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This advice and guidance has been produced to support the profession with the delivery of courses which are either new or which have aspects of significant change within the new national qualifications (NQ) framework.

The advice and guidance provides suggestions on approaches to learning and teaching. Practitioners are encouraged to draw on the materials for their own part of their continuing professional development in introducing new national qualifications in ways that match the needs of learners. 

Practitioners should also refer to the course and unit specifications and support notes which have been issued by the Scottish Qualifications Authority.
http://www.sqa.org.uk/sqa/34714.html
Acknowledgement

© Crown copyright 2012. You may re-use this information (excluding logos) free of charge in any format or medium, under the terms of the Open Government Licence. To view this licence, visit http://www.nationalarchives.gov.uk/doc/open-government-licence/ or e-mail: psi@nationalarchives.gsi.gov.uk. 

Where we have identified any third party copyright information you will need to obtain permission from the copyright holders concerned. 

Any enquiries regarding this document/publication should be sent to us at enquiries@educationscotland.gov.uk.

This document is also available from our website at www.educationscotland.gov.uk.
Contents

Planning for learning and teaching: food security
4
Introduction: Setting the scene in a Scottish context
6
Curriculum for Excellence
7
Sustainability
9
Learning in demand 
11
Food security
12
Food miles
17
Food waste
18
What is the impact on us?
19
Exemplification of learning and teaching
21
Further research
26
Skills for learning, skills for life and skills for work
27
Planning for learning and teaching: food security

This advice and guidance is intended for use by practitioners. It is non-mandatory. It is anticipated that practitioners will be creative and innovative in planning approaches to meeting the needs of learners. This advice and guidance should be used in a reflective and selective manner. 

Reflective questions for learners are provided to aid practitioners in planning learning and teaching to meet the needs of learners. These questions are intended for practitioners’ use in the identification of big issues, consideration of which underpins the learning and teaching for this context. In many cases, investigative work and inquiry-based practical learning will supplement the learning and teaching described here. 

This advice and guidance suggests a context for learning and ideas for learning and teaching offering opportunities to prepare learners in the following mandatory course key areas
Biology (National 5)

Life on Earth: Food security and ethical issues 

· Food production and ethical issues, including increasing food yield through genetically modified (GM) crops, monoculture, intensive farming and overfishing 

· Function and effects of natural and artificial fertilisers and pesticides 

· Indicator species in relation to pollution, food stocks, resources and conservation issues 

· Biological control and farming practices as alternatives to pesticides for intensive farming 

Cell Biology: DNA, production of proteins and genetic engineering

· Transfer of genetic information and genetic engineering.
By inclusion of appropriate investigative work and skills for learning, life and work, the food security context could also offer opportunities to undertake learning associated with:
Mandatory course key areas ‘Impact of population growth and natural hazards on biodiversity’, ‘Fertiliser design’ and ‘Environmental impact of fertilisers’ for the Added Value Unit of National 4 Biology.
Mandatory course key area ‘Fragile earth food’ for the Added Value Unit of National 4 Science
There are opportunities for using this as a context for learning in other curriculum areas, eg:
Geography: It may be possible to consider global famine and relate it to environmental conditions in a particular area. The effects of intensive farming, crop rotation and other agricultural practices on land quality may also be investigated in conjunction with geography.

Modern Studies (Politics of aid and development): The ethics regarding the provision of food aid to developing countries affected by famine, including the sending of GM food aid by the USA to Zambia in 2002. 

Africa Renewal: Controversy Rages over GM Food Aid
BBC: Famine and the GM Debate 

Greenpeace: USAID and GM Food Aid
Chemistry: The components and function of fertilisers is one which may also be studied in both chemistry and biology. Studies have shown that the use of traditional and modern organic farming methods can improve food security and crop yields significantly.

Institute of Science in Society: United Nations Food and Agriculture Organisation (FAO) Report Promotes Organic Agriculture
United Nations Conference on Trade and Development
United Nations Conference on Trade and Development: Organic Agriculture and Food Security in Africa
Introduction: Setting the scene in a Scottish context
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As the world’s population increases, demand for food across the globe continues to rise. The divide between sufficient and insufficient nutrition between the developed and developing countries continues to prove significant. Nearly a billion people currently don't have enough to eat and by 2030, 40% more food is expected to be required by the human population. Demand for water for agriculture could rise by over 30% by 2030 and global energy demand is expected to double. 

