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Guide to the book





The following features can be found in this book.




Learning outcomes


Core knowledge outcomes that you must understand and learn. These are presented at the start of every chapter.







Key term


Definitions to help you understand important terms.







Reflect


Tasks and questions providing an opportunity to reflect on the knowledge learned.







Test yourself


A knowledge consolidation feature containing short questions and tasks to aid understanding and guide you to think about a topic in detail.







Research


Research-based activities – either stretch and challenge activities, enabling you to go beyond the course, or industry placement-based activities encouraging you to discover more about your placement.







Practice points


Helpful tips and guidelines to help develop professional skills during the industry placement.







Case study


Placing knowledge into a fictionalised, real-life context. Useful to introduce problem-solving and dilemmas.







Health and safety


Important points to ensure safety in the workplace.







Project practice


Short scenarios and 1–3 focused activities at the end of each chapter, reflecting one or more of the tasks that you will need to undertake during completion of the ESP. These support the development of the four core skills required.







Assessment practice


Core content containing knowledge-based practice questions at the end of each chapter.





Answers can be found online at: www.hoddereducation.co.uk/subjects/science/products/t-level/science-t-level-core












A1: Working within the health and science sector
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Introduction


The health and science sector covers a wide range of organisations and employers as well as a wide range of jobs. Despite this variety, all well-run organisations usually have a common approach based around:



	►  policies and procedures



	►  quality



	►  ethics



	►  professionalism



	►  investment in the development and progression of their employees.






We will cover these aspects in this chapter and will expand on some points in future chapters.







Learning outcomes


The core knowledge outcomes that you must understand and learn:




	A1.1    the purpose of organisational policies and procedures in the health and science sector



	A1.2    the importance of adhering to quality standards, quality management and audit processes within the health and science sector



	A1.3    the key principles of ethical practice in the health and science sector



	A1.4    the purpose of following professional codes of conduct



	A1.5    the difference between technical, higher technical and professional occupations in health, healthcare science and science, as defined by the Institute for Apprenticeships and Technical Education occupational maps



	A1.6    opportunities to support progression within the health and science sector. 










A1.1 The purpose of organisational policies and procedures in the health and science sector





In our professional lives we must maintain high standards out of respect for ourselves, our colleagues and those who require our services – customers, patients, etc. It is not enough to have good intentions; we need policies to consult and procedures to follow so that we know we are always working to the highest standards.



Equality, diversity and inclusion policy


Sometimes we can act in a way that is discriminatory without even realising it. If we stop and put ourselves in the other person’s place, we might realise the effect our actions would have. Even if we do that, we may still have room to improve. That is why we have policies that cover equality, diversity and inclusion in the workplace which make it clear how to behave (Figure 1.1).
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▲  Figure 1.1 Equality, diversity and inclusion should be central to our professional lives






Complying with legislation


One very good reason for having policies that cover equality, diversity and inclusion is to ensure that we comply with the relevant legislation. The main piece of legislation in the UK is the Equality Act 2010.


This gives legal protection from discrimination in the workplace and in wider society. Before this law came into force, there were several laws that covered discrimination, including:



	►  Sex Discrimination Act 1975



	►  Race Relations Act 1976



	►  Disability Discrimination Act 1995.






Replacing these and other laws with a single Act made the law easier to understand and gave increased protection in some areas. The Act sets out the different ways in which it is unlawful to treat someone. The Equality Act 2010 is administered by the Government Equalities Office, which has produced an easy-to-read publication called ‘The Equality Act – making equality real’. You can find this by carrying out an internet search using this title.




Key term


Laws (legislation): passed by Parliament. They state the rights and entitlements of individuals and provide legal rules that have to be followed. The law is upheld through the courts. If an individual or care setting breaks the law by, for example, inappropriately sharing or inaccurately recording information, they can, in certain circumstances, be fined, dismissed or given a prison sentence.





Ensuring equality


The Equality Act places responsibility on employers, providers of goods and services, caregivers, public sector bodies, private clubs and associations, voluntary organisations and many others not to discriminate on the basis of:



	►  age



	►  disability



	►  gender reassignment



	►  pregnancy and maternity 



	►  race – this includes ethnic or national origins, colour and nationality 



	►  religion or belief 



	►  sex 



	►  sexual orientation.






Eliminating discrimination


These are called protected characteristics. By having policies in place to cover these aspects of equality, and promoting diversity and inclusion, organisations can ensure that they comply with the law and also benefit from treating everyone fairly and equally. 


We should also be aware of indirect discrimination. This is where there is a practice, policy or rule that applies to everyone in the same way but could have a worse effect on some people than others. Here are two examples of indirect discrimination:



	►  A woman has been on maternity leave. On return to work, she makes a flexible working request so that she can reduce her hours and look after her child instead of using childcare. Her manager refuses her request and says everyone doing that job must work full-time. This could be indirect sex discrimination.



	►  A Jewish woman works in a large store. She is told that because of a change in shifts, she now must work one Saturday a month. She explains that, as an observant Jew, she cannot work on Saturdays (the Sabbath). Her manager tells her that it would be unfair to everyone else if she were allowed not to work on Saturdays. This could be indirect religious discrimination.







Safeguarding policies


Safeguarding means ensuring individuals are protected from harm. The NHS England website is a useful source of information about safeguarding in the context of healthcare. Its definition of safeguarding is worth consulting:


‘Safeguarding means protecting a citizen’s health, wellbeing and human rights; enabling them to live free from harm, abuse and neglect. It is an integral part of providing high-quality health care. Safeguarding children, young people and adults is a collective responsibility.’


Source: www.england.nhs.uk/safeguarding/about/


Note that the policy specifies ‘children, young people and adults’ – basically, everyone. We probably think of children and young people as being in greater need of protection. However, adults can also be vulnerable and require protection, such as people with learning difficulties or those with a physical or mental disability.


That is why safeguarding policies are required in all organisations, not just in those dealing with children, young people or the elderly. Organisations in the science sector also require proper safeguarding policies covering employees, customers and others they come into contact with, including visitors.


DBS checks


There are many situations where you might be working with children or vulnerable adults, such as in healthcare, childcare, education or a voluntary organisation such as Scouts or a youth club. In such situations, the employer or organisation is responsible for checking whether you have a criminal record. This is done through the Disclosure and Barring Service (hence the term DBS check – previously known as CRB). Different levels of DBS check are available, depending on how sensitive the job or role is:



	►  A basic check just shows any unspent convictions and conditional cautions. Convictions become ‘spent’ (i.e. they no longer appear on your criminal record) after a period of time, depending on age and length of sentence (if any).



	►  A standard check shows spent and unspent convictions, cautions, reprimands and final warnings.



	►  An enhanced check shows, in addition to the standard check, any information held by local police that is considered relevant to the role.



	►  An enhanced check with barred lists shows the same as an enhanced check plus whether the applicant is on the list of people barred from doing the role, e.g. someone on the sex offenders register.






You can only request a basic check yourself. For more information, search gov.uk for ‘DBS’. Take care, because if you just do an internet search for ‘DBS’ the top results will be for commercial organisations that want to sell you a DBS check.



Employment contracts


Every employee has an employment contract with their employer. The contract does not have to be written down – in fact, as soon as someone accepts a job offer, they have a contract with their employer. This means that if either side backs out (for example, the employer withdraws the job offer or the employee decides to take a different job), they could risk legal action for compensation. The employment contract is an agreement that sets out:



	►  employment conditions



	►  rights



	►  responsibilities



	►  duties.






Both employer and employee must stick to the terms of the contract until it ends. That will happen when either side gives notice, i.e. when the employee announces they will be leaving, or the employer decides to end their employment (for example, through redundancy), or an employee is dismissed (they lose their job). The terms of the contract can be changed, usually by agreement between both sides.


Do not confuse an employment contract with a ‘contract to provide services’, such as when you agree with someone that they will paint your house or mow your lawn. In those circumstances, the decorator or gardener does not become your employee.


The legal parts of a contract are known as the terms; these are legally binding on both parties. Contract terms can take different forms:



	►  a written contract or statement of employment



	►  a verbal agreement



	►  in an offer letter from the employer



	►  in an employee handbook, on a company noticeboard or intranet.






Some terms are required by law, such as the requirement to pay at least the National Minimum Wage to all employees over 18 years of age (and the rate called the National Living Wage for people aged 23 and over), or the right to a minimum of paid holiday.




Practice point


You can find the minimum wage for your age group on the Gov.uk website: www.gov.uk/national-minimum-wage-rates





Some contracts are based on collective agreements. This is where the employer or employers negotiate agreements with trade unions or staff associations which represent a group of employees.


Some terms might be implied rather than clearly agreed. Examples include:



	►  Employees should not steal from their employer.



	►  Your employer must provide a safe and secure working environment.



	►  If a job provides a company car, the employee needs a valid driving licence.



	►  Something that has been done regularly over a long period of time, such as paying an annual bonus or certain days off.






When you start a job, your employer is obliged to give you a written statement of employment particulars. This is not an employment contract. There are two statements of employment particulars. The principal statement must be provided on the first day of work and covers things such as:



	►  the employer’s name, the employee’s name, job title (or description of work) and start date



	►  how much and how often you will be paid



	►  your hours and days of work and how they might change – as well as if you are expected to work Sundays, nights or overtime



	►  how long the job is expected to last (or, if permanent, that it is indefinite), and the end date if it is a fixed-term contract



	►  if there is a probation period, how long it will last and what its conditions are, e.g. to achieve satisfactory performance



	►  other benefits, such as childcare vouchers or free lunches



	►  any obligatory training.






As well as this, on day one an employer must give the employee information about:



	►  sick pay and procedures



	►  other paid leave, such as maternity and paternity leave



	►  notice periods, both from the employer and the employee (they may be different).






Within two months of starting work, the employer must give a wider written statement that covers:



	►  pensions and pension schemes



	►  any collective agreements (see above) that might be in place



	►  any right to other (non-compulsory) training provided by (or on behalf of) the employer



	►  disciplinary and grievance procedures (see page 5).







Performance reviews


How do you know that you are doing a good job? You might think you are doing well, but does your employer agree? That is why organisations usually have regular performance reviews for staff. However, this is not just a one-way process. 


Performance reviews have several objectives:



	►  Evaluating work performance against standards and expectations: you might have been given targets to achieve or, if you work in a highly regulated sector, you might have formal standards to maintain or strive for.



	►  Giving feedback: a performance review gives your line manager (the person who manages you directly, i.e. your boss) the opportunity to help you improve your performance. You should expect feedback to be supportive and encouraging. 



	►  Providing opportunities to raise concerns or issues: performance reviews are not simply about the organisation evaluating your performance, you can also raise any concerns or issues that you have. Try to be non-confrontational – telling your manager exactly what they do wrong and how you could do it so much better might be a career-limiting move!



	►  Contributing to continuing professional development (CPD): this might mean identifying areas where you need more training or education so that you can develop in your work.







