order
to create, maintain and
update own portfolio

D4 Evaluate own personal
and professional
development portfolio,
identify areas for
improvement, and explore
how it will facilitate career
progression within the
science industries
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Recommended resources

Textbooks

BRYMAN, A., CRAMER, D. (1994) Quantitative Data Analysis for Social Scientists. 2nd ed.
London: Routledge.

GALL, M.D., GALL, J.P., BORG, W.R. (2006) Educational Research: An Introduction. 8th ed.
New York: Pearson Education Ltd.

HANSEN, S.H., PEDERSEN-BJERGAARD, S. (Eds). (2015) Bioanalysis of Pharmaceuticals:
Sample Preparation, Chromatography and Mass Spectrometry. Chichester: Wiley-
Blackwell.

MICIC, M. (Ed). (2018) Sample Preparation Techniques for Soil, Plant, and Animal Samples.
New York: Humana Press (Springer).

NICKERSON, B. (Ed). (2014) Sample Preparation of Pharmaceutical Dosage Forms:
Challenges and Strategies for Sample Preparation and Extraction. New York: Springer-
Verlag.

POSCH. A., BRUBACHER, M.G., PAULUS, A. (2005) ‘Tools for sample preparation and
prefractionation in two-dimensional gel electrophoresis’, In: SMEJKAL, G.B., LAZAREV,
A. (Eds). Separation methods in Proteomics. Boca Raton, FL: CRC Press, pp. 107-133.

STEVENSON, D., WILSON, I.D. (Eds). (2013) Sample Preparation for Biomedical and
Environmental Analysis (The Chromatographic Society Symposium Series). Springer.

STOEPPLER, M. (Ed). (2012) Sampling and Sample Preparation: Practical Guide for
Analytical Chemists. Springer Science & Business Media.

Journals

NEUMAN, W.L., ROBSON, K. (2007) ‘Basics of social research: Qualitative and
quantitative approaches’, Power, 48, p.48.

Web
labmodules.soilweb.ca Soil Lab Modules
Soil salinity and soil sampling
(Research)
thermofisher.com ThermoFisher Scientific
Overview of Protein Assays Methods
(Report)
wolfson.huji.ac.il The Wolfson Centre for Applied Structural Biology

Protein Sample Preparation Handbook
(Report - handbook)
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http://wolfson.huji.ac.il/purification/PDF/Protein_%0bExpression_Extraction/%0bGE_ProteinSamplePreparationHandbook.pdf

Links

This unit links to the following related units:

Unit 1: Fundamentals of Laboratory Techniques

Unit 21: Criminal Investigation

Unit 34: Forensic Evidence Collection and Preservation

Unit 39: Environmental Monitoring and Analysis

Unit 51: Specialist Scientific Techniques and Experimentation
Unit 57: Infectious diseases and diagnosis

Unit 58: Epidemiology of Communicable Diseases
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Unit 26: Managing Scientific Projects

Unit code Y/617/5383

Unit level 4

Credit value |15

Introduction

This unit provides an understanding and experience of project management
principles, methodologies, tools and techniques that may be used for the
management of scientific projects in the industry and the public sector to ensure
successful scientific endeavours that relate to academic research, organisational
research and development, or consultancy.

Through this unit students will learn what constitutes a project, the role of a project
manager and the project team, as well as that of the project stakeholders. The criteria
for the success or failure of a project will be examined, project management systems
will be evaluated, and the elements involved in project termination and appraisal will
be reviewed.

Students will be able to analyse project requirements and plan the activities needed
to carry out a project. This includes how to set up, cost, plan, execute, control and
monitor a project, and how to carry out project reviews using a specialist project
management software package. Together with factors associated with effecting
project change and minimising risk, students will also appreciate how the project fits
into the strategy or business plan of an organisation that focuses in the science
sector.
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Learning Outcomes

By the end of this unit, students will be able to:

1 Explain the concept of project management, and the roles of the project team and
major stakeholders

2 Develop a project strategy plan that defines the key policies, procedures and
priorities for a scientific project

3 Undertake the planned project activities to generate outcomes that satisfy the
requirements of the scientific project

4  Communicate the project outcomes and reflect on the value gained from
conducting the project.

Note: LOs 2-4 must be based on a project scenario that relates to the specific
pathway studied. The Assessment Criteria may also be tailored to the workplace of a
particular student assuming they work in a relevant field within Applied Sciences.
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Essential content

LO1 Explain the concept of project management, and the roles of the project
team and major stakeholders

Project management:
Definitions for project and project management

Definitions and relationships between: project, program, portfolio and their
associated management

Defining project success, the need for formal project management, project
management framework, best practice

The systems approach to project management: system’s philosophy, systems
analysis, and systems management

The triple constraint of project management: cost, time, scope

The three sphere model for systems management: business, organisations,
technology

Organisational structures: functional, project-based, matrix

The key stages of project management: conception and initiation, planning,
execution, performance monitoring, project closure.

The project manager:

Definition and role evolution, knowledge areas, interpersonal skills,
responsibilities, attributes, competencies, managerial skills, managing project
teams.

The project team:
Selection of project team members based on specific skills required

Duties: contribution to overall project objectives, completing individual
deliverables, providing expertise, interacting with users to establish and meet
business needs, documenting the process, testing.
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Stakeholders:

Definitions, types, key differences and relationships with the project, the
sponsor(s), support staff, customers, users, suppliers, opponents to the project

Stakeholders’' power, interest, client influences, funding institutions,
shareholders

Local authority, professionals, consultants, public interests, end user, owner,
conflict of interest

Stakeholder collaboration and communication

Stakeholder governance and management.

Professional bodies, recognition and standards:

The project management profession: history, track record, employability
Professional bodies representing project managers

International project management standards

Ethics and professional conduct in project management

Techniques and guides, including PRINCE2 (PRojects IN Controlled Environments)
and Project Management Body Of Knowledge (PMBOK) Guide

Project management software
Certifications: PMP, PRINCE2.

LO2 Develop a project strategy plan that defines the key policies, procedures
and priorities for a scientific project

Conception and initiation phase of the project:
Customer requirements
Project stakeholder analysis

Scoping a project: defining objectives, scope, purpose and deliverables to be
produced

The business case

Steps and documentation required in the initiation phase.
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LO3
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The project planning phase:
The planning flowchart

Developing the project plan, including planning for timescales and time
management, cost, procurement, quality, change, risk and issues

The work breakdown structure
Use of bar and Gantt charts for effective planning

Risk: management, planning, identification, qualification, quantification,
response planning, critical chain management, buffer allocation, reserves

Estimating: methods, activities, productivity, availability, cost, errors.

Undertake the planned project activities to generate outcomes that satisfy
the requirements of the scientific project

Project execution phase:

Selecting appropriate methods of information gathering, data collection and
material resourcing

The distinct phases that support a coherent and logical argument
Use of secondary research to inform a primary empirical study

Qualitative and quantitative research methods.

Field work:

Selecting a sample of the consumer market, businesses or individuals (those who
meet certain characteristics relevant to the research theme) that will be used to
gather data (qualitative or quantitative)

Sampling approaches and techniques, including probability and nonprobability
sampling.

Ethics, reliability and validity:

All research should be conducted ethically — how is this achieved and reported?

Research should also be reliable (similar results achieved from a similar sample)
and valid (the research should measure what it aimed to measure).
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Analysing information and data:
Using data collection tools, such as interviews and questionnaires

Using analytical techniques, such as trend analysis, coding or typologies.

Monitoring and control:
Purpose of monitoring and control, managing expectations, status meetings

Managing scope change, change impact analysis, change approval, change
control

Scheduling: managing schedules, schedule crashing, fast-tracking

Statusing and managing cost

Managing risk

Earned value management (EVM): metrics, cost projections, schedule projections

Managing quality: expected quality, deming cycle, fit-for-purpose, peer reviews,
user reviews, user review management tools

Problem resolution: solution options, persuasion techniques

Periodic reports (weekly/monthly).

Project closure:

Acceptance: in closing, change management, scope verification, scenario based
scope verification, practical delivery criteria, transition to operations

The lessons learned process
Team closure: people transition, project celebration

Final project report.
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LO4 Communicate the project outcomes and reflect on the value gained from
conducting the project

Communicating outcomes:

Consider the method (e.g. written, verbal) and the medium (e.g. report, online,
presentation)

Both method and medium will be influenced by the project research and its
intended audience.

Convincing arguments:

All findings/outcomes should be convincing and presented logically where the
assumption is that the audience has little or no knowledge of the project process

Developing evaluative conclusions.

Critical and objective analysis and evaluation:

Secondary and primary data should be critiqued and considered with an
objective mindset

Objectivity results in more robust evaluations where an analysis justifies a
judgement.

Reflection for learning and practice:

The difference between reflecting on performance (research process,
information gathering and data collection) and evaluating a project (quality of
research argument and use of evidence).

The cycle of reflection:
To include reflection in action and reflection on action

How to use reflection to inform future behaviour, particularly directed towards
sustainable performance

Reflective writing by focusing on personal development and the research journey
in a critical and objective way.

Avoiding Generalisation: Outcomes should be specific and actionable.
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Learning Outcomes and Assessment Criteria

Pass

| Merit

LO1 Explain the concept of project management and the
roles of the project team and major stakeholders

| Distinction

P1 Define project
management and its
relationship to program and
portfolio management

P2 |dentify the roles of the
project manager, project
team and stakeholders

M1 Analyse the effect that
the triple constraint of
project management has on
the success of a project

D1 Assess the importance of
ethics and professional
conduct in project
management in the science
sector

LO2 Develop a project strategy plan that defines the key
policies, procedures and priorities for a scientific project

D2 Produce a

P3 Develop a project
management plan with clear
aims and objectives and
aspects of cost, scope, time,
quality, communication, risk
and resources

P4 Develop a work
breakdown structure and
Gantt chart to provide
timeframes and stages for
completion

M2 Investigate the effect
that risk has on the success
of a project in science if it is
estimated inappropriately
and monitored incorrectly

comprehensive project
management plan,
milestone schedule and
project schedule for
monitoring and completing
the aims and objectives of
the project
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Distinction

LO3 Undertake the planned project activities to generate
outcomes that satisfy the requirements of the scientific

project

P5 Undertake project
activities, recording progress
against the original project
plan

P6 Carry out small-scale
research by applying
qualitative and quantitative
research methods
appropriate for meeting
project aims and objectives

M3 Explore alternative
methods to monitor and
meet project milestones,
justifying the selection of
chosen method(s)

D3 Evaluate the success of
the project plan making
recommendations for
improvements

LO4 Communicate the project outcomes and reflect on the
value gained from conducting the project.