According to a UK government investigation, our Earth cannot continue to sustain us given our current rate of growth and pressure on resources. Scientists are working to develop ways to protect our planet and precious resources whilst meeting the needs of the population. An excellent example of this is The James Hutton Institute, based in Aberdeen and Dundee, which employs over 600 staff and controls a budget of over £30 million in the field of land use and crop research, including genetic modification. It is one of the biggest institutes of its type in Europe and aims to be a world leader in agriculture and environmental science. The James Hutton Institute has an excellent video introduction to some of the concerns regarding sustainability and Scotland. This can be found at http://www.hutton.ac.uk/. 

Research carried out at the world renowned Moredun Foundation and Moredun Research Institute based in Penicuik, near Edinburgh, also contributes to providing a safe and sustainable food supply for Scotland, the UK and worldwide. 
Return to index
Curriculum for Excellence 

Curriculum for Excellence supports the development of relevant careers skills in many ways:
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· The driving force behind Curriculum for Excellence is that it is a curriculum for learning, life and work, and it should fully equip learners with the skills, knowledge and confidence to thrive and succeed in the increasingly globalised world of the 21st century.
· The development of skills within learners is at the heart of Curriculum for Excellence in recognition of the fact that in a fast-changing world, skills will allow learners to adapt to changing circumstances and are the key to success. These include the entire spectrum of skills from leadership to interpersonal skills to career management skills. Building the Curriculum 4 gives further information about the importance of skills within Curriculum for Excellence and how they have been embedded within the experiences and outcomes for all learners, from which the skills within the learning for National 5 should progress. The Skills for Learning, Skills for Life and Skills for Work Framework will also aid your planning to meet the needs of learners.
· Interdisciplinary learning is a key aspect of Curriculum for Excellence and creates an exciting space for schools to develop rich learning experiences that build upon the strengths and expertise within different disciplines. Topics such food security can be used as complex themes for interdisciplinary learning or taught within the biology context to link with wider learning. These also offer excellent vehicles for learners to develop higher-order thinking skills and prepare learners for the life of work, where interdisciplinary approaches to complex tasks are often the norm.
· Curriculum for Excellence encourages approaches to learning that are motivational, fun, relevant, challenging and, importantly, develop the skills of learners. Such approaches to learning include co-operative, active, collaborative and outdoor learning.

There are many ways in which this learning journey can develop, and you will know best how to plan learning and teaching that meets the needs of your learners. By planning opportunities for skills development in context you may find that the learners’ interests, strengths, prior learning and locality, as well as local, national and global events, lend themselves to progressing learning in different ways from the suggestions within this advice and guidance. Ideas for learning and teaching can be adapted to allow development and application of skills for learning, life and work, or to incorporate ICT and take account of a range of learners’ needs. 

Glow provides an opportunity for learners to work together across geographical areas.
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Sustainability 
Sustainable development education and the development of learners as global citizens are key themes across learning within Curriculum for Excellence, ensuring that learners explore in-depth themes relating to energy use, the environment, climate change, sustainable lifestyles and the impact of humankind on the planet and its eco-systems.

The World Wildlife Fund (WWF) report ‘Learning for Sustainability in Schools: Effective Pedagogy’ (2010) in its conclusions (page 20) identifies the pedagogical approaches common to schools practising effective learning for sustainability.

Why use learning for sustainability with your learners? What is sustainability anyway?

Our planet can no longer sustain the demands humanity is making on its natural resources, and the way those resources are controlled and shared has led to inequality and injustice. As we move further into the 21st century, dealing with these issues will become ever more urgent. In preparing our young people for life beyond school, we’ll need to equip them to deal with these unprecedented challenges.’
WWF ‘Learning for Sustainability in Schools: Effective Pedagogy’ Report 2010

Idea for learning and teaching to explore understanding of sustainability
· The Glow Science mind-mapping tool can be searched by the key word ‘sustainability’, providing images to prompt discussion among learners.

· Use a search engine such as Google to search on the word ‘sustainability’ and discuss the information found with a focus on identifying quality information via the web. This can allow opportunities to develop skills in evaluating information.

· Consider four defined areas of sustainability and consider which of these might impact on our food security:

ecological sustainability: protecting biological diversity, species and eco-systems

economical sustainability: ensuring economic activity is stable and balanced, and respects the fact that the Earth’s resources are finite

social sustainability: enabling all people of the world to have a quality of life that respects their human dignity and ensures that their rights to nutrition, health, wellbeing, education and freedom are met

cultural sustainability: recognising that our communities and world are enriched by a diversity of peoples, languages, traditions, knowledge and beliefs.