Disciplinary policy


If your employer has concerns about your work, conduct or absence from work (including sickness absence), initially they should raise these concerns in an informal way. However, they can go straight to formal disciplinary or even dismissal procedures. A disciplinary procedure is a formal way for an employer to deal with an employee’s unacceptable or improper behaviour (this is known as misconduct) or their performance (lack of capability).


Part of this process is that the employer should set and maintain expected standards of work and conduct. You need to know what is expected of you before you can be disciplined for not achieving it!


The disciplinary policy should also ensure consistent and fair treatment of all employees; there should be no favouritism, nor should individual employees feel picked on or bullied.


There should be a process for disciplinary action. This will be part of the disciplinary policy that all employers must have. You should have been given details of this process as part of the wider written statement of employment particulars that you receive within two months of starting work. This should say what performance and behaviour might lead to disciplinary action and what action your employer might take. It should also include the name of someone that you can speak to if you do not agree with your employer’s decision.


Your employer’s disciplinary procedure should include the following steps:



	►  A letter setting out the disciplinary issue.



	►  A meeting to discuss the issue; the employee should have the right to be accompanied by a colleague or trade union representative at this meeting. Some employers may have a policy of allowing a wider range of people to accompany you, such as a friend or relative.



	►  A decision about the disciplinary issue. This might result in no further action, a first or final written warning, dismissal (i.e. losing your job) or some other sanction.



	►  A chance to appeal the decision.







Grievance policy


In a well-run organisation, there will be open communication and consultation between managers and their staff. This means that problems and concerns can be raised quickly and settled as part of the normal working relationship.


However, anyone working in an organisation may have problems or concerns about their work or working conditions; they may have problems in their relationships with colleagues. These are all grievances that employees want to be addressed and, if possible, resolved. As well as this, the management will want to resolve any problems before they develop into major difficulties.




Key term


Grievance: any concern, problem or complaint you may have at work. If you take this up with your employer, it is called ‘raising a grievance’.





Issues that may cause grievances include:



	►  terms and conditions of employment



	►  health and safety issues and concerns (see Chapter A3)



	►  relationships with colleagues and management



	►  bullying and harassment 



	►  working practices, particularly when new practices are introduced



	►  the working environment 



	►  changes in the organisation 



	►  discrimination – or perceived discrimination.






However, there may be occasions where an employee has a grievance against their line manager and this needs a different approach.


As with disciplinary procedures, all employers should have a written grievance procedure. This should explain what to do if you have a grievance and what happens at each stage in the process. It should provide opportunities for employees to confidentially raise and address grievances. There should be a sequence for raising and resolving grievances. This will usually involve a meeting to discuss the issue. As with disciplinary procedures, you can appeal if you do not agree with your employer’s decision. 







Research


Acas, the Advisory, Conciliation and Arbitration Service, is an independent public body funded by the government. Acas works with employers and employees to improve relationships in the workplace. It has produced several codes of practice that set out the minimum standards of fairness that employers should follow. These include:



	►  disciplinary and grievance procedures



	►  collective bargaining with trade unions



	►  requests for flexible working.






An employment tribunal will use the Acas codes of practice when deciding cases. Employers do not need to follow these codes of practice but if they do not and you take your claim to an employment tribunal, your compensation might be increased, so it is in the employer’s interest to follow the Acas codes of practice.


There is more information on the Acas website (www.acas.org.uk/advice). Do you think the information they give is helpful? Does it help you understand your rights as an employee?







Key term


Employment tribunals: responsible for hearing claims from people who think an employer has treated them unlawfully, for example, through unfair dismissal or discrimination.






A1.2 The importance of adhering to quality standards, quality management and audit processes





Adhering to quality standards should be central to any organisation’s way of working. Those standards may be national or international standards such as British Standard or ISO (the International Organization for Standardization) or the organisation’s own internal quality standards. In the health and science sector, quality standards help improve the quality of care or service provided.



Ensuring consistency


One reason for adhering to quality standards is to ensure consistency – always obtaining the same, high-quality outcome.




Reflect


Quality and consistency are terms you will encounter a lot, both in this book and in your working life. Think about how we should always strive for both quality and consistency. If you go to a restaurant, you want the food to be consistently good. If it is consistently bad, you probably will not want to go. But what about a restaurant that is inconsistent? You might occasionally get a good meal, but is it worth a gamble? An organisation should always strive to achieve consistently high quality.






Maintaining health and safety


You will learn, in subsequent chapters, how adhering to proper procedures can help avoid (or at least reduce) accidents and harm to employees, service or care receivers or the general public.


This is covered in most detail in Chapter A3 Health, safety and environmental regulations in the health and science sector.



Monitoring processes and procedures


It is not good enough to intend to do something properly, you must do it. This applies to doing a favour for a friend but is even more important in the workplace. That is why there will often be a check sheet on the wall of a public toilet showing that it has been cleaned according to the required schedule.


This will be covered in more detail in Chapter A8 Good scientific and clinical practice. 







Case study


In the summer of 2015, the Smiler roller coaster at the Alton Towers theme park crashed, causing life-altering injuries to four riders (two teenagers had to undergo amputations). The Health & Safety Executive (HSE) report found that there were no mechanical failings in the track, the cars or the system designed to keep the cars separate. The investigation identified a number of human errors that led to the crash. However, the HSE investigators found that Merlin Entertainments (the operator of the theme park) had multiple failings in not performing an adequate risk assessment and not having proper procedures to prevent a series of errors by staff, leading to harm to the public. As a result, Merlin Attractions was fined £5 million.


Do you think ‘human error’ is ever a valid defence or excuse when harm is caused to employees, patients, care-receivers or members of the public?






Facilitating continuous improvement


Continuous improvement means making many, often small, improvements over time. The success of the GB Olympic cycling team in recent years has been due, in part, to an approach that looks for many tiny performance improvements – in athlete training, equipment or clothing, for example. Each one might shave a hundredth or even a thousandth of a second off a lap time. Cumulatively, they have contributed to many gold medals being won. 


We can take the same approach in a science, health or healthcare environment. It starts with adopting quality standards and adhering to them, monitoring performance against those standards and then looking for ways to improve performance.



Facilitating objective, independent review


Audit processes might be a legal requirement – see Chapter A8 for examples. But an audit really means asking the question: ‘Did we achieve what we set out to achieve?’ We need to have processes that ensure we ask that question in an objective and independent way so that we get useful answers. If we did not achieve our objective, what can we do to achieve it in future? If we did achieve our objective, are there ways we can improve further?




Practice points


Quality control (QC) means the testing of a product to ensure that it meets required standards. The QC department in an organisation will be responsible for testing products before they are sold. Any product that fails QC tests will have to be reworked or scrapped.


Quality assurance (QA) means having procedures in place that ensure that the product will always meet the required standards.


Which do you think is more important, QC or QA?






A1.3 The key principles of ethical practice in the health and science sector





We are probably all aware of medical ethics – the need for medical professionals to adhere to a set of values or moral principles. This provides a framework for analysing a situation and deciding on the best course of action to take. We will expand upon that in this section. However, aspects of ethical practice are important in all areas of health and science, as we will see.



Beneficence


Put simply, beneficence means ‘doing good’. All healthcare professionals need to follow the course of action that they believe to be in the best interest of their patient. However, ‘doing good’ is often too simple in the real world. It is better to think of beneficence as ranking the possible options for a patient, from best to worst, taking account of:



	►  Will the option resolve the medical problem?



	►  Is it proportionate to the scale of the problem?



	►  Is it compatible with the patient’s individual circumstances?



	►  Are the option and its outcomes in line with the patient’s expectations?






Several of these points are related to the patient’s circumstances or expectations. This forms the basis of patient-centred or person-centred care. 



Nonmaleficence


If you have seen the 2014 Disney movie ‘Maleficent’ you can probably work out that maleficence means ‘doing harm’, so nonmaleficence must mean ‘not doing harm’. In that sense, beneficence (doing good) and nonmaleficence (not doing harm) go together. In the science and healthcare sector we all have a duty of both beneficence and nonmaleficence to those we are responsible for.


You can think of nonmaleficence as a threshold for treatment. In other words, if a treatment causes more harm than good then we should not consider it. That is different to beneficence, where we consider all the valid treatment options and then rank them in order of preference or benefit to the patient. A treatment could still be the most beneficial and cause more harm than good.


Another difference is that we usually think of beneficence in response to a specific situation – what is the best treatment for a patient? However, nonmaleficence is something that should always be considered in a healthcare setting. If you see someone collapse, you have a duty to provide (or seek) help for that person. Because we must try to prevent harm, it will be better for that person to receive medical attention than to be left there. Even if you are not qualified or able to help, you can at least make sure that help is given or called for (e.g. by calling 999).


We have described beneficence and nonmaleficence in the context of a doctor providing medical treatment. However, the same principles apply to all health workers who are providing care.




Reflect


Here are some factors to consider in the context of nonmaleficence:



	►  What are the risks associated with intervening or not intervening?



	►  Do I have the skills necessary to help this person or carry out this action?



	►  Are any other factors (staff shortages, lack of resources, etc.) putting the person at risk?



	►  Is this person being treated with dignity and respect?










Autonomy and informed consent


Autonomy means that everyone has the right to make the final decision about their care or treatment. That means that, as caregivers, we cannot impose care or treatment on any individual, with some limited exceptions (see below).


This has not always been the case – there have been many instances of ‘doctor knows best’ in the past and some people might still feel the need to defer to what they see as an authority figure.


Informed consent means that before making that final decision, a person receiving care or treatment has the right to be given all the relevant information about the care or treatment. This might include the benefits, the potential risks and what might happen if the care or treatment is not given.


In some cases, the person may not have the capacity to give informed consent. To have capacity, the person must be able to:



	►  understand the information they are given



	►  retain that information long enough to make a decision



	►  weigh up or assess the information to make a decision



	►  communicate their decision.






If the person does not have capacity to give informed consent, the principles of beneficence and nonmaleficence should be applied. In some cases, for example, with children, the parent or guardian would have to give consent.


According to UK law, adults are over 18 years. However, 16- and 17-year-olds are considered able to give informed consent without the need for a parent. Children under 16 can also give informed consent, provided they have sufficient capacity – intelligence, competence and understanding.


In some cases, the beliefs of a parent (e.g. religious beliefs) may lead them to oppose a course of treatment that healthcare staff believe to be in the interests of the child. In such cases it might be necessary to obtain a court order to overrule the parent’s wishes. Of course, this might not be possible in an emergency. In such cases, the principles of beneficence and nonmaleficence should be applied. However, this might result in the parent taking legal action. Ethical issues are not always straightforward! 



Truthfulness and confidentiality


Confidentiality is central to the relationship between patients, care-receivers or the general public on the one hand and science and healthcare staff on the other. Lack of confidentiality may lead to loss of trust; if a patient feels their confidential information may be disclosed without their consent, they may withhold necessary information or even avoid seeking treatment – either way, they are less likely to receive appropriate treatment.