P7 Communicate
appropriate
recommendations as a result
of research and data
analysis to draw valid and
meaningful conclusions

P8 Reflect on the value of
undertaking the research to
meet stated objectives and
own learning and
performance

M4 Justify the selection of
appropriate tools and
techniques for accuracy and
authenticity to support
recommendations

D4 Evaluate and reflect on
the project outcomes, the
decision-making process and
changes or developments of
the initial project
management plan to

support justification of
recommendations and
learning during the project
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Recommended resources

Textbooks

BENNETT, N., AXELOS. (2017) Managing successful projects with PRINCE2. 7th ed.
Norwich: The Stationery Office (TSO).

D'HERBEMONT, O., CESAR, B. (2020) Managing Sensitive Projects: A Lateral Approach.
Abingdon: Routledge.

DIONISIO, D.S. (2019) Microsoft Project 2019 For Dummies. Hoboken, NJ: John Wiley &
Sons, Inc.

KERZNER, H. (2017) Project Management: A Systems Approach to Planning, Scheduling,
and Controlling. 12th ed. Hoboken, NJ: John Wiley & Sons, Inc.

KERZNER, H. (2018) Project Management Best Practices: Achieving Global Excellence. 4th
ed. Hoboken, NJ: John Wiley & Sons, Inc.

LOCK, D. (2014) The Essentials of Project Management. 4th ed. Abingdon: Routledge.

OFFICE OF GOVERNMENT COMMERCE (2009) Managing Successful Projects with Prince2.
Norwich: The Stationary Office (TSO).

PINTO, J.K. (2018) Project Management: Achieving Competitive Advantage. Global Edition.
5th ed. Harlow: Pearson Education Ltd.

PROJECT MANAGEMENT INSTITUTE (2017) A Guide to the Project Management Body of
Knowledge. 6th ed. Newtown Square, PA: Project Management Institute.

SPRINGER, M. (2019) Project and Program Management: A Competency-Based Approach.
4th ed. West Lafayette, IN: Purdue University Press.

STARK, E. (2016) Agile Project Management QuickStart Guide: A Simplified Beginners Guide
To Agile Project Management. Albany: Clydebank Media.

WINGATE, L.M. (2014) Project Management for Research and Development: Guiding
Innovation for Positive R&D Outcomes. Boca Raton, FL: Taylor Francis Group/CRC
Press/Auerbach Publications.

Web

apm.org.uk Association for Project Management
(General reference)

prince2.com Prince2
Accredited training organisation
(Training)

pmi.org Project Management Institute

(General reference)
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Links

This unit links to the following related units:

Unit 3: Regulation and Quality in the Applied Sciences

Unit 12: Managing Environmental Resources

Unit 25: Personal and Professional Development for Scientists
Unit 28: Applied Sciences Research Project

Unit 51: Specialist Scientific Techniques and Experimentation
Unit 61: Science Laboratory Management

Unit 62: Organisations and Change Management

Unit 63: Entrepreneurship and New Business Development
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Unit 27: Analysis of Scientific Data and
Information

Unit code D/617/5384

Unit type Core

Unit level 5

Credit value |15

Introduction

The ability to apply mathematical techniques in the analysis and evaluation of
scientific data and information is of utmost importance in the scientific sector.
Knowledge and confidence in handling varying sizes of data enables scientists to
understand and explain the reasons behind behaviours and reactions, as is the ability
to validate and identify errors in experimental results. Statistical trends and
projections will also support the development of science and enable scientists to
further support developments and/or proactively deal with potentially unwanted
issues in science.

This unit aims to further develop the knowledge gained from studying the Unit 2:
‘Scientific Data Handling Approaches and Techniques’ and extends it to a higher level of
ability for use in industry and research. It includes: further statistical analysis of
scientific data and information; use of matrix methods to solve systems of linear
equations relevant to science applications; use of differential and integral calculus to
solve scientific problems; and graphical and numerical methods as well as ways of
assessing limitations and concluding results on realistic scientific examples.

On successful completion of this unit students will be able to use mathematical and
statistical techniques, matrices, differential and integral calculus, graphical and
numerical methods, and validation techniques to support their work in the science
sector.
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Learning Outcomes

By the end of this unit, students will be able to:
1 Analyse scientific data using statistics.

2 Use matrix methods to solve systems of linear equations relevant to science
applications.

3 Examine how differential and integral calculus can be used to solve scientific
problems.

4  Approximate solutions of contextualised examples with graphical and numerical
methods, and assess limitations and concluding results.
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Essential Content

LO1 Analyse scientific data using statistics

Descriptive statistics:

Measures of central tendency, e.g. mode, median, mean; measures of
dispersion, e.g. variance, standard deviation; coefficient of variation.

Normal distributions:

Probability distributions; normal distributions; standardising; tests for normality;
percentiles; samples of populations; standard error of the mean; confidence
limits.

Hypothesis testing:

Null hypothesis; alternative hypothesis.

Statistical tests:

Type: e.g. z-test, Student’s t-test, F-test, Pearson’s chi-squared (x?) test, Pearson’s
product moment correlation coefficient; significance levels; power of the test;
one-tailed and two-tailed tests.

Trends, projections and forecasts

LO2 Use matrix methods to solve systems of linear equations relevant to
science applications

Matrix methods:

Introduction to matrices and the matrix notation

The process for addition, subtraction and multiplication of matrices
Vector-Matrix Form

Introducing the determinant of a matrix and calculating the determinant for a
2X2 matrix.
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Solving for the unknowns in a matrix:

Using Cramer's Rule by taking a square matrix to find determinants
Using the inverse of a square matrix to solve linear equations
Gaussian elimination to solve systems of linear equations (up to 3x3

Using matrices to solving examples in specialist science pathways.

Solving scientific problems involving matrices:

Examples specific to the specialist pathway.

LO3 Examine how differential and integral calculus can be used to solve
scientific problems

Differential calculus:
Definitions and concepts

Definition of a function and of a derivative, graphical representation of a
function, notation of derivatives, limits and continuity, derivatives; rates of
change, increasing and decreasing functions and turning points

Differentiation of functions, including: standard functions/results; using the
chain, product and quotient rules; second order and higher derivatives

Types of function: polynomial, logarithmic, exponential and trigonometric (sine,
cosine and tangent), inverse trigonometric and hyperbolic functions.

Integral calculus:

Definite and indefinite integration

Integrating to determine area

Integration of common/standard functions and by substitution and parts
Exponential growth and decay

Types of function: algebraic, including partial fractions and trigonometric (sine,
cosine and tangent) functions.

Solving scientific problems involving calculus:

Examples specific to the specialist pathway.
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LO4 Approximate solutions of contextualised examples with graphical and
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numerical methods, and assess limitations and concluding results

Graphical and numerical methods:

Standard curves of common functions, including quadratic, cubic, logarithm and
exponential curves

Systematic curve sketching knowing the equation of the curve
Using sketches to approximate solutions of equations

Numerical analysis using the bisection method and the Newton-Raphson
method

Numerical integration using the mid-ordinate rule, the trapezium rule and
Simpson's rule.

Assessing limitations and concluding results:

Total error in results: combination of component errors; representation of
numbers; round-off errors; truncation errors; level of confidence in the results
obtained.

Conclusions from the work: values of measured parameters; validity of
hypotheses; support for theoretical models; confirmation of model developed;
accuracy; precision of measurements

Information on the problem studied: fitness for purpose of the methods used;
validity of conclusions; information provided on the systems studied;
compatibility of results with those from other sources.
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Learning Outcomes and Assessment Criteria

Pass

| Merit

LO1 Analyse scientific data using statistics

| Distinction

P1 Assess the use of
descriptive statistics to
establish whether data
conforms to a normal
distribution

P2 Apply significance testing
to establish whether a
hypothesis is correct

M1 Discuss the application of
one-tailed and two-tailed
tests

D1 Critically analyse the
application of different
statistical tests using suitable
examples

LO2 Use matrix methods to solve systems of linear
equations relevant to science applications

P3 Explore matrix operations
relevant to science
applications

P4 Apply matrix algebra to
solve a system of linear
equations to scientific
problems

M2 Calculate the inverse
matrix for given 3x3 matrices
to solve a set of 3 linear
equations

D2 Analyse the applications
of matrix algebra with the
solutions you derived

LO3 Examine how differential and integral calculus can be
used to solve scientific problems

P5 Determine rates of
change for algebraic,
logarithmic and circular
functions using the quotient,
product and chain rules

P6 Use integral calculus to
solve practical problems
relating to the applied
sciences

M3 Formulate predictions of
exponential growth and
decay models, using
integration methods

D3 Research real-world
applications of exponential
growth and decay models to
evaluate how closely they
correlate
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concluding results

LO4 Approximate solutions of contextualised examples with
graphical and numerical methods, and assess limitations and

P7 Estimate solutions of
sketched functions using
graphical and numerical
estimation methods

P8 Assess the accuracy of a
model and the results
obtained using the outcomes
of processing carried out on
experimental data

M4 Solve scientific problems
and formulate mathematical
models, using graphical and
numerical integration

M5 Discuss validity and
confirmation of experimental
results obtained prior to
concluding

Distinction

D4 Critique the use of
numerical estimation
methods, commenting on
their applicability and the
accuracy of the methods
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Recommended resources

Textbooks

AITKEN, M., BROADHURST, B., HLADKY, S. (2009) Mathematics for Biological Scientists.
New York: Garland Science (Taylor & Francis Group).

FRANCIS, P.G. (2013) Mathematics for Chemists. New York: Springer.

HOLMES, S., HUBER, W. (2019) Modern Statistics for Modern Biology. Cambridge:
Cambridge University Press.

MONK, P., MUNRO, L.J. (2010) Maths for Chemistry: A Chemist's Toolkit of Calculations.
2nd ed. Oxford: Oxford University Press.

MOORE, D.S., MCCABE, G.P., CRAIG, B.A. (2017) Introduction to the Practice of Statistics.
9th ed. New York: W.H. Freeman (Macmillan Publishers).