· Consider the Think Tank Report ‘Food Security: The Role for Scottish Government in Ensuring Continuity of Food Supply to and within Scotland and access to Affordable Food’. Do the issues identified agree with, add to or conflict with the learner’s thinking formed as a result of his/her discussions around sustainability?

· 2012 is the year of the Rio+20 United Nations Conference on Sustainable Development. This is the follow-up to the 1992 United Nations Earth Summit in Rio. This conference and its outcomes are likely to be a rich source of media coverage and opportunities for discussion about the global sustainability agenda.

· The Food and Agriculture Organization (FAO) of the United Nations celebrates World Food Day each year on 16 October, the day on which the FAO was founded in 1945. Exploring the objectives of World Food Day may lend itself to identifying areas to support learning and teaching relevant to learners. 
· For learners who are studying the topic of energy security elsewhere within their learning, there are rich opportunities to explore the interdependence of energy security and food security.

· Using the reflective questions for the learner (below) before and after the activities will give opportunities to explore prior learning and develop understanding. The ideas for learning and teaching lend themselves to developing a learner’s skills in summarising and processing information, and expressing his/her understanding in his/her own words. 

Reflective questions for learners
· How do you anticipate your life will be different by 2020 or 2050 as a result of the need to ensure sustainable lifestyles and the pressures relating to global and national food security?

· What are the potential consequences of the failure to establish sustainable agriculture?
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Learning in demand
Biotechnology contributes significantly to the Scottish economy as it continues to develop alternative solutions to global health and disease issues in particular. It has been suggested that synthetic biology will become the fastest growing segment in biotechnology, leading to significant company formation and job creation. Within biotechnology companies, and employers such as The James Hutton Institute, a wide range of vacancies exist, such as that of soil, plant, water and animal behavioural scientists, geneticists, geographers, crop pathologists, socio-economists and IT specialists.

World of Work Online includes videos about a range of job roles relevant to this learning context. One such video contains information on the role of a food technologist. The food and drink industry is the UK’s largest single manufacturing sector (Global Food Security, February 2012).
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Food security
According to the UN FAO, food security exists when all people, at all times, have physical, social and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life. Food security also covers an assured ability to acquire acceptable foods in socially acceptable ways (that is, without resorting to emergency food supplies, scavenging, stealing or other coping strategies).

The World Health Organization (WHO) has an expanded definition of food security and a short video called ‘The Food Security Challenge’ is available on the Global Food Security website. 
The Chatham House Report ‘The Feeding of the Nine Billion: Global Food Security for the 21st Century’ (January 2009), referenced in ‘Food Affordability, Access and Security: Their Implications for Scotland’s Food Policy – A Report by Work Stream 5 of the Scottish Government’s Food Forum’, indicates seven fundamental pressures that affect global food prices and food production, and therefore food security:
· Population: Increased demand from a rapidly rising world population with estimates of nine billion people by 2050 with 95% of the population growth in developing countries.
· Diet: The effect of ‘nutrition translation’. As a country becomes more affluent there is a shift away from traditional foods (eg crop-based) to an increasing consumption of meat and dairy products and refined and processed foods. This results in an increased demand for animal feed, water and grazing land, and is projected to continue to cause pressure on world food and feed crop prices.

· Energy: The energy dependence of current systems, and related factors such as policies to reduce energy consumption, links to fertilisers, transport costs and biofuels.
· Land: The potential to increase the amount of land available to agriculture is limited, which suggests that output per hectare would need to be increased to meet the rise in population. There are a number of factors that this relies on (eg quality of soil, skilled labour) which are a cause for concern.

· Water: Increased global stresses on available water for human consumption relating to demand from an increased population, change in diet, reliance in some instances on non-sustainable sources and predictions for climate change.

· Climate change: The effects on crops already attributed to climate change include falling yields changes and the spread of crop disease. These effects are expected to continue and in some cases get worse. Predictions are that world agricultural GDP output will decline by 16% by 2020.

· Labour: Increased urbanisation is resulting in a decreased rural population able to produce primary produce. Other factors include suggestions that agriculture is not sustainable while it relies on poorly paid workers in temporary employment.

Reflective questions for learners
· How many people are involved in food production in the UK compared to 10 years ago? What is happening to the amount of food we produce in the UK? Suggest a reason for this.
· Consider what you buy in your weekly grocery shop. Where does the food come from? What if this food were unavailable? How would you fill that gap?