Truthfulness is an obligation on the part of science and healthcare staff. We have an obligation to be truthful, whether that is answering a patient’s questions or reporting the results of experiments or analysis. Being truthful with patients is important, even if it might lead to them deciding against a course of action or treatment that we think will be beneficial for them. This is a consequence of informed consent that healthcare staff must accept.




Reflect


How would you apply the principles we have covered to help you deal with the following situations?



	►  A colleague has told you that they have a drink problem, but that it does not affect their work. You, however, are not sure because you have noticed that they are not always fully attentive and even show signs of being drunk on duty.



	►  A friend has asked if you can access their partner’s medical records as they believe the partner is having an affair and they are worried about STIs (sexually transmitted infections).



	►  A patient tells you that they have been using illegal drugs.










Justice


Justice can mean fairness, equality and respect for all. Therefore, when we decide whether something is ethical or not, we must think about:



	►  Is it legal or compatible with the law?



	►  Is it fair?



	►  Does it respect the person’s right and equality?



	►  Does it show respect for all concerned?







A1.4 The purpose of following professional codes of conduct





Whatever area of science, health or healthcare we work in, it is likely that we will be expected to follow specific professional codes of conduct. It is not enough to have good intentions; we need to achieve good outcomes – codes of conduct are one way to help ensure that.


Professional codes of conduct may be written by professional societies or organisations. Some examples, covering a diverse range of professions, include:



	►  The Nursing and Midwifery Council (NMC)



	►  The Royal College of Nursing (RCN)



	►  The Health Care Compliance Association (HCCA)



	►  The Royal Society of Chemistry (RSC)



	►  The Institute of Food Science & Technology (IFST)



	►  The Science Council



	►  The Royal Society of Biology (RSB)



	►  The Society of Radiographers (SoR)



	►  The Health and Care Professions Council (HCPC)



	►  The British Association of Sport and Exercise Sciences (BASES)



	►  The Institute of Biomedical Science (IBMS).






There are many more. Members of these societies or organisations are expected to follow the code of conduct. 


In addition, many organisations in the science, health and healthcare sectors have their own codes of conduct:



	►  Government agencies, such as Public Health England.



	►  Private companies, such as HCA Healthcare UK.



	►  Employer-led bodies such as the Sector Skills Councils, including Skills for Care and Skills for Health.






Professional codes of conduct will usually follow the same format:



	►  They clarify the missions (aims) of the organisation and its values and principles.



	►  They clarify the standards that everyone must adhere to.



	►  They outline expected professional behaviours and attitudes.



	►  They outline rules and responsibilities within organisations.



	►  They promote confidence in the organisation and profession. 











Research


An internet search or your tutor will help you find examples of professional codes of conduct relevant to your particular field of work. Are these codes of conduct helpful and easy to understand? Will they help prepare you to achieve good outcomes in your work?






A1.5 The difference between technical, higher technical and professional occupations in health, healthcare science and science, as defined by the IfATE occupational maps





The Institute for Apprenticeships and Technical Education (IfATE) is an employer-led organisation sponsored by the Department for Education. A key element in the work of the Institute is to support employer groups in developing apprenticeships.


The Institute also maintains the occupational maps that underpin technical education. These occupational maps show where technical education can lead. They group occupations that have related knowledge, skills and behaviours into pathways so that it is easier to see opportunities for career progression within a particular route. Within each pathway, occupations at the same level are grouped into clusters to show how skills you have learned can be applied to other related occupations (Figure 1.2).
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▲  Figure 1.2 Modern laboratory equipment needs qualified and highly trained staff










Key term


Levels: in this context, a way of grading a qualification or set of skills and the corresponding occupations. The levels used today are based on the National Vocational Qualifications (NVQ) levels 1 to 5 developed in the 1980s. Over time, more emphasis has been given to the degree of difficulty or challenge of the qualification rather than the level of occupational competence in the workplace. There are now eight levels, and they cover academic qualifications such as GCSEs, A Levels and undergraduate and graduate degrees, as well as vocational qualifications such as T Levels and apprenticeships – see below for examples.





This is a small selection of the qualifications available at each level:



	
►  Level 1 qualifications:


	–  GCSE grades 3 to 1 or D to G



	–  Level 1 NVQ.












	
►  Level 2 qualifications:


	–  GCSE grades 9 to 4 or A* to C



	–  Intermediate apprenticeship



	–  Level 2 award, certificate or diploma.












	
►  Level 3 qualifications:


	–  AS/A Level



	–  T Level



	–  Advanced apprenticeship.












	
►  Level 4 qualifications:


	–  Higher apprenticeship



	–  Higher national certificate (HNC).












	
►  Level 5 qualifications:


	–  Foundation degree



	–  Diploma of higher education (DipHE)



	–  Higher national diploma (HND).












	
►  Level 6 qualifications:


	–  Ordinary or honours degree, e.g. BA, BSc.












	
►  Level 7 qualifications:


	–  Master’s degree, e.g. MA, MSc, MChem, Meng.












	
►  Level 8 qualifications:


	–  Doctorate, e.g. PhD or DPhil.











For a full list, visit www.gov.uk and search for ‘What qualification levels mean’.



Technical


These are skilled occupations that a college leaver or an apprentice would be entering, typically requiring qualifications at levels 2/3. Examples include:



	►  adult care worker/lead care worker



	►  healthcare support worker 



	►  dental nurse



	►  food technologist



	►  laboratory technician.







Higher technical


These are occupations that require more knowledge and skills. This could be acquired through experience in the workplace or further technical education. They typically require qualifications at levels 4/5. Examples include:



	►  lead practitioner in adult care



	►  healthcare assistant practitioner



	►  nursing associate



	►  dental technician



	►  food testing/laboratory manager



	►  technician scientist.







Professional


These are all occupations where there is a clear career progression from higher technical occupations, as well as occupations where a degree apprenticeship exists (level 6). Examples include:



	►  social worker



	►  healthcare science practitioner



	►  registered nurse or midwife



	►  biochemist/biologist/chemist/physicist



	►  research scientist.








Research


You can view the latest occupational maps on the Institute for Apprenticeships & Technical Education website (www.instituteforapprenticeships.org/about/occupational-maps) or search online for ‘Institute for Apprenticeships occupational maps’.


Were you able to find relevant information? Will this be a useful resource to help you to plan your career?






A1.6 Opportunities to support progression within the health and science sector





When you were a child, what did you want to be when you grew up? Is that still what you want to do? Some people seem able to plan their careers and then pursue their objectives with single-minded determination. Others may move from job to job without any clear plan. The former group is usually, but not always, more successful than the latter. Whichever category you fall into, the end of your T Level course is just the beginning. It helps if you have a plan as to how you can progress in your career. Even if you are not sure where you want to go, at the very least you should be aware of the opportunities that are available.




Research


Although it is more relevant to the science sector than health or healthcare sectors, the Royal Society of Chemistry offers a ‘careers toolkit’ of online resources to its members.


Other professional bodies in your field may offer something similar. You should use all the resources and sources of advice and information available to you. Look at the professional bodies listed in section A1.4. Are any of those relevant to your chosen field of work? If so, their website might have useful resources. Make a list of sources of help and information about how to progress your career.






Undertaking further/higher education programmes


As you come to finish your T Level, it is a good idea to have already planned your next move. You will have achieved a level 3 qualification, so you should normally consider moving on to a level 4 or level 5 qualification, unless you decide to change track – in which case there will be a range of other level 3 qualifications that might be suitable.


If you plan to remain in the science, health or healthcare sector, you will probably consider a level 4 or level 5 qualification appropriate to your chosen field of work, such as Higher Technical Qualifications. In some cases this will mean that you have to become registered with a statutory regulator, such as the Nursing and Midwifery Council or the General Dental Council.


Your T Level will be worth UCAS points, so you can continue into higher education (level 5 or 6) at university or with another education provider if you wish.



Undertaking apprenticeship/degree apprenticeship


An apprenticeship is a job with training to industry standards and should involve entry into a recognised occupation. Apprenticeships are employer-led, so employers will:



	►  set the standards the apprentices need to meet



	►  create the demand for apprentices to meet their skills needs



	►  fund the apprenticeship, i.e. pay for training 



	►  employ the apprentice, i.e. pay them and give them work



	►  be responsible for training the apprentice on the job.






The needs of the apprentice are also important. Apprentices are not meant to be simply a source of cheap labour. The apprentice must be able to achieve competence in a skilled occupation. Not only that, but they should also acquire skills that are transferable and offer the possibility of long-term earnings potential, greater security and the ability to progress in the workplace.


A higher apprenticeship (level 4) might lead on naturally from a level 3 T Level, but entry to a level 6 or level 7 degree apprenticeship is also possible. Degree apprenticeships combine working for an employer with studying at a university. Study periods can be on a day-to-day basis or in blocks, depending on the programme and the needs of the employer.


More information about degree apprenticeships is available on the UCAS website (www.ucas.com) or the Institute for Apprenticeships and Technical Education website (www.instituteforapprenticeships.org).



Undertaking continuing professional development (CPD)


Continuing professional development can take many forms. It is a way in which professionals use different learning activities to maintain, develop and enhance their abilities, skills and knowledge. CPD combines different methods of learning, such as:



	►  conferences and events



	►  training workshops



	►  e-learning programmes



	►  best practice techniques



	►  ideas sharing



	►  shadowing a more experienced professional in the field.






CPD programmes are often run by employers or professional bodies such as those described in section A1.4.



Joining professional bodies


Professional bodies fulfil a number of important functions. As well as being the guardians of professional codes of conduct in their area of expertise, they offer CPD programmes.


In some occupations in the science, health and healthcare sectors you need to be registered with a statutory body, such as one of the professional bodies. 


Some professional bodies offer chartered status. As well as indicating an in-depth knowledge of the field, chartered status is required in some regulated activities that have to be supervised by a qualified person, such as production of pharmaceuticals (see section A8.3 for more information). Examples include:



	►  Chartered Chemist (CChem) administered by the Royal Society of Chemistry



	►  Chartered Biologist (CBiol) administered by the Royal Society of Biology



	►  Chartered Physicist (CPhys) administered by the Institute of Physics



	►  Chartered Scientist (CSci) administered by the Science Council.







Undertaking an internship


Internships can offer valuable experience in a real work environment – particularly if you have not gained this through an apprenticeship. Internships are usually relatively short and often take place during the summer months, as many are designed for university students. Placements are similar, but generally last longer. Internships and placements are usually offered by large companies, such as GSK (which manufactures pharmaceuticals) or Unilever (consumer products). In some cases, you will be paid at least the UK National Living Wage, but in others it can be much higher than this – though some internships are not paid at all. Bursaries are often available to cover your costs in an unpaid internship. Many of the professional bodies already mentioned will offer help with internships, placements or bursaries. Their websites are the best place to look for advice and information.



Undertaking a scholarship


As well as help with bursaries, many of the professional bodies can offer help with scholarships. These are usually available to help with the costs of obtaining higher qualifications, usually at level 6 or level 7. Educational institutions that offer these qualifications may also offer scholarships or can give guidance on what scholarships and other sources of funding are available. 