SINGH, K. (2011) Engineering Mathematics Through Applications. 2nd ed. Basingstoke:
Palgrave Macmillan.

STEINER, E. (2008) The Chemistry Maths Book. 2nd ed. New York: Oxford University
Press USA.

STROUD, K.A. (2009) Foundation Mathematics. Basingstoke: Palgrave Macmillan.

STROUD, K.A., BOOTH, D.J. (2013) Engineering Mathematics. 7th ed. Basingstoke:
Palgrave Macmillan.

Web

mathcentre.ac.uk Mathcentre
(Tutorials)

mathtutor.ac.uk Mathtutor
(Tutorials)
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Links

This unit links to the following related units:

Unit 1: Fundamentals of Laboratory Techniques

Unit 2: Scientific Data Handling Approaches and Techniques
Unit 5: Fundamentals of Chemistry

Unit 14: Food Technology

Unit 21: Criminal Investigation

Unit 26: Managing Scientific Projects

Unit 28: Applied Sciences Research Project

Unit 33: Analytical Techniques for Forensic Science

Unit 51: Specialist Scientific Techniques and Experimentation

Unit 59: Genetic Analysis
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Unit 28: Applied Sciences Research Project
(Pearson-set)

Unit code H/617/5385

Unit type Core

Unit level 5

Credit value |30

Introduction

Completing a piece of research is an opportunity for students to showcase their
intellect and talents. It integrates knowledge with different skills and abilities that may
have not been assessed previously, which may include seeking out and reviewing
original research papers, designing their own experimental work, solving problems as
they arise, managing time, finding new ways of analysing and presenting data, gaining
further skills appropriate to their research, writing an extensive report, and presenting
it in front of an audience. Research can always be a challenge but one that can be
immensely fulfilling, an experience that goes beyond a mark or a grade but extends
into long-lasting areas of personal and professional development.

This unit introduces students to the skills necessary to deliver a complex,
independently conducted research project that fits within the context of applied
sciences, such as: biology; biotechnology; forensic science; chemistry; environmental
sustainability; water and wastewater; food science, technology and nutrition; and
polymer science and technology. The students will develop skills such as critical
thinking, analysis, reasoning, interpretation, decision-making, information literacy,
innovation, creativity, collaboration, adaptability, written and oral communication.

On successful completion of this unit, students will be able to deliver a complex and
independent research project in line with the original objectives, explain the critical
thinking skills associated with solving scientific problems, consider multiple
perspectives in reaching a balanced and justifiable conclusion, make
recommendations based on their findings, suggest ways for further research and/or
development of the topic, and communicate effectively a research project's outcome,
both in writing and in front of an audience.
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The unit is assessed by a Pearson-set assignment. Students will choose their own project
based on a theme provided by Pearson (this will change annually). The project must be
related to their specialist pathway of study. This will enable students to explore and
examine a relevant and current topical aspect of applied sciences in the context of an
organisational or academic environment and their chosen specialist pathway.
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Learning Outcomes

By the end of this unit, students will be able to:

1 Examine research methodologies and approaches appropriate to applied
sciences, as part of the research process

2 Conduct and analyse research relevant to the applied science research project
topic chosen

Communicate the outcomes of the research project to identified stakeholders

4  Reflect on the application of research methodologies and concepts.
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Essential Content

LO1 Examine research methodologies and approaches appropriate to applied
sciences, as part of the research process

Developing a research proposition:

The importance of developing methodical and valid propositions as the
foundation for a research project

Rationale: the purpose and significance for research question or hypothesis

The value of the philosophical position of the researcher and the chosen
methods

Use of Saunders' research onion as a guide to establishing a methodological
approach.

Literature review:
Conceptualisation of the research problem or hypothesis

The importance of positioning a research project in the context of existing
knowledge

Significance and means of providing benchmarks by which data can be judged.

Qualitative, quantitative and mixed method research:
Key theoretical frameworks for research

Advantages and limitations of qualitative and quantitative research approaches
and methods.

Health, safety, and risk assessment in relation to project work:

Potential hazards e.g. risk assessment, COSHH analysis, expectation and
responsibilities, etc.

List of requirements:
Equipment (e.g. time using instruments, glassware, specialist equipment, etc.)

Materials (e.g. chemicals, bacterial cultures, polymer samples, food samples, etc.)

Technical support (e.g. advice on how to use specific equipment, supervision for
fieldwork, preparation of materials, etc.)

Time management:

Gantt chart or similar time management tools to support planning
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LO2 Conduct and analyse research relevant to the applied science research
project topic chosen

Research as a process:

Research has distinct phases which support a coherent and logical argument.
This includes using secondary research to inform a primary, empirical, study.

Selecting a sample:

The importance of gathering data and information (qualitative or quantitative) to
support research analysis

Selecting sample types and sizes that are relevant to the research
Considering sampling approaches and techniques, including probability and
nonprobability sampling.

Ethics, reliability and validity:

Research should be conducted ethically. How is this achieved and reported?

Research should also be reliable (similar results would be achieved from a similar
sample) and valid (the research measures what it aimed to measure).

Analysing data:
Using data collection tools such as interviews and questionnaires

Using analytical techniques such as trend analysis, coding or typologies.
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LO3 Communicate the outcomes of the research project to identified
stakeholders

Stakeholders:
Who are they?
Why would they be interested in the research outcomes?

What communication method do they expect?

Communicating research outcomes:

Consideration of different methods of communicating outcomes (e.g. written
word, spoken word) and the medium (e.g. report, online, presentation). The
method and medium will be influenced by the research and its intended
audience.

Convincing arguments:

No matter what the method/medium, all research should be convincing and
presented logically where the assumption is that the audience has little or no
knowledge of the research process

The importance of developing evaluative conclusions.
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LO4

350

Reflect on the application of research methodologies and concepts

Reflection for learning and practice:

Difference between reflecting on performance and evaluating a research project.
The former considers the research process; the latter considers the quality of the
research argument and use of evidence

Reflection on the merits, limitations and potential pitfalls of the chosen methods.

The cycle of reflection:
To include reflection in action and reflection on action

Considering how to use reflection to inform future behaviour and future
considerations.

Reflective writing:

Avoiding generalisation and focusing on personal development and the research
journey in a critical and objective way.
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Learning Outcomes and Assessment Criteria

Pass

process

| Merit

LO1 Examine research methodologies and approaches
appropriate to applied sciences, as part of the research

P1 Produce a research
proposal that clearly defines
a research question or
hypothesis supported by a
literature review

P2 Examine appropriate
research methods and
approaches to primary and
secondary research

M1 Evaluate different
research approaches and
methodologies and make
justifications for the choice
of methods selected based
on philosophical/theoretical
frameworks

LO2 Conduct and analyse research relevant to the applied
science research project topic chosen

P3 Conduct primary and
secondary research, using
appropriate methods for a
research project in applied
science that also considers
ethical issues

P4 Apply appropriate
analytical tools, analyse
research findings and data

M2 Discuss merits,
limitations and pitfalls of
approaches to data
collection and analysis

| Distinction

LO1 and LO2

D1 Critically evaluate
research methodologies and
processes in application to a
research project in applied
sciences to justify chosen
research methods and
analysis
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Distinction

identified stakeholders

LO3 Communicate the outcomes of the research project to

P5 Communicate research
outcomes in an appropriate
manner for the intended
audience

M3 Coherently and logically
communicate outcomes to
the intended audience,
demonstrating how
outcomes meet set research
objectives

D2 Communicate critical
analysis of the outcomes
and make valid and justified
recommendations

LO4 Reflect on the application
and concepts.

of research methodologies

P6 Reflect on the
effectiveness of research
methods applied for meeting
objectives of the research
project in applied sciences

P8 Consider alternative
research methodologies and
lessons learned in view of
the outcomes

M4 Provide critical reflection
and insight that results in
recommended actions for
improvements and future
research considerations

D3 Demonstrate reflection
and engagement in the
research process leading to
recommended actions for
future improvement

358

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022




Recommended resources

Textbooks

BELL, J., WATERS, S. (2018) Doing Your Research Project: A Guide for First-time
Researchers. 7th ed. London: Open University Press.

COSTLEY, C., ELLIOT, G., GIBBS, P. (2010) Doing Work Based Research: Approaches to
Enquiry for Insider-researchers. London: SAGE Publications Ltd.

DAVIES, M., HUGHES, N. (2014) Doing a Successful Research Project: Using Qualitative or
Quantitative Methods. 2nd ed. London: Springer/Red Globe Press.

FINK, A. (2019) Conducting Research Literature Reviews: From the Internet to Paper. 5th
ed. USA: SAGE Publications Inc.

FLICK, U. (2011) Introducing Research Methodology: A Beginner’s Guide to Doing a
Research Project. London: SAGE Publications Ltd.

GRAY, D. (2017) Doing Research in the Real World. 4th Ed. London: SAGE Publications
Ltd.

SAUNDERS, M., LEWIS, P., THORNHILL, A. (2012) Research Methods for Business
Students. 6th ed. Harlow: Pearson Education Ltd.

THOMAS, G. (2017) How to Do Your Research Project: A Guide for Students. 3rd ed.
London: SAGE Publications Ltd.

Web

apm.org.uk Association for Project Management
(General reference)

sciencemag.org Science Magazine
(Research)

Links

This unit links to the following related units:
Unit 2: Scientific Data Handling Approaches and Techniques
Unit 26: Managing Scientific Projects

Unit 27: Analysis of Scientific Data and Information
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Unit 29: Biochemistry of Macromolecules and
Metabolic Pathways

Unit code K/617/5386

Unit level 5

Credit value |15

Introduction

Biochemistry is the study of chemical substances and vital processes that occur in
living organisms. It involves the study of the structure and function of cellular
components, such as proteins, carbohydrates, lipids, nucleic acids, and other
biomolecules, and of their functions and transformations during life processes. Its
main objective is to understand how biomolecules relate to a particular process within
a living cell.

In this unit the students will develop an understanding of how the structure and
function of proteins are determined by the chemical structure and functional group
chemistry of amino acids. The students will also learn how chemical structure and
functional group chemistry enable phospholipids to form membranes.