· Cheap food and special offers – is food too cheap to be secure?

· Seasonality – what is meant by this? How do we get food ‘out of season’? Are there implications for food security?

· Some sources suggest that there is sufficient capacity to grow enough food to feed the planet’s population, so why is malnutrition an issue? Consider issues such as the quality of food available to significant parts of the world.
· The Chatham House Report ‘The Feeding of the Nine Billion: Global Food Security for the 21st Century’ (January 2009) indicates seven fundamental pressures which affect global food prices and food production, and therefore food security. What might these pressures be? 
Ideas to explore with learners: perspectives on the world’s food
This could form the basis for structured discussion tasks, scientific literacy regarding reporting of scientific issues or ethical issues regarding the technological development and control of food production. It could also be used as an opportunity to develop skills in reading for information or as an introduction to exploring the scientific underpinning to develop learners’ understanding of ethical issues such as the risks and benefits of pesticide use, and the relationship between pesticides and individuals’ health. The reflective questions may form the basis of a starter for the context, to be revisited to assess the progression in learners’ understanding. For this purpose, it can be 
useful to capture where learners are in their learning at various points in the learning journey, eg via blogging or podcasting.
Multinational companies like Monsanto are major international players in seed production. They have genetically engineered many varieties which they claim to be drought and pest resistant, and to improve crop yields. The Citizenship Foundation provides a useful summary of the issues associated with GM crops.
Reflective questions for learners
· What are the potential implications of developing seeds that are genetically engineered to be drought and pest resistant? 
· What is meant by crop yield? 
· What is the evidence which supports the claim that genetically engineered seeds provide a greater crop yield? 
Multinational companies invest millions in research and development. Once they have sold the first batch of seeds their invention is out in the world and farmers can save seeds from harvest and replant the following year. Read about the food security issues faced by farmers in developing countries, such as Malawi, and the partnerships between Scotland and Malawi with funding from the Scottish Government’s International Development Fund. 
Reflective questions for learners
· Why would the farmers want to save seeds from their harvest and replant? What issues might this present for the company that has spent money on research and development?

Some companies propose to engineer a terminator gene into seeds. This means that the seed becomes sterile after a single harvest, therefore the farmers must return each year to buy more seed, and the investment of the multinational company is protected. This is enforced by the World Trade Organization and through global enforcement of intellectual property rights. 

Reflective questions for learners
· What are your thoughts on the use of the terminator gene? Consider what the issues might be from the point of view of the multinational company and from the viewpoint of farmers in developing nations. There are a range of video clips available via the internet that might help you to understand some of the issues from different perspectives. 

· In 1999, Monsanto announced that they would not use their terminator gene commercially. Over the last 10–15 years, have such developments in genetic modification remained in the research laboratory or have they become part of the world’s food supply chain? 
· What would happen if the terminator seed got into the food supply generally? Do we really know how to control this type of technology?

· What are the issues which might affect global food security if non-GM crops become contaminated with GM crops?

Multinational companies also ensure that they recoup their research and development costs by genetically engineering their seeds to be activated when fields are sprayed with their round-up ready pesticide. This means that farmers buying seeds from that company must also buy the company’s other products to activate the seeds.

Reflective question for learners
· Are pesticides good or bad for food security?
In some Indian states there have been attempts by multinational companies to introduce legislation in partnership with state governments to outlaw the sale of local seed varieties. Local seed varieties have adapted to local weather and climate over centuries, and often have natural resistance to local pests. Some international companies have been accused of what is known as ‘biopiracy’ in India.

Reflective question for learners
· Multinationals claim that GM crops have the potential to feed the world’s increasing population. Can traditional and sustainable organic farming techniques (eg composting, crop rotation, crop diversification, soil conservation, rip ploughing) also play a part in food security?
Further information on the role of GM crops in food security can be found on the Friends of the Earth and Oxfam websites. The following links provide further information about the role of organic farming methods in improving food security:
Institute of Science in Society article regarding the UN FAO report ‘Organic Agriculture and Food Security’.