Project practice


You are working in a science/health/healthcare organisation (choose one according to your own area of work). You have been asked to produce materials to help new apprentices understand the importance of the working practices of the organisation, as well as to inform them about the ways in which their careers might develop.



	1  Prepare a summary of the organisation policies that you are aware of in your organisation, or ones that you know should be in place. Give explanations for the relevance and importance of these.



	2  Research the professional codes of practice relevant to your area of work. This might require you to use the websites of any relevant professional bodies to gather information.



	3  Prepare a list of the types of CPD that are available or recommended in your organisation.



	4  Finally, outline the additional ways in which apprentices can progress in their careers.






You should present the information in the form of a poster or short written document, such as an employee handbook.







Assessment practice



	1    What piece of legislation covers the requirement for diversity and inclusion for people with certain characteristics?



	2    Who is responsible for obtaining a DBS check for work?



	3    What is the name for the legal parts of an employment contract?



	4    What are collective agreements?



	5    Your employer has a disciplinary policy that includes informal and formal written warnings. You have been found stealing and dismissed. You feel that you have been treated unfairly because you were not given any warnings or a notice period. Are you correct?



	6    Give two reasons why an organisation needs an equality, diversity and inclusion policy.



	7    Explain, using an example, what is meant by safeguarding.



	8    Give two reasons why organisations adhere to quality standards.



	9    During the early stages of the COVID-19 pandemic, there were serious concerns that NHS hospitals would be overwhelmed and unable to treat patients. Therefore, hospitals were instructed by the government to discharge any patients who could be transferred back to their care homes. In many cases this led to the introduction of COVID-19 into care homes from hospitals because patients were not tested for COVID-19 or were known to be infected. 



	Evaluate this instruction, considering the key principles of ethical practice. 



	
Your response should demonstrate:


	–   reasoned judgements 



	–   informed conclusions.




























A2: The science sector
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Introduction


The term ‘science sector’ covers a huge range of organisations and occupations. You can get an idea of its breadth and diversity by thinking first about the different areas of science:




	►  life sciences – this covers all of the various aspects of biology, such as botany, zoology and ecology, as well as areas bordering on medicine, such as anatomy and physiology



	►  chemical sciences, such as physical and organic chemistry



	►  physical sciences, such as physics but also mechanics and engineering.






There are also areas of overlap between these three broad areas, for example:



	►  environmental science



	►  pharmaceutical sciences (incorporating areas of chemistry and biology)



	►  materials science (incorporating areas of chemistry and physics).






There are many others, some of which will be discussed in sections B1 and B2, but the science sector is much too wide to be covered entirely in one textbook.


This chapter aims to provide an overview of the sector and the opportunities that might be open to you.







Learning outcomes


The core knowledge outcomes that you must understand and learn:




	A2.1    factors that contribute to the diversity of employers/organisations within the science sector



	A2.2    the diversity of work undertaken in different job roles within the science sector



	A2.3    possible employers and job roles that require the application of science in non-science sectors



	A2.4    the difference between a job description and a person specification



	A2.5    how individual roles fit into teams within an organisation



	A2.6    the individual’s responsibilities in relation to the wider team



	A2.7    the principles of good laboratory practice (GLP)



	A2.8    the principles of good manufacturing practice (GMP) in ensuring that products meet standards



	A2.9    the key principles of continuous improvement in relation to scientific tasks



	A2.10  the difference between quality assurance and quality control



	A2.11  how organisations in the science sector ensure compliance with internal and external regulations



	A2.12  how regulatory controls apply in different working environments within the science sector



	A2.13  factors that may have an impact on the commercial activities (for example, pharmaceuticals, cosmetics, manufacturing, services) of science organisations



	A2.14  the importance and impact of innovation in the science sector. 










A2.1 Factors that contribute to the diversity of employers/organisations within the science sector





In 2019, according to the Office for National Statistics (ONS), 8.5% of UK employees were categorised as ‘Professional, Scientific, Technical’ whilst 8.2% were categorised as ‘Manufacturing’. Of course, not all of these could be described as science jobs. The science sector is so diverse that it can be difficult to get reliable figures for numbers of employees. However, between 2018 and 2019, the second largest increase in employees was in the ‘professional, scientific and technical’ category, which is encouraging for anyone planning a career in the science sector.


There is a great variety of organisations within the science sector and this is influenced by a number of factors that we shall cover here.



Size of employer/organisation


There is a wide range of sizes of employers/organisations:



	►  The NHS employed about 1.3 million people in the UK in 2021, and is one of the largest employers in the world.



	►  Large pharmaceutical companies employ thousands of people in the UK, for example GSK (13 900 UK employees), AstraZeneca (2600 UK employees) and Novartis (1300 UK employees).



	►  Smaller pharmaceutical companies working in developing new drugs or providing services to the larger pharmaceutical companies may have anything from just a few people to a few hundred employees.



	►  Large chemical manufacturing companies, such as Johnson Matthey employ many people (almost 14 000 employees at the end of 2020).



	►  Newly formed start-up companies may have small workforces to begin with; these tend to be founded by university researchers, often with funding from the university, to commercialise their research.








Case study


BioCity Nottingham


BioCity Nottingham (https://biocity.co.uk) was established in 2003 by the University of Nottingham and Nottingham Trent University, who were each part-owners of the business. The buildings, located on the site where the painkiller ibuprofen was developed many years earlier, were donated by the pharmaceutical company BASF. The function of BioCity is to act as a ‘bioincubator’ – a place where new companies can rent lab space to exploit new technologies in the life sciences. These companies are often spin-outs from local universities trying to commercialise their research.


Over the years, many companies have been formed and located in BioCity. Some have not lasted, but most have gone on to grow and attract new investment. Several successful companies have been bought by larger companies and moved on from BioCity, freeing up space for new companies to occupy.


There are a number of similar bioincubators located throughout the UK, including ones in Glasgow and Cheshire also set up by BioCity. There are numerous science parks also, that provide space and facilities for growing companies in all areas of science, not just the life sciences. Many of these are members of the UK Science Park Association (UKSPA). You can get an idea of the range of employment available in the sector on the UKSPA website: www.ukspa.org.uk






Funding streams


Scientific research and development is funded largely through grants provided by:



	
►  government bodies (research councils) under the umbrella of UK Research and Innovation (UKRI); those most relevant to the science sector are:


	–  the Biotechnology and Biological Sciences Research Council (BBSRC), which supports mostly academic research in the biological sciences in universities



	–  the Engineering and Physical Sciences Research Council (EPSRC), which fulfils a similar role in engineering and physical sciences



	–  the Medical Research Council (MRC), which supports research in medical sciences, mostly in universities, research institutes and teaching hospitals



	–  Innovate UK helps businesses to develop new products, services and processes












	
►  charitable organisations, such as:


	–  Wellcome, a charitable foundation that funds medical and pharmaceutical research



	–  the Wolfson Foundation, which funds buildings and other infrastructure and equipment, mostly in the health sector



	–  Cancer Research UK and many other medical charities, large and small 



	–  Lloyd’s Register Foundation, which funds research in engineering to help improve the safety of infrastructure in areas such as energy, transport and food.











There is a wide variety of other funding streams for science-based companies, including:



	►  commercial loans from banks and other investors



	►  venture capital (organisations that invest in new or growing companies in exchange for a share in the ownership, rather like on the TV programme Dragons’ Den)



	►  shareholders, who provide funds for companies.






Some science-based companies sell their services, such as research, product development or testing, and use the income generated to fund their activities. Small and medium-sized companies known as Contract Research Organisations (CROs) undertake work under contract for large pharmaceutical companies. These contracts might cover parts of the drug discovery process (finding new drug compounds), toxicology testing (to see if the drug is safe) or DMPK studies (to study how a drug is absorbed and broken down in the body).



Commercial status


From what we have discussed so far in this chapter, you will have noticed that employment in the science sector is spread across the whole range of types of organisation:



	►  national governmental organisations, such as the NHS and the civil service



	►  local government organisations, such as departments responsible for health, environment and standards (for example, Trading Standards)



	►  education, including schools, colleges and universities



	►  research institutes, charities and other not-for-profit organisations



	►  limited companies (see below).






There are two types of limited companies. In both cases they issue shares that investors can purchase, and this provides capital (money) to fund the business. Once established, shares can be bought and traded (that is, sold) and the shareholders usually receive a share in the profits made by the business, known as a dividend. Limited liability companies are privately owned and usually have ‘Limited’ or ‘Ltd’ after the company name. Larger companies are usually public limited companies – the shares are traded publicly on the stock market – and have ‘plc’ after the name.



Working environments


We usually think of scientists and technicians working in laboratories, which is certainly often the case. However, many will be employed in the manufacturing industry, working in manufacturing plants and factories, as well as in laboratories.


Some science-based jobs are ‘in the field’. This does not mean you are actually working in a field, but that much of the work will be out and about in relevant locations. Examples include:



	►  performing ecological or geological surveys



	►  environmental monitoring, such as collecting air samples or water samples from rivers, lakes or reservoirs



	►  agricultural and veterinary science technicians.






In other cases, scientists are desk-based rather than laboratory-based. Examples include:



	►  science-related computer work (bioinformaticians, biostatisticians)



	►  science publishing, including educational publishing



	►  commercial roles, such as sales & marketing, purchasing, planning, etc. in science-based industries.






Scientists can also work with patients in hospitals or other healthcare environments.



Geographic location


Employment in the science sector is spread throughout the UK; this is particularly true of jobs in the NHS and local government. However, some sectors are concentrated in particular areas.



	►  Many life science and biotechnology companies are based in the ‘golden triangle’ of London, Oxford and Cambridge; this is because they were formed as spin-out companies from those universities or have strong research links with them.



	►  Pharmaceutical research is located mostly in the east and south-east of England, although there are some research facilities elsewhere, for example in the north-west of England and Scotland.



	►  Pharmaceutical manufacturing is located largely in the north-west of England.



	►  Chemical manufacturing is concentrated in the north-east of England, particularly on Teesside.







A2.2 The diversity of work undertaken in different job roles within the science sector





Just as there is great diversity in the type and location of employers in the science sector, there is also great diversity in the types of job role available. 



Research and development


Whether it is in pharmaceuticals or chemicals, the petroleum industry, electronics or engineering, we tend to associate careers in the science sector with research and development (R&D) – scientists working in labs to discover new drugs or develop new products and technologies.


There is usually a high demand for skilled technicians in most R&D labs. A lot of R&D involves sophisticated equipment that must be operated by highly trained staff. Research scientists are usually graduates or have PhDs, but opportunities exist at all levels (as described in section A1.5) and good employers will usually offer the opportunity for progression, as described in section A1.6.



Data analysis


Chapter A5 covers data and information management; you will see from this just how important data is in the science and healthcare sectors. Data analysts (people who analyse and process data) are required in many areas. Large organisations, such as the NHS and major pharmaceutical or manufacturing companies, generate huge quantities of data that needs to be processed and analysed as the basis of sound decision making. The government also requires data analysis – just think of the COVID-19 statistics that featured on news reports each evening during the pandemic. These were collected and collated by the Office for National Statistics (ONS), which is responsible for collecting and reporting statistics about the economy, population and society in the UK.