The unit also enables students to develop an understanding of the key features of the
main metabolic pathways and their relationship to one another. The students will
develop an understanding of how enzymes regulate metabolic pathways. The
students will also learn how enzymes may act as activators and inhibitors of other
enzymes in the metabolic process.

The unit gives students the opportunity to develop a range of biochemical practical
skills that involve separation, purification, identification and measurement. The
students will also learn to analyse and display experimental results correctly and to
form conclusions based on data analysis.
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Learning Outcomes

By the end of this unit, students will be able to:

1 Discuss how the structural features of proteins and phospholipids are
determined by their chemical structures

2 Explore techniques to separate and identify amino acids and proteins
Analyse the features of the main metabolic pathways

4  Explore the roles and characteristics of enzymes in controlling metabolic
pathways.
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Essential Content

LO1

LO2

362

Discuss how the structural features of proteins and phospholipids are
determined by their chemical structures

How the amino acid sequence of a protein determines its secondary, tertiary and
quaternary structure:

Four levels of protein structure

The role of proline in determining secondary structure
Chemical attractions between side chains in tertiary structures
Location of amino acids in globular proteins

Structure of collagen.

Nucleic acids:

structure of a strand of deoxyribonucleic acid (DNA), double helix and the role of
hydrogen bonding, types of ribonucleic acid (RNA), protein biosynthesis

Structural Features of phospholipids that enable them to form membranes:
Molecular structure of a phospholipid

Amphipathic property of a phospholipid

Effect of fatty acid length and saturation on membrane fluidity

Movement of proteins.

Explore techniques to separate and identify amino acids and proteins

Plan methods to separate and identify amino acids and proteins:
Paper chromatography

Size-exclusion chromatography

Hydrophobic interactions

Affinity chromatography

Gel filtration chromatography

Polyacrylamide electrophoresis.
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Undertake an amino acid separation and identification and a protein separation and
identification:

Use two methods from:

Paper chromatography and Rfvalues
Size-exclusion chromatography
Hydrophobic interactions

Affinity chromatography

Gel filtration chromatography

Polyacrylamide electrophoresis.

LO3 Analyse the features of the main metabolic pathways

The main metabolic pathways:
Glycolysis

The citric acid cycle (CAC)
Oxidative phosphorylation
Pentose phosphate pathway
Urea cycle

Fatty acid 3-oxidation

Gluconeogenesis.

How the main metabolic pathways interact with each other:
Acetyl coenzyme a, the citric acid cycle and fatty acid R-oxidation

Glucose 6-phosphate (gbp), glycolysis, glycogen synthesis and the pentose
phosphate pathway

Fumarate, the citric acid cycle and the urea cycle.
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LO4

364

Explore the roles and characteristics of enzymes in controlling metabolic
pathways

The role of Enzymes in controlling metabolic pathways:
Roles of amino acids in active sites
Enzyme specificity

The six main classes of enzymes: oxireductases, transferases, hydrolases, lyases,
isomerases, ligases

Enzyme compartmentalisation

Factors that can affect an enzyme's activity (temperature, pH)
Activators and inhibitors

Competitive and noncompetitive inhibition

Cofactors and coenzymes

How availability of cofactors and coenzymes regulate enzyme function
The role of phosphorylation in controlling enzyme activity

Feedback inhibition.

Investigate experimentally the optimum conditions for the activity of an enzyme:
Optimum temperature

Optimum pH

The effect of substrate concentration

The effect of enzyme concentration

Plots of products versus time

Plots of reaction rates versus time

Analysing the reaction rate graphs to determine Maximal Velocities (Vmax) and
the Michaelis-Mensten constants (Kw).
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Learning Outcomes and Assessment Criteria

Pass

| Merit

LO1 Discuss how the structural features of proteins and
phospholipids are determined by their chemical structures

| Distinction

P1 Discuss how the amino
acid sequence of a protein
determines its secondary,
tertiary and quaternary
structures

P2 Explain the structural
features of phospholipids
that enable them to form
membranes

P3 Discuss the roles of the
nucleic acids in protein
biosynthesis with reference
to the structural differences
between DNA and different
types of RNA

M1 Analyse the levels of
protein structure and the
possible protein roles that
will be produced from
particular amino acid
sequences

LO1 and LO2

D1 Critically analyse how a
nucleic acid sequence will
determine the structure and
role of a protein

and proteins

LO2 Explore techniques to separate and identify amino acids

P4 Plan methods to separate
and identify amino acids and
proteins

P5 Undertake an amino acid
separation and identification,
and a protein separation and
identification

M2 Analyse the results
obtained from the
separations to correctly
identify the amino acids and
proteins used
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LO3 Analyse the features of the main metabolic pathways

P6 Discuss the main
metabolic pathways

P7 Discuss how the main
metabolic pathways interact
with each other

M3 Analyse the reactions of
the molecules that interact
between the main metabolic
pathways and the classes of
enzymes that control them

LO4 Explore the roles and characteristics of enzymes in

controlling metabolic pathways

P8 Discuss the role of
enzymes in controlling
metabolic pathways

P9 Investigate experimentally
the optimum conditions for
the activity of an enzyme

M4 Analyse the implications
of the experimental data
obtained on the
characteristics of an enzyme
in relation to its role in
catalysing reactions

Distinction

LO3 and LO4

D2 Critically analyse how
enzyme inhibition and
activation regulates the
metabolic flow in the main
metabolic pathways

3600
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Recommended resources

Textbooks

DEVLIN, T.M. (2019) Textbook of Biochemistry with Clinical Correlations. 8th ed. Hoboken,

NJ: John Wiley & Sons, Inc.

MATHEWS, C.K., VAN HOLDE, K.E., APPLING, D.R., ANTHONY-CAHILL, SJ. (2012)

Biochemistry. 4th ed. New York: Pearson Education Ltd.
NELSON, D.L., COX, M.M. (2017) Lehninger Principles of Biochemistry. 7th ed. New York:

W.H. Freeman.

STRYER, L., BERG, J.M., TYMOCZKO, J.L. (2002) Biochemistry. 5th ed. New York: W.H.

Freeman.

VOET, ).G., PRATT, C.W., VOET, D. (2012) Principles of Biochemistry. 4th ed. Hoboken, NJ:

John Wiley & Sons, Inc.

Web

biochemden.com

biochemweb.net

khanacademy.org

metacyc.org

Links

Biochemistry Den
(General reference)

BioChemWeb.net
(General reference)

Khan Academy
Amino acids, proteins and enzymes
(General reference)

MetaCyc
Metabolic pathways and regulation
(General reference)

This unit links to the following related units:

Unit 27: Analysis of Scientific Data and Information

Unit 30: Molecular Biology and Genetics

Unit 32: Biotechnology Techniques

Unit 36: Aromatic and Carbonyl Compounds

Unit 49: Principles of Pharmacology

Unit 59: Genetic Analysis
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Unit 30: Molecular Biology and Genetics

Unit code M/617/5387

Unit level 5

Credit value |15

Introduction

Molecular biology provides the practical technology to investigate genetic effects at a
cellular and molecular level. Working at the level of molecules, the genetic code can
be analysed and manipulated to generate information about the way in that the body
works and the changes which occur in disease states. This area of science continues
to inform about the risks of developing disease over a lifetime and to provide a
scaffold for new therapies to be discovered.

The aim of this unit is to provide students with knowledge and understanding of the
organizational structure of DNA, the principles of human inheritance and the role of
molecular biology in the study and treatment of inherited disorders.

Working with nucleic acids requires a specific range of tools such as restriction
enzymes as well as knowledge of the molecular structures that operate regulate
genes and their expression within the cell.

Students will explore the different methods of manipulating nucleic acid (including
analysis and modification), their application and the information and use of these
technologies.

Students will explore the inheritance patterns of common genetic disorders and
develop understanding of the changes in DNA that are associated with them including
grounding in modern genetic techniques.

The knowledge, understanding and skill sets gained in this unit will help students to
develop up-to-date knowledge that is both detailed and applied to human medicine.
This will provide insight into careers in medical science, the pharmaceutical industry,
healthcare and other subjects allied to medicine. Elements of the unit will allow
students to engage with current research in the topic area.
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Learning Outcomes

By the end of this unit, students will be able to:

1 Discuss the organisational structure and function of mammalian DNA and RNA

2 Apply technologies to manipulate nucleic acids
3 lllustrate inheritance patterns of diseases, using defined conventions
4

Discuss the way in which changes in DNA can be linked to inherited physical
effects in humans.
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Essential Content

LO1 Discuss the organisational structure and function of mammalian DNA and
RNA

The central dogma of molecular biology:
DNA makes RNA makes protein

The triplet code

Process of transcription at the nucleolus
Role and form of mRNA

Process of translation at the ribosome
The triplet code

Role and forms of tRNA

Fidelity of information.

The structure of genes:
Coding and non-coding regions
Motifs and regulatory sequences

Enhancer and silencer sequences.

Regulation of gene expression:
Patterns of gene expression lead to cellular specialisation
Transcription factors — proteins regulate DNA

Housekeeping genes, silent genes and active genes.
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LO2 Apply technologies to manipulate nucleic acids

Isolation of DNA:

Preparing DNA from cells

Purification of DNA

Assay of quantity and quality of DNA, using spectrophotometry.

Manipulating DNA:
Restriction digests
Gel electrophoresis

Process of cloning DNA.

Detecting DNA:
Southern blotting
Footprinting

Expression, using vectors and gene transfer.

LO3 lllustrate inheritance patterns of diseases, using defined conventions

Interpretation and representation of information about inheritance:
Genetic diagrams

Punnett squares

Pedigrees (software could be used to produce these)

Use of technical terms.

Patterns of inheritance:
Autosomal recessive disorders
Autosomal dominant disorders
Co-dominant disorders
Sex-linked disorders

Epistasis.
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LO4 Discuss the way in which changes in DNA can be linked to inherited
physical effects in humans.

Minor alterations in DNA can cause serious effects:

Point mutations change the amino acid sequence of proteins (sickle cell anaemia,
Huntington’s disease)

Mechanism of alterations in amino acid sequence cause profound effects
A range of mutations can lead to the same disease (cystic fibrosis)

Inheritance and the risk of cancer (BRCA genes, oncogenes from viruses,
telomerase).