Clinical testing/trials


A study published in 2020 by a group led by the London School of Economics and Political Science (LSE) estimated the average cost of developing a new drug was $1.3 billion. Almost half of that is the cost of clinical trials. These usually occur in three phases:



	►  phase I: trialling the drug with small numbers of healthy volunteers to test safety and to establish the dose needed



	►  phase II: larger trials to judge how well the drug works



	►  phase III: even larger trials carried out in many hospitals, often worldwide, to compare the drug to existing treatments and to look for any potentially harmful side effects.






Although clinicians (doctors and nurses) are heavily involved in such trials, there are numerous opportunities for technical staff who will be involved in many aspects such as administration of the trials, preparation of trial materials, analysis of samples taken from patients and data analysis.



Quality control and quality assurance


Section A2.10 covers the differences between quality control (QC) and quality assurance (QA). In essence, QC involves testing a product to ensure it meets the required specification. This is mostly lab-based analytical work. QA means ensuring that the product is made in a consistent way that will meet the required specification. This involves working more closely with the production department to ensure processes are fit for purpose.


The aim of QA is to prevent quality problems before they arise. In other words, it is proactive. QC aims to find and reject defective products or components once problems have occurred. So, we can say that QC is reactive. The details of QA and QC procedures will vary depending on the type of organisation and the type of processes carried out. The case study illustrates the work done by QA and QC in a small engineering company. Some of these points will apply in many organisations, whilst others will be specific to this type of process in this type of company.




Case study


A small engineering company produces automated chemical synthesisers for use in drug discovery and development. They are developing a new model. The QA process begins at a very early stage in the product development.


These are just a few of the issues that must be addressed in the QA process:



	►  What elements of the design are new? Could these lead to problems during production?



	►  What are the specifications of the product? Can these be achieved?



	►  What has been learned from previous experience in assembling similar equipment? Are there any issues that can be predicted?



	►  What standards, such as ISO, are applicable? How does the production process have to be designed and managed to ensure that these standards are met?



	►  Are all the necessary procedures in place to minimise production problems and ensure that the product meets its specifications?



	►  Are production staff qualified and trained sufficiently to ensure the product will meet the necessary standards and specifications?



	►  Is the production process, including all SOPs, sufficiently well worked out?






QC will involve testing the final product to ensure that it meets the specifications, and so the QC department must prepare SOPs for the various tests that will be required. However, many of the components are bought in from specialist suppliers and some of these need to be tested to ensure that they meet the company’s own requirements for quality. Testing of sub-assemblies (parts assembled separately to be used within a product) is also required during the production process to ensure they are fully operational before being incorporated into the finished equipment.


QC procedures also include actions required to correct any faults or defects, either during the production process or in the final product.


Think about your own work experience.



	►  Which aspects of QA and QC have been applied in your workplace?



	►  Can you identify which of these are QA (proactive) and which are QC (reactive)?










Product development


Product development covers a wide range of activities across the whole science sector. It involves taking a concept or idea through stages of development to where it can be sold. Typical stages are:



	►  identifying a market need



	►  deciding if people will buy the product



	►  devising how the product will address the need



	►  deciding whether the product will be viable



	►  designing an initial version that has sufficient functionality to be used by customers



	►  releasing this to customers/users and refining the product based on user feedback.






Product development is usually done by multidisciplinary teams, that is, a group of people with different skills and backgrounds working together to bring the product to the point where it can be sold.



Scientific publishing


Books and journals in science cover a wide range of subjects. Their publication requires people with a strong background in science who are able to use their knowledge to produce scientific literature of a high standard. Scientific publishing includes:



	►  research journals covering a range of scientific disciplines, such as Science, Nature, Proceedings of the National Academy of Sciences of the USA (PNAS)



	►  research journals covering more specific areas of science, such as Chemical Communications, Journal of Cell Biology, Biochemical Journal, Journal of Immunology and the Journal of Physics; these are often published by learned societies such as the Royal Society of Chemistry or the Institute of Physics



	►  science magazines such as New Scientist, Scientific American, The Scientist



	►  textbooks and reference works.






Although the authors of many of these will be active researchers or experts in their specific field, the process of assembling, editing and publishing these works requires people with a more general scientific background. Some areas of scientific publishing are more like scientific journalism (see section A2.3). 


Scientific publishing is moving online increasingly. Like paper-based scientific journals, this is often available only on subscription (so you need a login to access it). However, there are an increasing number of free-to-access online journals.



Manufacturing


Manufacturing processes are becoming increasingly sophisticated and, therefore, there is a requirement for skilled people to operate them. Many manufacturing jobs in the science sector require people with technical skills, which can be gained via apprenticeships or further education. Examples include:



	►  chemical manufacturing



	►  pharmaceutical and biotech manufacturing, including formulated products (medicines, injectable products)



	►  nuclear manufacturing



	►  food manufacturing.






Manufacturing technicians are responsible for operating manufacturing processes in accordance with standard operating procedures (SOPs), either alone or as part of a team. They also need to be able to follow quality procedures, understand the regulatory environment (including health and safety legislation) and follow ethical practice and codes of conduct.




Research


The National Careers Service is a government organisation that helps with career, learning and training course in England.


Visit https://nationalcareers.service.gov.uk/job-categories/science-and-research for information about a selection of careers in the science sector.


Are there any that you were not aware of? Do they sound interesting? Would this resource help you in making decisions about your future? 







Reflect


What types of jobs in the science sector do not involve working in a laboratory? Are there more of these than you originally thought? Which type do you think you would find more attractive?






A2.3 Possible employers and job roles that require the application of science in non-science sectors





This covers areas that do not appear to be obviously science-based but where knowledge of science and the scientific method is needed to do the job well.



Communication and outreach


We have covered scientific publishing already, but science journalism is another related area where a good knowledge of science is important. Science journalists may write for national newspapers or for specialist science magazines. Many will work on a freelance basis, meaning that they sell ‘stories’ to a number of publications rather than being employed by a single publisher.


Public relations (PR) and science communication are roles that you will find in most pharmaceutical and manufacturing companies, as well as in medical charities and patient groups, academic societies, universities and government organisations.



Education


Besides the obvious example of a science teacher, there are other opportunities for those with science and technical qualifications, for example education officers in organisations such as:



	►  museums or zoos



	►  charities, such as the RSPB or RSPCA



	►  universities and research institutes.







Policy


Academic societies (such as the Biochemical Society), trade associations (such as the Association of the British Pharmaceutical Industry) and professional bodies (such as the Royal Society of Chemistry) are all involved in developing science policy. This is concerned with allocation of resources to science in the public interest. This covers aspects such as:



	►  funding of science



	►  developing the careers of scientists



	►  turning scientific discoveries into commercial products



	►  the role of science in economic growth and development.






These roles involve people with skills and experience in administration as well as science.



Public service


Sir Chris Whitty (Chief Medical Officer for England) and Sir Patrick Vallance (Chief Scientific Adviser to the UK government) featured regularly in government press briefings and on the television news during the COVID-19 pandemic. There are many more science-based jobs in the civil service, although less high profile.


The civil service offers a science and engineering fast track programme for graduates (including degree apprenticeships) who could be working on a wide range of functions:



	►  understanding and anticipating the implication of science and technology developments



	►  analysing science and engineering evidence



	►  assessing risks and opportunities



	►  designing, developing, testing and evaluating science and engineering services



	►  monitoring, inspecting, enforcing and advising on regulations that protect society, health and the environment.






This could cover areas of science and technology such as:



	►  climate change



	►  health science



	►  defence and security



	►  energy technology or innovation in transport.






Individuals would apply to the civil service for such roles.


Many other national and local government departments need scientists with different levels of qualification and experience. Examples include waste management, environmental monitoring, conservation and food hygiene. 



A2.4 The difference between a job description and a person specification





Having decided what you want to do as a career, it is helpful to be familiar with some of the terminology you will encounter. One possible confusion is between a job description and a person specification.



Job description


A job description is a detailed description of the individual roles of a job. It should include the responsibilities, objectives and requirements of the job. In simple terms, it describes what you will do in the job and what you will need to achieve or be in charge of.


As an example, here is part of a job description for a senior science technician (chemistry) in a sixth-form college:



	►  Provide and enable the use of practical resources and facilities for teaching and learning in chemistry-related work and projects.



	►  Prepare solutions; assemble apparatus and equipment for practicals; and set up, test and assist with demonstrations.



	►  Assist in the safe clearing away of used resources and waste in accordance with health and safety regulations following best practice.



	►  Give technical advice and help students and teachers with practical and project work.






Note the last point about giving technical advice and help to teachers (not just students). A good technician in an educational setting will have skills and experience complementary to those of a teacher.



Person specification


A person specification is a profile of the necessary skills and attributes that a person suitable for the job must have. In other words, it describes the type of person who could do the job. The person specification for the senior science technician (chemistry) included the following:



	►  Educated to at least Level 3 in a relevant science subject.



	►  Recent laboratory experience.



	►  Awareness of COSHH (Control of Substances Hazardous to Health) and risk assessments.



	►  Ability to prioritise workload.



	►  Excellent time management and organisational skills.



	►  Ability to work within a team.



	►  Ability to communicate effectively with subject staff, colleagues and students.







A2.5 How individual roles fit into teams within an organisation





Unless you decide on a career as a freelance science journalist, it is quite likely that you will be working in a team within an organisation. In the past, many organisations were very hierarchical: they had many layers of management, with a small group of people at the top of the structure being far removed from those at the bottom, who were doing the work on a daily basis. That type of structure is less common now as it can be inflexible and inefficient. Nevertheless, any organisation will have a structure and it is important that you know where you fit into it.



People you work with


Most companies will have an organisation chart or organigram (sometimes spelt ‘organogram’). Figure 2.1 shows an organisation chart from a typical biotech or small pharmaceutical company.


[image: image]

▲  Figure 2.1 A typical organisation chart






As the name suggests, it shows the organisation of the company as well as the reporting relationships. For example, there would be a Head of Clinical Sciences who would be responsible for the three departments: Clinical Research, Drug Safety and Biostatistics. The head of each department would report to the Head of Clinical Sciences who would, in turn, report to the Chief Executive Officer (CEO).


Functions such as Administration and Human Resources operate across the whole organisation, interacting with people from all departments, so these are shown below the CEO. Larger organisations are likely to have other senior roles, such as Chief Operating Officer (COO), Chief Scientific Officer (CSO) and Chief Financial Officer (CFO).


Even larger organisations would be split into divisions and each division would have its own structure along these lines. For example, the pharmaceutical company GSK has three main divisions:



	►  pharmaceuticals



	►  vaccines



	►  consumer healthcare (medicines that can be bought without a prescription, as well as vitamins, minerals and supplements).






Similar organisation charts can be used to show individual teams or departments, and might include the names of the people occupying the roles.



People you report to


An organisation chart may show how you fit into the whole organisation, or at least how your particular department fits in. However, you need to know who you report to. This will be your manager (sometimes called a line manager) or supervisor. When we say ‘report to’, it does not necessarily mean that you give them a regular report (although that might be the case); it simply means that they are your boss.



People that you manage


As you progress in your career, you may have people who report to you. These might be more junior staff or trainees. You will be responsible for managing them, which is likely to involve providing support and guidance. You will also need to ensure that they carry out their assigned tasks on time and to the required standards, not to mention safely. To do this, you will need to allow them freedom to learn and grow into their roles. This means you have to strike a balance between appearing to be checking up on them too much on the one hand and allowing them to make costly or even dangerous mistakes on the other.



A2.6 The individual’s responsibilities in relation to the wider team





Your line manager will have particular requirements of you, such as performing the tasks assigned to you. However, you will also have responsibilities to the wider team and to anyone else you or your work interacts with.



Health and safety


Your actions can have an impact on other colleagues, the whole organisation and even the wider environment. For example, storing, handling and disposing of hazardous substances must be done correctly otherwise colleagues could be harmed and/or the organisation could be in breach of laws and regulations. (This topic is covered in detail in Chapters A3 and A4.)


It is always better to check whether something is being done safely and correctly rather than assuming that it is not your responsibility.



Security


There are numerous reasons why it is important to take security seriously. Many labs will have some form of access control, such as key-card entry or combination locks. These can be annoying, particularly if you forget your key card, but they are there for a reason – to keep unauthorised people out of areas where they could harm themselves or the work being done. They might also be required to contain hazardous materials within a controlled area (see section A4.8 for an example of this). Wedging open doors or letting a stranger through the door with you can have serious consequences. In real life, you might find it difficult to refuse access to someone who claims to have forgotten the combination or lost their key card, but security measures like this will have been put in place for a good reason and rely on everyone playing their part to avoid security breaches.


It is also important to use technology safely and securely. For example, many automated or remote-control systems control dangerous equipment or processes. These systems should be password protected in order to prevent non-authorised personnel from using them and potentially causing damage or harm.


Section A5.10 covers the security measures that are needed to protect data.



Organisational policies and procedures


Organisational policies and procedures, such as SOPs, ensure that work is done in a correct way and that there will be no adverse effect on the quality of the product or service. The importance of following organisational policies and procedures was discussed in Chapter A1, and SOPs are covered in more detail in Chapter A8.



Deadlines


In the health and science sectors it is possible that someone’s life may depend on you completing your work to schedule. At the very least, it can mean colleagues are delayed in their work and there could be cost implications for the organisation.



Departmental dependencies


Many organisations in the health and science sectors are highly integrated: in other words, the work of one part of the organisation will depend on the work of other departments. That is why meeting deadlines can be so important.


There are other ways in which other departments may depend on you doing your work carefully and accurately. For example, you may be responsible for preparing samples for colleagues to analyse. If you are careless then it is possible that the results of the analysis will be incorrect. This could have serious implications for the work of the organisation and, if nothing else, your colleagues might be blamed for your mistakes.



A2.7 The principles of good laboratory practice





Good laboratory practice (GLP) is important in all types of laboratories, but particularly in those that are subject to additional regulation. GLP helps to ensure that everyone can have confidence in the results of your laboratory work. GLP is a set of principles providing a framework for planning, performing, monitoring, recording, reporting and archiving. It is important not to confuse GLP with standards for laboratory safety.


GLP is particularly important in laboratories involved in testing. According to the Medicines and Healthcare products Regulatory Agency (MHRA), any test facility must comply with GLP when carrying out tests on:



	►  pharmaceuticals



	►  agrochemicals



	►  veterinary medicines



	►  industrial chemicals



	►  cosmetics



	►  additives for human food and animal feed



	►  biocides (chemicals used as disinfectants or to control the growth of micro-organisms).






To ensure compliance, the test facility must belong to the UK GLP compliance monitoring programme that is run by the UK GLP Monitoring Authority.


A key aspect of GLP is following SOPs (see page 122), but these need to have been drawn up to incorporate the principles of GLP.


By following GLP, organisations can ensure:



	►  the quality, reliability and integrity of the studies that they undertake, meaning that the results will be valid and the work carried out to the correct standards



	►  that they are able to report verifiable conclusions that can be accepted by customers or collaborators



	►  that there is full traceability of data, for example by using proper laboratory notebooks or laboratory information management systems (LIMS).






See section A6.3 for more on LIMS.




Case study


Industrial Bio-Test Laboratories (IBT Labs)


IBT Labs was an American company responsible for the safety testing of pharmaceuticals, pesticides and food additives, and supporting registration approval of these products by the US Food and Drug Administration (FDA). The company was founded in 1953 by an American professor and quickly gained a reputation for producing high-quality work at a reasonable price.


In 1966, IBT Labs was bought by another company and rapid expansion of the business followed. In 1976, an investigator from the FDA questioned the work being done by IBT Labs. Further investigation showed irregularities and suspected scientific misconduct in their work. Eventually, the company and three former officials were convicted of falsifying or altering the results of key product safety tests used to obtain approval for two popular pesticides and two commonly used drugs. The company was fined, and senior personnel were imprisoned.


Further investigation by the FDA showed that the problems at IBT Labs were not restricted to just this one company. There were some cases of fraud, but there was a more widespread problem of lack of organisation and poor management.


The FDA decided that the problem could only be dealt with by imposing regulations – the US GLP regulations. Soon after, everyone realised that there was a need for international agreement on GLP and this led the Organisation for Economic Co-operation and Development (OECD) to publish its ‘Principles of Good Laboratory Practice’ in 1982 based on the US GLP regulations. These became the international standard for GLP.





The main principles of GLP are:



	►  Resources: The structure and responsibilities of the organisation should be clearly defined and staffing levels should be sufficient to perform the required tests. Qualifications and training of staff should be documented. Facilities and equipment should also be sufficient and in working order. This is achieved by having a strict programme of qualification (ensuring it is fit for purpose), calibration and maintenance of all equipment.



	►  Rules: Research studies will usually have a study plan or protocol. Within this plan, routine procedures will be described in written SOPs.



	►  Characterisation: As much as possible should be known about the materials used (identity, purity and so on) and the test systems (usually the animal or plant) to which the materials are administered.



	►  Documentation: All raw data must be documented (written down) and a final report must describe the study accurately and interpret the results correctly. Records must be stored (archived) for many years so that they can be consulted in future if necessary.



	►  Quality assurance (QA): QA means that there will be a separate team of people who can assure the management that the laboratory has complied with GLP.







A2.8 The principles of good manufacturing practice





GLP is particularly important in research, development and testing. However, once a product has been developed and is ready to be manufactured on a large scale, the principles of good manufacturing practice (GMP) are used, ensuring that products:



	►  are of consistent high quality



	►  are appropriate for their intended use



	►  meet the requirements of the product specification.






One way to ensure the product meets the required specification is to analyse or test it (see ‘quality control’ in section A2.10). However, testing of the final product does not always identify or eliminate possible risks. GMP is designed to minimise the risks involved in any food, cosmetic or pharmaceutical production that cannot be eliminated by testing of the final product.


It is often said that there are ten principles (sometimes described as ‘golden rules’) of GMP:



	1    Write step-by-step operating procedures (SOPs).



	2    Ensure that SOPs are followed; over time, operators sometimes find their own ways of working or cut corners in ways that could harm the product or process.



	3    Document all work; if it is not written down, assume it is not done! An organisation cannot afford to look back at production records and find blank spaces.



	4    Validate all work; does the process or procedure do what it is intended to?



	5    Design and construct facilities and equipment that prioritise productivity, quality and safety.



	6    Maintain those facilities and equipment so that they go on performing as designed or expected.



	7    Define, develop and demonstrate the competence of those employees involved in the process.



	8    Protect against contamination, for example by incorporating cleaning, disinfection and decontamination processes into the workflow.



	9    Control components and processes; this might mean monitoring storage temperatures to ensure that they are sufficiently low, for example, or verifying that heat-treatment of a product is carried out at the correct temperature – neither too high nor too low.



	10  Carry out periodic audits to a planned schedule as a way of ensuring that GMP is being followed correctly. Any areas for improvement can be addressed before they can cause a problem with the product.








Reflect


Think about the principles of GLP and GMP.


Can you see similarities? What differences are there? Are you confident that you could identify situations where you would be following GLP and when you would follow GMP?






A2.9 The key principles of continuous improvement in relation to scientific tasks





You will see from the previous section that continuous improvement is an important part of GMP. This applies to all aspects of work in the science and health sectors. Rather than ask ‘what went wrong?’ or ‘who was to blame?’, it is more important to ask ‘how can we make things better?’ – ideally before anything does go wrong.



Reviewing costs


Continuous improvement is not just about avoiding problems with a product or process (although that is very important), it also has financial implications. Continuous improvement might mean using new reagents (substances used in chemical processes) or products to reduce the cost of a process. This can have widespread benefits if more money is available to spend elsewhere.



Standardising and optimising procedures


Standardising procedures means establishing a series of rules that are followed when carrying out a procedure, task or series of tasks. Standardisation is a key part of GLP and GMP, particularly in the use of SOPs. It can also make operations more efficient if the same or similar processes are carried out in the same way across all operations. Optimising procedures might mean using new technologies, or it might mean outsourcing to a specialist company that is better able to carry out some of the procedures – perhaps because it has specialist skills, already owns appropriate equipment or can offer economies of scale.



Using the evaluation cycle


Continuous improvement usually follows a pattern – the evaluation cycle.



	►  Plan: Identify potential problems and plan required improvements.



	►  Do: Implement potential solutions.



	►  Check: Analyse the results.



	►  Act: Review the solution and retest if necessary.







Capturing data at each stage of production


Remember the importance of capturing and recording data when following the principles of GLP? It is also an important part of continuous improvement. By measuring how effective a process is, we can identify opportunities for improvement. Of course, you have to be careful not just to focus on the aspects that are easiest to measure and miss the opportunity for more significant improvements elsewhere.



A2.10 The difference between quality assurance and quality control





We mentioned QA and QC as aspects of work undertaken in section A2.2. You will have seen QA mentioned as one of the main principles of GLP. QA is also central to the principles of GMP.



Quality assurance procedures


QA procedures are designed to prevent errors and defects in products or processes. It is nearly always cheaper and more effective to make something right in the first place rather than to have to rework (for example, purify) or remanufacture a product that does not meet specifications.



Quality control


QC focuses on the identification of errors and defects in completed products or processes. A product will ‘pass’ QC if it is tested and shown to meet the required specifications.


It does not matter whether it is a food or a medicine – you want to be sure that it will not contain any harmful contaminants or impurities before you consume or use it.


To summarise: QC will identify faults or problems after they happen, whereas QA focuses on consistency in the process to ensure that faults or problems do not happen in the first place.




Reflect


Which do you think is more important, QA or QC? Could you have one without the other?