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
372 Specification - Issue 6 - October 2022 © Pearson Education Limited 2022



Learning Outcomes and Assessment Criteria

Pass

mammalian DNA and RNA

| Merit

LO1 Discuss the organisational structure and function of

| Distinction

P1 lllustrate the ways in
which the organisational
structure of DNA and RNA
relates to the efficient
functioning of the cell

P2 Discuss the role that DNA
plays in cells becoming
specialised for their function
in the body

M1 Analyse the molecular
processes that allow cells to
efficiently function in
response to changes in their
environment

D1 Critically evaluate the
importance of nucleic acids
being copied from an
existing template to cellular
function

LO2 Apply technologies to manipulate nucleic acids

P3 Apply methods to isolate,
quantify and measure the
purity of DNA

P4 Report on procedures
used to modify DNA

M2 Compare methods used
to analyse DNA sequences in
vitro

D2 Critically evaluate
methodologies used to clone
and express DNA in different
organisms

defined conventions

LO3 lllustrate the inheritance patterns for diseases, using

P5 lllustrate the inheritance
patterns for dominant and
recessive diseases, using
genetic diagrams

P6 Predict outcomes of
genetic crosses, using the
Punnett square

M3 Review complex
information (including
pedigrees) to account for
inheritance patterns of sex-
linked disorders

D3 Evaluate the ways in
which epistasis can manifest
in phenotype
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Distinction

LO4 Discuss how changes in DNA can be linked to inherited

physical effects in humans.

P7 lllustrate the effect on
protein structure as a result
of a change in a single base
pair in DNA

P8 Show how the pathologies
of serious diseases result
from a change in a single
base pair of DNA

M4 Evaluate, using a named
example, the way in which
there can be a range of
changes to a single gene that
result in a similar disease
pathology

D4 Critically evaluate genetic
risk factors in the lifetime
development of serious
diseases, such as cancers
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Recommended resources

Textbooks

ALLISON, L.A. (2011) Fundamental Molecular Biology. 2nd ed. Oxford: Wiley-Blackwell.
BROWN, T.A. (2015) Introduction to Genetics: A Molecular Approach. Boca Raton, FL: CRC

Press/Garland Science.

LEWIS, R. (2017) Human Genetics: The Basics. 12th ed. Abingdon: Routledge.

Web

en.wikibooks.org Wikibooks - open access
An Introduction to Molecular Biology
(General reference)

genetics.org.uk The British Genetics Society
(General reference)

cambridge.org Cambridge Journals - Cambridge Core
Genetics
(Research)

Links

This unit links to the following related units:

Unit 1: Fundamentals of Laboratory Techniques

Unit 4: Cell Biology

Unit 6: Anatomy and Human Physiology

Unit 17: Fundamentals of Biochemistry

Unit 32: Biotechnology Techniques

Unit 43: Investigating the Properties of Food Molecules
Unit 59: Genetic Analysis

Unit 51: Specialist Scientific Techniques and Experimentation
Unit 56: Stem Cell Biology

Unit 59: Genetic Analysis
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Unit 31: Immunology

Unit code T/617/5388

Unit level 5

Credit value |15

Introduction

Immunology is the study of the immune system which protects the body from
infection. The study of immunology has led to many breakthroughs in the
understanding and treatment of human disease, such as the development of vaccines
against many diseases, treatment of autoimmune disorders and new therapies for
cancer.

Research in the discipline of immunology has produced many Nobel prize winners
and contributed heavily to the field of medicine, including the discoveries of blood
groups, antibodies and the causes of diseases, such as AIDS.

The central ideas key to immunology are that the body has both inborn and learned
processes (the adaptive response) to protect itself. Critical to understanding is the
idea that the human body can minutely detect foreign substances and differentiate
them from ‘self’, a process that is damaged in autoimmune disorders where self-
reactivity occurs.

This unit will allow students to develop a detailed knowledge of how the immune
system works to defend the body against other microorganisms, in particular viruses
and pathogens. The unit will offer a clear perspective on the components of the
normal human immune system in both its innate and adaptive forms.

In this unit, students will gain knowledge of the way in which the range of the immune
response is derived developmentally, and how the self-reactivity of autoimmune
disorders can occur.

The knowledge, understanding and skill sets gained in this unit will help students
relate to fields within the medical professions and develop their interests in choosing
a career in this area.
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Learning Outcomes

By the end of this unit students will be able to:
1 Explore the nature of common pathogens.
2 Analyse the activity of the innate immune response.

3 Review the ways in which the adaptive immune response detects and responds to
specific challenges.

4  Discuss the processes that lead to lymphocyte ontogeny in humans and the way
in which autoimmunity can develop.
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Essential Content

LO1 Explore the nature of common pathogens

Development of germ theory:
Contributions of variolation, Jenner, Snow, Pasteur and Koch
Transmission of disease (routes of infection, with examples)

Categories of disease.

Nature of infection:
Bacterial cells as pathogens
Viruses

Other pathogens, such as single cells organisms (protoctists), parasites and
prions.

LO2 Analyse the activity of the innate immune response

Innate immunity:
Non-specific but present from birth
Processes are ancient in evolution and shared across many species

Mechanisms of automatic response on contact with ‘non-self’ material.

First line of defence against the entry and spread of infection:
Barriers such as skin and secretions, mucus membranes
Blood coagulation

Role of neutrophils as sacrificial cells.

Second line of defence:

Inflammation - rugor, calor, turgor, dolor, how these are mediated and their
function in protecting the body

Fever - mechanism of change in body temperature, function of fever,
consequences of fever to health

NK (natural killer) cells may be covered
Complement activation

Role of chemokines such, as interleukins and interferons.
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LO3 Review the ways in which the adaptive immune response detects and
responds to specific challenges

Adaptive immunity:

Not present at birth but requires exposure to pathogens

Highly specific, develops beyond 6 month'’s of age

Precise recognition of non-self and changed self (cancers and cells infected with
virus).

Reaction of antigen with antibody:

Structure of antibodies

Binding of antibody to specific antigen.

Role of T and B cells - the anamnestic response:

T cells have several subtypes, each with defined functions

B cells mediate humoral immunity

Clonal selection and clonal expansion to produce appropriate antibodies

Contribution of cell surface glycoproteins to recognition (MHC and antigen
presentation)

Contribution of regulatory soluble factors (cytokines) to immune response.

Donated versus learned immunity:
Vaccination produces an anamnestic response

Breastfeeding and targeted monoclonal antibodies are donated immunity and
do not generate an anamnestic response.
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LO4 Discuss the processes that lead to lymphocyte ontogeny in humans and the
way in which autoimmunity can develop.

Lymphocyte ontogeny:
Development and maturation of lymphocytes

Gene shuffling to produce an infinite range of B and T cell receptors.

Mechanisms of preventing self reactivity:
B and T cells work together

Role of antigen presentation and immune display (MHC Class | & II).

Immune basis of autoimmune disorders:
Hashimoto's thyroiditis
Coeliac disease

Rheumatoid arthritis.
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Learning Outcomes and Assessment Criteria

Pass

| Merit

LO1 Explore the nature of common pathogens

| Distinction

P1 Differentiate the structure
of bacterial cells from those
of eukaryotes

P2 Compare the nature of
viruses with that of other
pathogens, such as bacteria

M1 Illustrate the challenges
to the immune system posed
by viral pathogens

D1 Review the risks to health
posed by infection with
named pathogenic
organisms

LO2 Analyse the activity of the

innate immune response

P3 Review the role of the
barriers, clotting and
neutrophils in the body

P4 Discuss the role of
Inflammation and fever in
the body's defences

M2 Analyse the contribution
of the range of barriers, to
include the complement,
clotting and kinin cascades

D2 Assess the contribution of
the innate immune system in
neonates
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Distinction

LO3 Review the ways in which the adaptive immune
response detects and responds to specific challenges

P5 Explore the role of T cells | M3 Analyse the ways in D3 Discuss the way in which
in adaptive immunity which T and B cells work different classes of major
together to mediate the histocompatibility antigens

P6 Assess the contribution of
B cells to the adaptive
immune response

adaptive immune response regulate the activity of the
adaptive immune system

LO4 Discuss the processes that lead to lymphocyte ontogeny
in humans and the way in which autoimmunity can develop

D4 Critically review theories

P7 Interpret theories that M4 Compare the theories . .
. of the mechanism by which
account for the development | relating to the successful A
. .| self-reactivity is limited in the
of lymphocyte ontogeny maturation of lymphocytes in .
humans mature immune system

P8 Explore mechanisms by
which a named autoimmune
disorder can develop
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Recommended resources

Textbooks

DELVES, PJ., MARTIN, S.J., BURTON, D.R., ROITT, I.M. (2017) Roitt's Essential
Immunology. 13th ed. Oxford: Wiley-Blackwell.

PLAYFAIR, J.H.L., CHAIN, B.M. (2012) Immunology at a Glance. 10th ed. Oxford: Wiley-
Blackwell.

Web

cell.com Cell Press
Trends in immunology
(Articles)

immunology.org British Society for Immunology
(General reference)

roitt.com Roitt's Essential Immunology
Resources
(General reference)

Links

This unit links to the following related units:

Unit 4: Cell Biology

Unit 6: Anatomy and Human Physiology

Unit 17: Fundamentals of Biochemistry

Unit 18: Microbiological Techniques

Unit 29: Biochemistry of Macromolecules and Metabolic Pathways
Unit 30: Molecular Biology and Genetics

Unit 57: Infectious Diseases and Diagnosis

Unit 58: Epidemiology of Communicable Diseases

Unit 59: Genetic Analysis
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Unit 32: Biotechnology Techniques

Unit code A/617/5389

Unit level 5

Credit value |15

Introduction

Biotechnology is any technological application that uses biological systems, living
systems, living organisms or derivatives thereof, to make or modify products or
processes for specific use. Biotechnology is used in many industries, including
biological research, health care, agriculture and manufacturing. It is a combination of
knowledge and techniques from many of the biological sciences. These include
molecular biology and genetics, biochemistry, cell biology and microbiology.
Chemistry also forms an important component of biotechnology, since many of the
techniques in biochemistry rely on chemical interactions.