A2.11 How organisations in the science sector ensure compliance with internal and external regulations





All organisations in the science and health sectors are subject to regulation. Some of these will be external regulations that relate to health, safety and protection of the environment, as described in Chapter A3. Others will affect organisations that have to work to GLP or GMP and these could be both internal and external regulations.


In either case, organisations must ensure that they and their employees comply with all the applicable regulations – failure to do so can have serious consequences. The case study in section A2.7 gives an example of just how serious the consequences can be. 



Ensuring that all individuals follow standard operating procedures


You have probably realised the importance of SOPs by now. The second principle of GMP (see section A2.8) is to ensure that SOPs are followed. One potential problem is that operators of manufacturing processes often find short cuts or easier ways of doing things. This can be a good thing if it is part of a process of continuous improvement. However, if operators deviate from an SOP, it can have serious consequences for the product or the process. It might even affect the safety of those carrying out the process.




Health and safety


Bear this in mind in your placement and throughout your working life: SOPs exist for a reason, and deviating from an SOP could have unforeseen and potentially dangerous consequences. Do not be tempted to cut corners, even if you see colleagues doing that.






Complying with requirements for internal and external audits


The tenth principle of GMP is the need to carry out regular audits of the process. This can help to ensure that SOPs are actually being followed, but it can also show areas where there is a need or opportunity for improvement. This type of audit will be internal, that is, carried out by and within the organisation.


Many organisations in the science and health sectors are subject to regulation by government bodies, such as the Medicines and Healthcare products Regulatory Agency (MHRA). These bodies carry out audits of the organisations that they are responsible for, and many of these are statutory – in other words, they are required by law. These are examples of external audits.


In highly regulated industries, such as chemicals and pharmaceuticals, there is often a legal requirement to report the results of internal audits to regulators such as the MHRA or the Health & Safety Executive.



Making sure that staff are adequately trained


Ignorance is not considered a defence against breaking the law. This is true of driving at 60 m.p.h. on a road with a 30 m.p.h. limit, but also of the laws and regulations that apply to organisations within the science and health sectors. Therefore, all good employers will take staff training seriously. Employees need to be familiar with how relevant legislation and regulations apply to their specific occupation.


There are also some occupations or functions within an organisation that must be licensed. An example of this is the qualified person (QP) in the pharmaceutical industry. The QP must be an experienced professional who certifies the release of every batch of product that is made. A QP must meet certain eligibility criteria and be registered with either the Royal Society of Chemistry, Royal Pharmaceutical Society or the Royal Society of Biology. Each organisation publishes a list of its members who are registered as QPs.



A2.12 How regulatory controls apply in different working environments within the science sector







Reflect


Think about a large pharmaceutical company and its different working environments. Here are some examples:



	►  a data scientist collating results from clinical trials



	►  a research technician working with highly infectious pathogens



	►  a chemical plant operator working with large volumes of hazardous chemicals



	►  a technician working in a facility that fills vials of vaccine under sterile conditions.






How would each of these individuals be exposed to different types of risk? How would this influence the regulatory controls that would apply to each of them?


These regulations, and their application, are covered in more detail in Chapters A3 and A4.






Type and level of required personal protective equipment


Section A3.2 makes clear that risks and hazards in the workplace must be minimised. An important principle is that all potential sources of risk or harm must be removed as much as possible. Only then should personal protective equipment (PPE) be used to protect against any remaining risk (if using PPE is appropriate). The nature of the risk and the extent to which it can be removed or minimised will vary according to the working environment. This is covered in more detail in Chapter A4. 



Standards of health and safety and housekeeping


While a data scientist may be able to work safely, if not quite so efficiently, with a cluttered desk, that is not the case with someone working in a lab or production environment. In those circumstances, clutter can be dangerous. It could mean that hazardous materials may not be stored correctly or may not be visible. Other hazards and risks may result from lack of attention to health and safety and good housekeeping. These aspects are covered in more detail in Chapter A3 (particularly section A3.3) and Chapter A4. Clearly, the standards will vary according to the working environment. These principles still apply in office settings. For example, clutter that spills from the desk onto the office floor can create a trip hazard, so there is still a need to maintain high standards in all working environments.



Requirements for mandatory training to comply with guidance or legislation, refreshed as required


The role of a QP was mentioned in section A2.11. Before a QP can become registered, they must meet minimum standards of education or training, as well as experience. They are also encouraged to undertake continual professional development (CPD); although this is not compulsory, it helps them to maintain their skills and knowledge.


The same applies in many roles in the science sector, particularly in highly regulated industries such as pharmaceuticals or chemicals.



Requirements for disposal of waste


If you live in an area where the local authority encourages recycling, you may be familiar with the need to separate paper, card, glass, plastics and so on, to reduce the amount of general waste that goes to landfill or incineration. Many organisations have similar practices. However, other types of waste require special handling, depending on the organisation. Examples include:



	►  clinical waste, such as used dressings, swabs and other items contaminated with bodily fluids



	►  human or animal tissue



	►  syringes, needles and other items classed as ‘sharps’ (for example, lancets, pipettes and scalpels)



	►  hazardous chemicals (flammable, corrosive or toxic)



	►  microbiology waste, such as culture media and Petri dishes, that might be contaminated with pathogens



	►  radioactive waste



	►  waste that can harm the environment.






All of these are covered by specific laws and regulations that must be followed. There is more detail about this in Chapter A4.



Requirements for health screening and inoculation


Some occupations may expose you to the risk of infection, for example by working with animals, pathogens, tissue or blood samples, or patients. In such cases you may be required to be vaccinated/inoculated to protect you against contracting a disease from workplace exposure.


Other health risks in the workplace might be due to exposure to harmful chemicals, irritant dusts or ionising radiation. Because of this, many organisations will have a policy of health screening where the health of at-risk employees is regularly monitored so that early action can be taken.



Controls specified within standard operating procedures


SOPs should always take account of the regulations that are applicable in a specific industry or occupation. Therefore, particular regulatory controls might be specified in an SOP. This might include the need for record keeping, for example, or testing of raw materials and intermediate or final products.



A2.13 Factors that may have an impact on the commercial activities of science organisations





We have covered some of the regulations that many companies must observe, such as operating to GLP and/or GMP. Chapters A3 and A4 cover laws around health and safety in more detail and most of these apply to all organisations.


Science-based organisations of all types, not just companies, may be involved in commercial activities (buying and selling products and services). These could be in areas such as:



	►  pharmaceuticals



	►  cosmetics



	►  manufacturing



	►  providing services to other organisations. 






We will consider some of the factors that could have an impact on these commercial activities here.



Government priorities/policies


Besides legal obligations, government priorities and policies can have a significant impact on commercial activities. We will consider the examples of food labelling and environmental policies.


Food labelling


The labelling of foodstuffs is governed by various regulations, mostly retained from EU regulations following Brexit. Some information must be included on the label, such as the weight or volume of the product, the ingredients list including any allergens, as well as the nutritional analysis (Figure 2.2). Some products must be labelled with a ‘use by’ date. Other types of information might be optional. However, whether the information on the label is there to meet a legal obligation or not, it must be accurate.
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▲  Figure 2.2 Food label showing the nutritional analysis; this is a legal requirement for most packaged foods






Food labelling is regulated in the UK by the Food Standards Agency (FSA). The FSA is a government department that has been set up as an independent watchdog working to protect public health and consumers’ wider interests in relation to food in England, Wales and Northern Ireland.


Some government policy is based on encouragement and other non-regulatory means of influencing food manufacturers and the general public. An example of this is the voluntary ‘traffic light’ system for highlighting nutrition information, usually on the front or side of food packaging. It is used by many supermarkets and food manufacturers to show whether a food contains high, medium or low amounts of fat, saturated fat, sugars and salt. It also tells you the number of calories and kilojoules in that particular product. Figure 2.3 shows an example of this.
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▲  Figure 2.3 Traffic light labelling system on a cereal packet




Environmental policies


The Environmental Protection Act 1990 (EPA) controls emissions and management of waste to reduce air, water and land pollution. There is more detail on the EPA in section A3.1.


In addition to this and related laws and regulations, the government has environmental policies encouraging companies and other organisations to reduce harm to the environment. Examples include:



	►  encouraging recycling



	►  encouraging reductions in energy use



	►  encouraging companies to reduce carbon emissions or reduce the carbon footprint of their products and services



	►  encouraging organisations to draw up an environmental policy.







Public perception and media influence


The COVID-19 pandemic provides many examples of how public perception and media influence have had an impact on companies, universities and the NHS.


Here are some examples, taken from the book Vaxxers by Professor Sarah Gilbert and Dr Catherine Green:



	►  Messages circulated on social media that the COVID-19 vaccines contained substances derived from pork or beef, making them unsuitable for Muslims or Hindus. This is not true. However, we tend to trust information from friends and often pass it on. It took social media campaigns to convince people that there was no basis for these claims.



	►  Many pregnant individuals were put off having the vaccine because it had not been tested during pregnancy. New drugs, including vaccines, are never tested on pregnant individuals until there is a great deal of evidence of safety in the non-pregnant population. Thus, in the early stages of vaccine roll-out, people who were pregnant were advised not to have the vaccine. Now that we have abundant evidence of the safety of COVID-19 vaccines in pregnancy, we can be confident that the very low risk of the vaccine is much less than the real risk of harm, particularly in the last three months. Nevertheless, the message took a long time to get through and many pregnant people continued to be reluctant to be vaccinated.



	►  A German newspaper published a story that erroneously stated that the AstraZeneca vaccine would not be licensed in the EU for use in over-65s because it was apparently ‘only 8% effective’ for this age group. That was incorrect and it is not clear where the figure came from, however it was repeated in other newspapers, and even the French President said that the vaccine ‘seems quasi-ineffective on people older than 65’. Nevertheless, the vaccine was approved the same day for use in all adults. Probably as a result of this publicity, there was a reluctance in some countries to give the AstraZeneca vaccine to older people and some older people refused it.








Reflect


If you were involved in the development of a COVID-19 vaccine, how would negative messages on social media affect your plans? What actions could you take?


If you were a member of management in the company mentioned, how would you expect these events to influence your actions?






Funding streams


Funding streams were covered in section A2.1. In that section we focused on grant funding of research or commercial funding (shares, loans and so on) of companies.


However, changes to private or public funding streams can have direct and indirect effects on companies and other science-based organisations. Governments, charities, investors and large companies can change the focus of their funding activities. Many great scientific advances have come from basic research that has no obvious application – sometimes called ‘curiosity-led’ or ‘blue skies’ research. However, in the last 30 years there has been a shift away from this type of basic research towards research with a more immediate commercial application. This has benefited some organisations, particularly companies providing services closer to the marketing of a product or service, at the expense of others (mostly universities and research institutes) that have traditionally been involved in more basic research. So, even if the overall level of funding is maintained, there may be winners and losers.



Availability of materials


According to the British Chambers of Commerce, 87% of production and manufacturing companies reported raw material price increases in the first quarter of 2021 because of COVID-19 and post-Brexit disruption.


Shipping containers also became hard to obtain in 2019–20, partly because they were not returned to Asia from other parts of the world during the coronavirus pandemic. As a result, supply lines were disrupted leading to shortages of raw materials, many of which are shipped on container ships from Asia to Europe.




Case study


Economic collapse caused by the global lockdown in 2020 meant that there was a huge fall in demand for crude oil. This led to crude oil prices plummeting, even becoming negative at one point (oil producers had to pay people to take their product). During 2021, demand remained low leading to cuts in production. Oil refineries throughout the world reduced or even stopped production. However, crude oil is not just a source of petrol and diesel and other fuel oils; it is the source of many starting materials or feedstocks for the chemical industry. Basic chemicals from crude oil are used in about 95% of all manufactured goods.


As a result of the reduced refinery output, there was a reduction in output of ethylene and propylene. These feedstocks are converted to ethylene oxide and propylene oxide, which are used in production of key products such as glycol and polyester. These are essential raw materials for many industries including the plastics, clothing, furnishing, automotive, agrochemical and pharmaceutical industries.





The weather can also affect the availability of raw materials. In February 2021, extremely low temperatures in the southern United States caused widespread power cuts. This led to the shutdown of many petrochemical plants, which meant that 80–85% of the US production of vital feedstocks such as polyethylene and polypropylene (the two most widely used plastics in the world) was temporarily lost. In addition, about 57% of US production capacity of PVC was taken out of action. These plastics are used in a wide range of industries, including medical devices, electronics, packaging and automotive, so the disruption was widespread.



Market demand


The demands of the market (what people want to buy) can have a significant effect on the commercial activities of companies and other organisations in the science sector. There are obvious examples of this in the food sector, but there are also many ways in which the demands of the market influence development in science-based industries.




Case study


Until the early 1970s, most eggs sold in the UK had white shells. By the end of that decade almost all the eggs sold in supermarkets were brown. Consumers had begun to view brown eggs as being healthier than white eggs, in the way that brown bread was seen as healthier than white bread. In fact, the nutritional value of eggs is not related to shell colour.





In January 2021, the non-profit organisation Veganuary (veganuary.com) reported that more than 500 000 people had pledged to eat only vegan food during the month of January. There has been a significant increase in the availability and sales of vegan foods in UK supermarkets. In January 2019, Greggs launched their vegan sausage roll following an online petition signed by more than 20 000 people and saw an immediate increase in overall sales.


Essentially, market demand (what people want to buy) can lead to new or improved products becoming available. Here are some more examples:



	►  Demand for increased battery life in products as diverse as smartphones and electric vehicles has led to advances in battery technology.



	►  Increased demand for organic produce has led to an increase in the amount of organic produce grown, as well as to developments in intensive production of organic fruit and vegetables, particularly in the Netherlands.



	►  Demand for more environmentally friendly products has led to an increase in the use of ‘green chemistry’ (using processes that are less harmful to the environment) and the replacement of plastics or man-made fibres with natural products such as bamboo.







Cost-effectiveness


The National Institute for Health and Care Excellence (NICE) is responsible for providing evidence-based guidance and advice for health, public health and social care practitioners in the UK. However, you are most likely to have heard about NICE in news items about new drugs, because the appraisal of a new drug or treatment by NICE will determine whether or not it is available on the NHS. One of the criteria that NICE uses is cost-effectiveness. This takes account of the cost of the drug or treatment, the cost of medical staff involved in administering it, and the likelihood and cost of managing any side effects. This is then balanced against the benefits to the length and quality of life as a result of the drug or treatment. If NICE does not give its approval to a drug or treatment, it may still be available through a private healthcare practitioner, but it has to be paid for rather than being available on the NHS.




Reflect


Do you think that cost-effectiveness should be taken into account when approving a new drug? It might be possible to work out all the costs of administering a new drug, but how would you work out the benefits? NICE uses a measurement called the quality-adjusted life year (QALY) to work out the cost of giving an extra year of healthy life. NICE aims for a cost of less than £20 000–£30 000 per QALY when approving a new drug, although this might be doubled for end-of-life drugs; the view is that, at the end of life, a small amount of extra time can be very precious for patients and families.


Do you think a price can be put on life in this way? What are the alternatives?





Companies and other organisations must also consider cost-effectiveness, for example when planning new products or services. They have to account for the cost of research, development and production, and balance this against the value of the product, for example in increased sales.



Environmental concerns


We looked at how government policies on the environment can have an impact on commercial activities. However, environmental concerns can have a wider impact on companies. This might be driven by the demands of customers or public opinion, but it is leading companies to address environmental concerns as part of their daily operations.


Examples include:



	►  Reducing waste: This usually has the added benefit of reducing costs, particularly as the cost of waste disposal is increasing. Wasteful processes mean that companies pay twice: once for the materials that are not used, and again to dispose of them. Other ways in which companies are reducing waste include reducing packaging or moving to reusable packaging, drinks bottles and cups, and so on.



	►  Reducing the carbon footprint of the business: The carbon footprint of a product or activity is the sum of all the emissions of carbon dioxide associated with that product or activity, usually expressed in kg or tonnes of carbon dioxide. To calculate the carbon footprint, you have to take account of any carbon dioxide emissions in the production process (direct carbon emissions) as well as the emissions associated with obtaining and transporting the raw materials and finished product (indirect carbon emissions).



	►  Ensuring sustainable use of resources: This is leading to increased use of renewable energy sources, such as wind power. It is also driving the switch towards increased use of biofuels, such as E10 petrol, which contains up to 10% bioethanol (produced from plant sources).








Reflect


Demand for electric vehicles (to reduce carbon emissions) has increased the demand for minerals such as cobalt, which is used in lithium-ion batteries. However, the main source of cobalt is the Democratic Republic of Congo (DRC), where a number of ethical issues such as child worker exploitation and other human rights concerns have been reported.


Think about the move towards renewable and sustainable forms of energy and raw materials – are they always good, or are there some downsides?






A2.14 The importance and impact of innovation in the science sector





Innovation is central to the science and health sectors. It is an area that depends on continually finding new products, services, processes and technologies.



Fosters economic development


Innovation can increase the size of the economy. For example, development of genetically modified crops can increase yields or improve the nutritional value of the food. It can also reduce the need for expensive herbicides and pesticides.



Solves large-scale problems


Global warming is described as an existential threat to humanity – meaning that it could lead to the extinction of humans if it is not addressed. That is about as large-scale a problem as you can get!


One way of tackling global warming is to switch away from burning fossil fuels as an energy source towards alternative energy sources, such as wave, wind or solar power. Technological improvements have reduced the cost of wind power so much that the cost of power generation by onshore wind farms is now lower per unit of electricity than power generation by burning coal or gas. However, wind power has one main disadvantage – the wind does not always blow, which means that it is not always a reliable source of power. This has stimulated the need for improved batteries and other novel forms of energy storage; this is an area where there are good opportunities for innovation.



Improves healthcare


The single most cost-effective contribution to reducing death and disease in the last two hundred years is probably the widespread availability of vaccines. The impact of innovation was clear during the COVID-19 pandemic when several vaccines, using different vaccine technologies, were developed and licensed for use within a year of the SARS-CoV-2 gene sequence becoming available. Almost as important as the scientific innovation was the fact that those involved in the development, testing and licensing of the vaccine took an innovative approach that achieved in one year what normally takes ten years, without any compromise in safety.


Another area of innovation has been in diagnosis. The efficiency of diagnosis has been improved through the use of innovative techniques such as:



	►  artificial intelligence (AI) and machine learning



	►  improvements in genomic sequencing, allowing the development of new diagnostics and treatments, for example the RT-PCR test for diagnosing COVID-19



	►  genetic tests to personalise treatments, such as those used in cancer therapy; these tests can look for particular alleles that are associated with certain diseases or show whether a patient will respond to a particular drug or not.






See section A5.5 for more on AI and machine learning.


See section B1.18 for more on alleles.



Develops new products


Scientific innovation has led to the development of many new drugs for the treatment of a wide range of diseases.




Reflect


Developing a new drug is an extremely expensive business and can take many years. Partly because of this, it requires the huge resources that only governments or large pharmaceutical companies (‘big pharma’) have available. Pharmaceutical companies tend to be relatively conservative – the risk of failure can be very high and they have shareholders to account to, so they do not invest their money in everything. For this reason, big pharma tends to focus on diseases of the developed world, such as cancer, cardiovascular disease and respiratory diseases, where there is a large and predictable demand. Many new drugs are also ‘me too’ drugs – slight improvements on existing drugs – rather than ground-breaking innovation.


Another consequence is that big pharma tends to focus on treatment (so that a drug will continue to be sold) rather than cure (where a drug is only sold once).


Do you think that governments should play a larger role in development of new drugs? Does big pharma need to be more regulated, or would that stifle innovation?





There are many examples of innovation outside of the pharmaceutical industry. One of these is the development of nanomaterials, such as graphene. Graphene is made of a single layer of carbon atoms where each atom is covalently bonded to three other carbons. This leaves one electron for each ‘left over’ and these electrons become delocalised, giving graphene interesting electrical properties. Graphene is a transparent and flexible electrical conductor. This makes it suitable for use in solar cells, LEDs, touch panels, smart windows (that can regulate the amount of light entering a room) and touchscreens on mobile phones. Fullerenes are spherical or cylindrical forms of carbon (think of graphene formed into spheres or rolled into tubes). ‘Buckyballs’ such as the 60-carbon buckminsterfullerene can be used in medicine for drug delivery by trapping a drug inside the sphere until it is delivered to the site of action. Cylindrical fullerenes are known as carbon nanotubes and are used in high performance composite materials (see section B1.33) such as carbon fibre. They are also electrical conductors, making them useful in electronic applications.


See section B1.33 for more on composite materials.



Enables new scientific discoveries


Innovation is the basis of new scientific discoveries, some recent examples being:



	►  Genome editing, where systems such as CRISPR-Cas9 can be used as a form of molecular ‘cut and paste’, removing and replacing bases in DNA. This technique is being used to develop treatments for inherited diseases such as cystic fibrosis.



	►  Bioinformatics, which is the use of huge databases of protein and DNA sequences to investigate the molecular basis of disease, help design new drugs and understand how organisms are related and how they evolved.



	►  Computational biology, which takes bioinformatics as a starting point and then uses the principles of AI and machine learning to develop algorithms or models that help in our understanding of highly complex biological systems.



	►  Nanoscience, the science of very small particles the size of a few hundred atoms, has enabled the development of novel catalysts, new composite materials (such as carbon fibre), new methods of drug delivery and novel electronic materials. Coating metal nanoparticles with DNA allows them to self-assemble into larger structures that have novel properties.



	►  The Large Hadron Collider (LHC) is the world’s largest and highest-energy particle collider. In 2012 it observed a new particle that was later confirmed to be the Higgs boson. The Higgs boson is the particle that gives mass to all other particles. This forms the basis of the Standard Model, which describes the origin of the weak nuclear force and the electromagnetic force. 
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