This unit will introduce the student to the main techniques used in Biotechnology. The
students will learn how to grow and maintain cells in culture, gain experience of how
to amplify DNA, using the polymerase chain reaction. They will also learn the steps
involved in genetic engineering and will be given the opportunity to carry out a genetic
transformation. The unit will also introduce the students to the chromatography
techniques used to separate and purify proteins. The students will learn the
importance of good laboratory practice (GLP) in following procedures.
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Learning Outcomes

By the end of this unit students will be able to:

1

2
3
4

Explore methods of growing eukaryotic cells in culture
Carry out a polymerase chain reaction

Undertake a genetic transformation

Investigate the methods used to separate and purify proteins.
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Essential Content

LO1 Explore methods of growing eukaryotic cells in culture

Discuss the methods used to grow cell eukaryotic cells in culture:
Cell lines

Cell types and culture characteristics (primary cultures, continuous cultures,
monolayers, suspension cultures)

Different types of media and their uses

The cell environment (basic constituents of media, inorganic salts, buffering
systems, carbohydrates, amino acids vitamins, serum, carbon dioxide, humidity,
temperature)

Aseptic techniques and contamination control
Confluency and subculture
Cryopreservation

Mycoplasma.

Apply appropriate techniques to maintain, grow and subculture eukaryotic cells in
culture:

Application of quality control procedures
Application of correct aseptic techniques
Preparation of cell culture media

Subculture of cells.
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LO2 Carry out a polymerase chain reaction

Discuss the techniques involved in PCR and its application in the biotechnology
industry:

The three stages of PCR: denaturation, annealing, extension

Components of a PCR reaction: template DNA, nucleotides (ANTPS), PCR buffer,
magnesium chloride (MgCl,), water, forward and reverse primers, DNA
polymerase

PCR optimisation
Primer design
Cycling parameters

Types of PCR: conventional PCR, real time or quantitative PCR, reverse
transcriptase PCR, multiplex PCR, degenerate PCR, nested PCR, fast PCR

Applications in industry: genetic modification of plants, DNA sequences, PCR in
medicine, PCR in pharming, PCR in forensics

Undertake a polymerase chain reaction:

Set up PCR reactions

Use a thermal cycler

Perform an agarose gel electrophoresis, using the PCR products

Analyse results on the agarose gel.
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LO3 Undertake a genetic transformation

Discuss the methods used to introduce foreign DNA into a cell:
Structure and function of the plasmid

Shuttle plasmids

Calcium chloride transformation

Heat shock

Electroporation

Transfection

Biolistics

Selected of transformed cells

Transformation efficiency.

Carry out a bacterial genetic transformation:
Streak bacteria to isolate single colonies
Transform bacteria by calcium chloride transformation

Inoculate plates with transformed bacteria.
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LO4 Investigate the methods used to separate and purify proteins

Review the methods used to separate and purify proteins:

SDS-PAGE

Other PAGE techniques: native PAGE, isoelectric focusing, two-Dimensional PAGE
Principles of chromatography

Size exclusion chromatography

Hydrophobic interaction chromatography

lon exchange chromatography

Affinity chromatography.

Apply techniques to separate and purify proteins:
SDS-PAGE
Size exclusion chromatography

One technique from hydrophobic interaction chromatography, ion exchange
chromatography and affinity chromatography.
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Learning Outcomes and Assessment Criteria

Pass

| Merit

LO1 Explore methods of growing eukaryotic cells in culture

| Distinction

P1 Review the methods used
to grow eukaryotic cells in
culture

P2 Apply appropriate
techniques to maintain, grow
and subculture eukaryotic
cells in culture

M1 Calculate the mean
generation time of a
population of eukaryotic
cells grown in culture

LO1 and LO2

D1 Critically evaluate how
the cell culture and
polymerase chain reaction
techniques carried out
compare to industry
standards.

LO2 Carry out a polymerase chain reaction

P3 Review the techniques
involved in PCR and its
application in the
biotechnology industry

P4 Undertake a polymerase
chain reaction

M2 Analyse the products
produced from a polymerase
chain reaction
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LO3 Undertake a genetic transformation

P5 Review the methods used
to introduce foreign DNA
into a cell

P6 Carry out and reporton a
bacterial genetic
transformation

M3 Evaluate statistically the
transformation efficiency of
a bacterial genetic
transformation procedure

LO4 Investigate the methods used to separate and purify

proteins

P7 Review the methods used
to separate and purify
proteins

P8 Apply techniques to
separate and purify proteins

M4 Evaluate experimentally
if the protein produced as a
result of a bacterial genetic
transformation can be
separated from a mixture of
proteins using hydrophobic
interaction chromatography

Distinction

LO3 and LO4

D2 Critically evaluate the
success of the purification of
a protein produced from a
bacterial genetic
transformation using SDS-
PAGE
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Recommended resources

Textbooks

ALBERTS, B., JOHNSON, A., LEWIS, J., MORGAN, D., RAFF, M., ROBERTS, K., WALTER, P.
(2015) Molecular Biology of the Cell. 6th ed. Abingdon: Garland Science (Taylor & Francis
Group).

FRESHNEY, R.1. (2010) Culture of Animal Cells: A Manual of Basic Techniques and
Specialised Applications. 6th ed. Hoboken, NJ: John Wiley & Sons, Inc.

GODBEY, W.T. (2018) An Introduction to Biotechnology: The Science, Technology and
Medical Applications. London: Academic Press.

KIRK BROWN, J. (2011) Biotechnology: A Laboratory Skills Course. Hercules, CA: Bio-Rad
Laboratories.

SEIDMAN, L.A., KRAUS, E.M., BRANDNER, D., MOWERY, J. (2010) Laboratory Manual for
Biotechnology and Laboratory Science: The Basics. Harlow: Pearson Education Ltd.

SEIDMAN, L.A., MOORE C.J. (2008) Basic Laboratory Methods for Biotechnology. 2nd ed.
Harlow: Pearson Education Ltd.

Web

austincc.edu Austin Community College
Biotechnology laboratory techniques
(General reference)

biozone.co.nz BIOZONE
Biotechnology techniques
(General reference)

ncbi.nlm.nih.gov National Center for Biotechnology Information
(General reference)

slideshare.net SlideShare
Biotechnology - basic techniques
(General reference)

thermofisher.com ThermoFisher Scientific
Cell culture basics - documents and support
(General reference)
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Links

This unit links to the following related units:

Unit 27: Analysis of Scientific Data and Information

Unit 29: Biochemistry of Macromolecules and Metabolic Pathways
Unit 30: Molecular Biology and Genetics

Unit 33: Analytical Techniques for Forensic Science

Unit 49: Principles of Pharmacology

Unit 51: Specialist Scientific Techniques and Experimentation
Unit 52: Drug Development for Production

Unit 53: Industrial Microbiology

Unit 56: Stem Cell Biology

Unit 57: Infectious Diseases and Diagnosis

Unit 58: Epidemiology of Communicable Diseases

Unit 59: Genetic Analysis
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Unit 33: Analytical Techniques for Forensic

Science
Unit code A/617/5392
Unit level 5
Credit value |15

Introduction

Crime scenes are likely to contain a variety of types of evidence that must be analysed
for example footprints, tool marks, blood spatters, paint, glass, hair, fingerprints body
fluids, DNA, insects and eggs, gunshot residue, accelerants and drugs of abuse. This
unit provides an overview of many of the analytical techniques likely to be used.

Students should have the opportunity to investigate and discuss the use of as many
techniques as possible. It is expected that part of the investigative process will involve
practical work. Students should supplement their practical investigative work by
searching the literature to find examples of how analysis is carried out in practice.

When analysing evidence, forensic scientists need to ensure that the evidence is not
contaminated and that all appropriate procedures are followed. Students will need to
become aware of the factors that affect the validity or evidence and of the types of
evidence that are more reliable and definitive.
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Learning Outcomes

By the end of this unit students will be able to:

1 Investigate the methods used to analyse fingerprints and pattern evidence
2 Discuss the biological techniques used in forensic science

3 Discuss the chemical techniques used in forensic science
4

Explore the analytical uses of presumptive and spot tests.
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Essential Content

LO1

396

Investigate the methods used to analyse fingerprints and pattern evidence

Nature of the fingerprint:

Type of surface

Patent, plastic or latent prints
Method of visualising a fingerprint
Whole or part fingerprints
Possible distortion

Ageing (triangle of interaction)
Fingerprint lifts

Photographs of fingerprints.

Initial assessment:

Suitability of print for valid comparison.

Comparison:

Comparison with fingerprints from a suspect
Comparison with prints in a database

Visual comparison

Unusual features, e.g. scarring

Basic shape: loop, whorl, arch

Computer programmes for matching

Repeatability and reproducibility of comparison.

Pattern evidence:
Footprint analysis
Analysis of blood spatter patterns

Analysis of tool marks.
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LO2 Discuss the biological techniques used in forensic science

Entomology:
Life cycle of blow fly

Estimation of time of death using stages in the insect life cycle.

Forensic anthropology:
Information from individual bones, e.g. height

Information from skeleton.

Body fluids:
Urine, saliva, semen, blood

Techniques for examining textiles and surfaces.

DNA:

Sources

Extraction

Amplification

Use of polymerase chain reaction (PCR)
Mitochondrial DNA

Nuclear DNA

DNA analysis from trace evidence
Interrogation of DNA databases
Sources of contamination of samples
Prevention of contamination of samples

Degree of conclusiveness of DNA evidence.
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LO3 Discuss the chemical techniques used in forensic science

Analysis of paints and polymers:
Differential scanning calorimetry (DSC)

Infrared spectroscopy.

Toxicology and analysis of drugs of abuse:

Spot testing

Gas Chromatography (GC) and GC-mass spectroscopy
High performance liquid chromatography (HPLC)
Infrared spectroscopy

Bulk samples

Trace samples.

Gunshot residue:

Energy dispersive X-Ray (EDX/EDS) spectroscopy
Scanning electron microscope (SEM)

SEM-EDX

Characteristic combination of elements.

Explosives and accelerants:
Infrared spectroscopy

GC and GC-mass spectroscopy
HPLC.

Analysis of trace and bulk samples
LO4 Explore the analytical uses of presumptive and spot tests.

Presumptive/spot tests:
Body fluids: blood, semen, saliva, urine

Chemical substances: drugs, poisons, gunshot residue, explosives.
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Learning Outcomes and Assessment Criteria

Pass

| Merit

LO1 Investigate the techniques used in the analysis of
fingerprints and pattern evidence

| Distinction

P1 Discuss how fingerprints
from a crime scene may be
matched with those of a
known suspect and with
those in a database

P2 Investigate and report on
analysis of pattern evidence
from staged crime scenes

M1 Review the most recent
developments in fingerprints
and pattern evidence
analysis

D1 Evaluate the reliability of
fingerprint and pattern
evidence

science

LO2 Discuss the biological techniques used in forensic

D2 Evaluate the value of

P3 Illustrate how forensic
entomology is used

P4 Compare the uses of
nuclear and mitochondrial
DNA in analysing evidence
from a crime scene

M2 Assess the advances that
have been made in forensic
DNA analysis

forensic entomology and
analysis of DNA

science

LO3 Discuss the chemical techniques used in forensic

P5 Discuss how gunshot
residue is analysed

P6 Investigate how samples
of one of the following types
of evidence from a crime
scene is analysed: paint,
drugs of abuse, polymers,
explosives, accelerants

M3 Evaluate the
appropriateness of the
chemical analysis techniques
and methods used in
forensic science

D3 Discuss the potential
consequences from
contaminated samples if the
necessary steps are not
taken to minimise
contamination
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Distinction

tests

LO4 Explore the analytical uses of presumptive and spot

P7 lllustrate the use of
presumptive tests in the
analysis of body fluids and
the use of different spot
tests for the identification of
different chemical
substances

P8 Undertake three
presumptive tests and three
spot tests

M4 Analyse the underlying
principles behind the results
of the selected presumptive
tests and spot tests

D4 Evaluate the scope for
obtaining false positive
results when using
presumptive tests and spot
tests
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Recommended resources

Textbooks

BELL, S. (2013) Forensic Chemistry: Pearson New International Edition. 2nd ed. Harlow:
Pearson Education Ltd.

BELL, S. (2019) Forensic Science: An Introduction to Scientific and Investigative Techniques.
5th ed. Boca Raton, FL: CRC Press.

BEVEL, T., GARDNER, R.M. (2001) Bloodstain Pattern Analysis: With an Introduction to
Crime Scene Reconstruction. 2nd ed. Boca Raton, FL: CRC Press.

BLEAY, S.M., CROXTON, R.S., de PUIT, M. (2018) Fingerprint Development Techniques:
Theory and Application. Hoboken, NJ: Wiley-Blackwell.

BUCKLETON, J.S., BRIGHT, J., TAYLOR, D. (Eds). (2016) Forensic DNA Evidence
Interpretation. 2nd ed. Boca Raton, FL: CRC Press.

CHALMERS, J.M., EDWARDS, H.G.M. (2012) Infrared and Raman Spectroscopy in Forensic
Science. Hoboken, NJ: Wiley-Blackwell.

DALUZ, H.M. (2018) Fingerprint Analysis Laboratory Workbook. 2nd ed. Boca Raton, FL:
CRC Press.

ERICKSON, E. (2013) Criminalistics Laboratory Manual: The Basics of Forensic
Investigation. Abingdon: Routledge.

FISHER, B.AJ., Tilstone, W.J., Woytowicz, C. (2009) Introduction to Criminalistics: The
Foundation of Forensic Science. Burlington: Academic Press.

GENNARD, D. (2012) Forensic Entomology: An Introduction. 2nd ed. Chichester: Wiley-
Blackwell.

GIRARD, J.E. (2018) Criminalistics: Forensic Science, Crime and Terrorism. 4th ed.
Burlington: Jones and Bartlett Learning.

HOUCK, M.M. (Ed). (2015) Forensic Chemistry (Advanced Forensic Science Series). Oxford:
Academic Press.

JACKSON, A.R.W., JACKSON, J.M., MOUNTAIN, H., BREARLEY, D. (2016) Forensic Science.
4th ed. Harlow: Pearson Education Ltd.

JUNGREIS, E. (1997) Spot Test Analysis: Clinical, Environmental, Forensic and Geochemical
Applications. 2nd ed. New York: Wiley-Blackwell.

KINTZ, P., SALOMONE, A., VINCENTI, M. (Eds). (2015) Hair Analysis in Clinical and
Forensic Toxicology. London: Academic Press.

KUMAR, A. (2018) Contactless 3D Fingerprint Identification (Advances in Computer Vision
and Pattern Recognition). Cham: Springer.
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MCcCLINTOCK, J.T. (2014) Forensic Analysis of Biological Evidence: A Laboratory Guide for
Serological and DNA Typing. Boca Raton, FL: CRC Press.

MELOAN, C., JAMES, R., SAFERSTEIN, R. (2014) Lab Manual for Criminalistics: An
Introduction to Forensic Science. 11th ed. Harlow: Pearson Education Ltd.

RAMOTOWSKI, R. (Ed). (2013) Lee and Gaensslen’s Advances in Fingerprint Technology.
3rd ed. Boca Raton, FL: CRC Press.

RIVERS, D.B., DAHLEM, G.A. (2014) The Science of Forensic Entomology. Chichester: John
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Web

forensicmag.com Forensic Magazine
(Research)

Links

This unit links to the following related units:

Unit 1: Fundamentals of Laboratory Techniques

Unit 21: Criminal Investigation

Unit 24: Sampling and Sample Preparation

Unit 30: Molecular Biology and Genetics

Unit 32: Biotechnology Techniques

Unit 34: Forensic Evidence Collection and Preservation
Unit 35: Analytical Chemistry

Unit 50: Toxicology

Unit 51: Specialist Scientific Techniques and Experimentation

Unit 59: Genetic Analysis
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Unit 34: Forensic Evidence Collection and
Preservation

Unit code F/617/5393

Unit level 5

Credit value |15

Introduction

Crime scene protocols for protecting, recording and processing evidence at a scene
are essential to ensure confidence in the findings that are presented in a court of law.
Forensic evidence can take many forms, e.g. fingerprints, blood, drugs of abuse and
drug paraphernalia, documents and mobile phones; an objective approach to the
identification of potential evidence is crucial to make sure no item of evidentiary value
is overlooked

As technology advances and analysis methods become more sensitive, crime scene
protocols and procedures for collecting and preserving evidence must keep pace to
ensure the integrity of the evidence is maintained until legal processes are complete.

This unit offers opportunities for practical investigation of crime scene examination,
the equipment used for collection and packaging of potential evidence, and
preservation techniques that will maintain the integrity of the evidence throughout
the course of the investigation.

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
404 Specification - Issue 6 - October 2022 © Pearson Education Limited 2022



Learning Outcomes

By the end of this unit, students will be able to:

1 Explore the measures employed to ensure the integrity and preservation of
evidence collected from a crime scene

2 Investigate methods of collection of biological evidence
Investigate methods of collection of chemical evidence

4 Investigate methods of collection of physical evidence.
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Essential Content

LO1 Explore the measures employed to ensure the integrity and preservation of
evidence collected from a crime scene

Crime scene protocols:

Cordons and cordon logs

Health and safety

Measurements and sketches

Crime scene notes.
Photography/videography

Search patterns

Preliminary/secondary walkthrough
Sequential nature of evidence collection
Continuity of evidence

Crime scene report.

Packaging and labelling:

Bags: paper, plastic, tamperproof, content specific, e.g. drugs
Boxes

Containers: glass, plastic, metal

Weapon tubes

Paper wraps.

Preservation of biological, chemical and physical evidence:
At the crime scene
During forensic examination

Post forensic examination.
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LO2

LO3

Cold cases:

Types of crime

Statutes of limitation and repose
Preservation of evidence
Witnesses' availability

Improvements in forensic science and technology.

Legislation:
Biological samples and stored DNA profiles

Return or destruction of items recovered as evidence.

Investigate methods of collection of biological evidence

Biological Evidence:
Entomology: live insects, eggs, larvae, soil

Anthropology, taphonomy and palynology; to include environmental conditions,
skeletal remains, sampling all layers of site, pollens, diatoms

Bodily fluids: saliva, semen, blood, urine, vomit

Hair.

Scientific and technological developments in the collection and preservation of
biological evidence

Investigate methods of collection of chemical evidence

Chemical Evidence:

Drugs of abuse and drug paraphernalia
Accelerants and explosives

Paint: wet, dry, chips, paint transfer, liquid
Foodstuff

Poisons.

Scientific and technological developments in the collection and preservation of
chemical evidence
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LO4

408

Investigate methods of collection of physical evidence

Physical evidence:
Impression marks: tool marks, footprints, fingerprints, tyre marks

Documents: photocopies, typewritten, laser printers, inkjet printers, handwritten,
paper types, ink

Ballistics: firearms, shotgun cartridges, bullets and bullet casings, gunshot
residue

Glass: flat, container, vehicle-related (windows, headlight/brake light, indicator
covers)

Blood splatter
Fibres

IT: mobile phones, laptops, USB storage devices.

Scientific and technological developments in the collection and preservation of
physical evidence

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
Specification - Issue 6 - October 2022 © Pearson Education Limited 2022



Learning Outcomes and Assessment Criteria

Pass

| Merit

LO1 Explore the measures employed to ensure the integrity
and preservation of evidence collected from a crime scene

| Distinction

P1 Explore how crime scene
protocols contribute to the
chain of continuity of
evidence

P2 Investigate methods of
preservation of biological,
chemical and physical
evidence

P3 Review the current
legislation that applies to the
retention of evidence

M1 Justify the role that
documentation of the crime
scene plays in the chain of
continuity of evidence

M2 Evaluate the importance
of evidence preservation in
cold case reviews

D1 Discuss how the
development of crime scene
protocols has been affected
by scientific and
technological advancements

LO2 Investigate methods of collection of biological evidence

P4 Explore methods of
collection of biological
evidence used in the
processing of a simulated
crime scene

M3 Analyse the importance
of environmental evidence in
the collection of human
remains

D2 Evaluate recent scientific
and technological
developments in the
methods of collection of
trace biological evidence

LO3 Investigate methods of collection of chemical evidence

P5 Explore methods of
collection of chemical
evidence used in the
processing of a simulated
crime scene

M4 Analyse the effect of
ageing and environmental
conditions on the integrity of
chemical evidence

D3 Evaluate recent scientific
and technological
developments in the
methods of collection of
chemical evidence such as
accelerants and explosives
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Pass | Merit | Distinction

LO4 Investigate methods of collection of physical evidence.

P6 Explore methods of M5 Analyse methods of D4 Evaluate recent
collection of physical visualisation of impression technological developments
evidence used in the marks at a crime scene in the collection of digital
processing of a simulated forensic evidence

crime scene

Pearson BTEC Levels 4 and 5 Higher Nationals in Applied Sciences
410 Specification - Issue 6 - October 2022 © Pearson Education Limited 2022



Recommended resources
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Web

gov.uk UK Government website - publications
Policy paper: Protection of Freedoms
Act 2012: how DNA and fingerprint
evidence is protected in law
(Report)

westmercia.police.uk West Mercia Police
The Scenes of Crime Handbook
(Forensic Science Service)
(Report)

Links

This unit links to the following related units:
Unit 21: Criminal Investigation

Unit 24: Sampling and Sample Preparation

Unit 33: Analytical Techniques for Forensic Science
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Unit 35: Analytical Chemistry

Unit code J/617/5394

Unit level 4

Credit value |15

Introduction

Analytical chemistry is the study of the identification, separation and quantification of
substances. Identification can be carried out using chromatography and spectroscopy;
separation utilises chromatography; quantification can be carried out using titrations,
spectroscopy and chromatography. Analytical chemistry is an essential discipline
across many scientific fields, such as pharmacy, biology, environmental science,
physics and engineering.

Before choosing an analytical method, one must understand the analytical process of
defining the problem, conducting the correct analysis and interpretation and
presentation of the analysis. The aim of this unit is to understand the analytical
process and explore the three main areas of analytical chemistry: quantitative,
qualitative and structural analysis using one or a combination of titrations,
spectroscopy and chromatography. On completion of this unit, the student will be
able to carry out and analyse the results of a number of analytical techniques and
present their findings in an appropriate format.

In this unit the emphasis should be on the practical aspect of analytical chemistry,
supported by an understanding of the principles behind the technique.
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Learning Outcomes

By the end of this unit students will be able to:

1 Explore the analytical processes of quantitative, qualitative and characterisation
analysis

2 Undertake separation techniques using chromatography

3 Report on the quantitative, qualitative and characterisation analysis of
spectrometric techniques

4 Undertake quantitative analysis using titrations.
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Essential Content

LO1 Explore the analytical process of quantitative, qualitative and
characterisation analysis

Quantitative, qualitative and characterisation analysis:

Differences between the three methods and techniques used to determine each.

Applications of analytical methods:

Examples of the application of analytical methods.

The analytical process:

Define the problem, choice of method, sampling, sampling pre-treatment,
quantitative and qualitative analysis, report of analysis, method validation.

Statistical analysis:

Measurement of central tendency, dispersion.

LO2 Undertake separation techniques, using chromatography

Principles of chromatography:

Extraction techniques, mobile phase, stationary phase, elution, rate of migration.

Paper, thin layer and column chromatography:

Principle, choice of mobile and stationary phase, detection, applications.

Gas chromatography (GC) and High Performance Liquid Chromatography (HPLC):

Sample injection, mobile and stationary phase, choice of columns, temperature
control, detection methods, instrumentation, qualitative and quantitative
analysis, internal standards and standard addition.

Gas chromatography (GC) and High Performance Liquid Chromatography:

Sample injection; mobile and stationary phases; sorption mechanisms; choice of
columns; injection and oven temperature and temperature gradients (GC);
choice of mobile phase, isocratic and gradient elution (HPLC); detection methods;
instrumentation; retention time; peak area; internal standards; standard
addition.
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LO3 Report on the quantitative, qualitative and characterisation analysis of
spectrometric techniques

Operation of a spectrometer:

Sources of radiation, prisms/gratings, wavelength selector, sample, detector,
display.

Atomic absorption spectroscopy:

Principle, applications, calibration, use of Beer-Lambert law to determine
unknown concentration.

Infrared spectrometry:

Principle, characteristic group frequencies, application in substance
identification.

Ultraviolet-visible spectrometry:

Principle, applications, calibration, determination of Amax., use of Beer-Lambert
law to determine unknown concentration.

Mass spectrometry:

Principle, fragmentation, molecular ion, M+1 peak, interpretation of mass
spectra.

Nuclear magnetic resonance:

Principle, chemical shift, spin-spin coupling, integration, interpretation of nuclear
magnetic resonance spectra.
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LO4 Undertake quantitative analysis, using titrations

Titrations
Acid-base
Redox
Complexation
Precipitation
Potentiometric

Gravimetric.

Calibration:
Pipettes

Burettes
Volumetric flasks

Balances.

Statistical analysis
Measurement of central tendency

Dispersion.
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Learning Outcomes and Assessment Criteria

Pass

| Merit

LO1 Explore the analytical process of quantitative,
qualitative and characterisation analysis

| Distinction

LO1, LO2 and LO3

P1 Compare quantitative,
qualitative and
characterisation analysis,
their interrelation and the
applications of each

P2 Review various methods
of statistical analysis in
relation to the analytical
process

M1 Develop a plan for the
analytical process for the
analysis of two different
compounds

D1 Critically analyse the
quantitative, qualitative and
characterisation analysis of
compounds of unknown
structure and concentration
carried out, using
appropriate
chromatographic and
spectroscopic techniques

chromatography

LO2 Undertake separation techniques, using

P3 Undertake and report on
an investigation into the
principles of
chromatography using paper
chromatography or thin
layer chromatography

P4 Report on the use of
qualitative and quantitative
analysis using either GC or
HPLC for a specific
analysis/analyses

M2 Discuss the
instrumentation involved in
GC and HPLC and show how
the different elements can
be altered to suit the
analytical process
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LO3 Report on the quantitative, qualitative and
characterisation analysis of spectrometric techniques

P5 Plan, carry out and report
on the quantitative
determination of an analyte
by ultra-violet visible
spectroscopy or atomic
absorption
spectrophotometry

P6 Report on using
percentage elemental
composition and infrared,
mass and nuclear magnetic
resonance spectra to deduce
the identity of an organic
compound

M3 Evaluate the
characteristics and benefits
of the spectroscopic
techniques used

Distinction

LO4 Undertake quantitative analysis, using titrations.

P7 Undertake and report on
a range of titrations.

P8 Analyse statistical
information from one
titrimetric technique

M4 Critically analyse the
grouped results of a series of
titrations, using a statistical
analysis technique

D2 Critically evaluate the

reliability of each titrimetric

technique undertaken
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Recommended resources

Textbooks

CHRISTIAN, J.D., DASGUPTA, P.K. and SCHUG, K.A. (2013) Analytical Chemistry. 7th ed.
Hoboken, NJ: John Wiley & Sons, Inc.

EVANS, E.H., FOULKES, M.E. (2019) Analytical Chemistry: A Practical Approach. Oxford:
Oxford University Press.

KEALEY, D., HAINES, P.J. (2002) Instant Notes in Analytical Chemistry. Oxford: Taylor &
Francis Group.

SKOOG, D.A., WEST, D.M., HOLLER, F.J., CROUCH, S.R. (2014) Fundamentals of Analytical
Chemistry. 9th ed. Belmont: Brooks/Cole.

Web
chem.libretexts.org Analytical chemistry
(General reference)
sdbs.db.aist.go.jp Spectral Database for Organic
Compounds
(General reference)
Links

This unit links to the following related units:

Unit 5: Fundamentals of Chemistry

Unit 7: Inorganic Chemistry

Unit 8: Organic Chemistry

Unit 9: Physical Chemistry

Unit 33: Analytical Techniques for Forensic Science

Unit 36: Aromatic and Carbonyl Chemistry

Unit 37: Solid State and Transition Metal Chemistry
Unit 38: Spectroscopy, Surface Chemistry and Equilibria

Unit 39: Environmental Monitoring and Analysis
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Unit 36: Aromatic and Carbonyl Compounds

Unit code L/617/5395

Unit level 5

Credit value |15

Introduction

Two of the main branches of organic chemistry are carbonyl compounds, which
contain an sp? hybridized carbon atom that is joined to an oxygen atom by a double
bond, and aromatic compounds, which contain a benzene ring.

The aim of this unit is to progress the skills developed, having previously studied an
introductory organic chemistry course. The focus of this unit will be on the chemistry
of aromatic and carbonyl compounds. Initially, the structure of aromatic and carbonyl
compounds will be discussed and the experimental evidence for these structures will
be examined. Some of the important reactions and mechanisms of aromatic and
carbonyl compounds will then be investigated, and various aspects of chirality on
organic compounds will be looked at. Practical activities will be undertaken to
investigate the reactions and mechanisms studied, particularly those of aromatic and
carbonyl compounds, which will help deepen the understanding of some of the
theoretical aspects of the course.
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Learning Outcomes

By the end of this unit, students will be able to:

1 Discuss the structure of aromatic and carbonyl compounds

2 Evaluate the reactions and mechanisms of aromatic and carbonyl compounds
3 Evaluate the structures and reactions of chiral compounds
4

Undertake a series of practical organic chemistry activities, using synthetic
techniques and characterisation analysis.
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Essential Content

LO1 Discuss the structure of aromatic and carbonyl compounds

The electronic structure of benzene:

Physical structure; methods of representation; bonding, sp? hybridisation, bond
lengths, resonance, stabilisation - in terms of resonance energy or delocalisation
energy; molecular orbital model.

Experimental evidence:

Hydrogenation enthalpy; bond lengths; resistance to typical electrophilic addition
reactions.

Categorise aromatic hydrocarbon systems:

Identification of aromatic and anti-aromatic hydrocarbon systems using Huckel’s
rule to the following systems (planar, fully conjugated, monocyclic systems with
4n + 2 1t electrons).

Aromatic heterocycles:

Application of Huckel's rule to simple heterocyclic systems, e.g. pyridine, pyrrole,
furan.

Experimental data:

Use of chemical and spectroscopic evidence to elucidate structures, e.g.
characteristic "H NMR signals of aromatic hydrogens, characteristic infrared
bands.

Acidity of carbonyl compounds:

Acidity of a-hydrogens and formation of enolate ions; enolisation of carbonyl
compounds including aldehydes, ketones and esters; use of equilibrium
constants as a measure of stability of carbonyl compound relative to
corresponding enol; examples of stable enols, e.g. those that form
intramolecular hydrogen bonds; acid catalysed a halogenations of aldehydes and
ketones; halogenations of aldehydes and ketones in base, e.g. haloform reaction,
iodoform test.
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