United Nations Conference on Trade and Development article on Sustaining African Agriculture
United Nations Conference on Trade and Development Report on Organic Agriculture and Food Security in Africa
Learners could explore similar questions in relation to other GM crops, eg the super kernel basmati rice patented by Ricetek International. 
TED Talks: Ideas Worth Spreading includes over 20 short videos with engaging speakers discussing different aspects of food and food security, eg Louise Fresco shows us why we should celebrate supermarket, mass-produced bread as sustainable mass production will feed the world. 
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Food miles
The topic of food miles offers opportunities for the development of numeracy skills, including drawing conclusion from data. House of Commons Library Note SN/SC/4984 provides information on the concept of food miles, a term originally coined by Professor Tim Lang, Professor of Food Policy, City University, London in 2005. An appropriate treatment could allow learners to understand that the original idea of buying local to reduce food miles may not be quite the simple solution first envisaged. Such an activity could be designed for learners to overtake the SCQF 4 skills appropriate to National 4 Science or National 4 Biology. A short video from the Science Museum, ‘How to Save the Planet and Be Cool’, could provide an introduction to this area of work.
Return to index
Food waste
Ideas for learning and teaching
One impact on life might be that food scarcity and rising costs lead to less food waste. Love Food Hate Waste estimates that we throw away 7.2 million tonnes of food from our homes every year in the UK. This area would lend itself to development of numeracy skills appropriate to SCQF 4 skills appropriate to National 4 Science.

The Love Food Hate Waste website contains information that might provide a good starting point for learners to explore issues around food waste in their everyday lives, including financial costs and volumes of waste. Learners may identify strategies or an action plan for reducing food waste that could be shared with others in the school or community to help educate them about food waste and its financial and environmental impact.

Eco-Schools Scotland have produced a new topic giving schools the chance to learn about food and the environment. The Eco-Schools Scotland website contains useful information on food waste and other food-related issues.

Making sure food is good enough to eat is a 5-minute video that explores the science associated with reducing food losses and improving quality and food safety. 

Reflective questions for learners
· Why is food waste an issue? What are the impacts of food waste on you, your family/carers and your community, and on a national or global scale? 
Return to index
What is the impact on us?

Ideas for learning and teaching
How do learners view food security? Do they consider it something that is likely to make a difference to them or their lives?

The House of Commons Library Standard Note SN/SC/4985 ‘Food Security – UK Policy’ notes:
The Russian ban on wheat exports as a result of a drought in 2010 has raised concerns again. The Pakistan floods in 2010 are likely to create serious food supply problems in that area. Floods in Australia may reduce their harvest. Droughts in China could end six years of increasing crops. All these events are probably caused by climate change, although La Niña has also been important. 

In October 2010 food prices returned to the exceptionally high levels last seen in the 2007/8 crisis. Since then they have continued to increase. 

The Foresight Report, January 2011 stresses the enormous scale of the problem.
(Food prices)...increased by nearly two thirds between January 2007 and June 2008. This was related to dramatic increases in oil prices.
Reflective questions for learners
· Is the issue of food security, and its links with energy security, impacting on your life already? Do you anticipate that it might impact in the future? Which members of our community or society are likely to be most vulnerable to increasing food prices?

The House of Commons Library Standard Note SN/SC/4985 ‘Food Security – UK Policy’ also quotes from an article in The Guardian in 2009 where the Chief Government Scientific Adviser Sir John Beddington stressed the ‘severity of the problem’:
A ‘perfect storm’ of food shortages, scarce water and insufficient energy resources threaten to unleash public unrest, cross-border conflicts and mass migration as people flee from the worst affected regions...Our food reserves are at a 50-year low, but by 2030 we need to be producing 50% more food. At the same time, we will need 50% more energy, and 30% more fresh water.
http://www.guardian.co.uk/science/2009/mar/18/perfect-storm-john-beddington-energy-food-climate
Reflective questions for learners
· Consider your answers to the previous questions, in the light of this additional information.
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Exemplification of learning and teaching
The topic of genetic modification could be introduced to learners using the Glow Science videos found under Biology → Cells and DNA → Using Genetics.

You choose the news is an interactive learning tool developed by The James Hutton Institute, adapted from a game originally designed by members of staff at the Glasgow Science Centre to address the issue of STEM cells.

This structured activity presents learners with a number of video clips representing a wide range of opinions from GM scientists, traditional farmers, GM farmers, news reporters and members of the public. Learners then select clips and the order in which those clips are presented to produce a balanced news article. 
The final clip included should be a short summary made by the learner or learners, allowing them to communicate their views and the justification for those views to the class. To develop a depth of understanding, learners could develop a role-play scenario within a group, with individual roles of script writer, interviewer, interviewee and presenter. 
The final role-play clip could be presented to the rest of the learners. This would give each learner the opportunity to hear the viewpoints and justifications, and to summarise the overall picture of the advantages and disadvantages mentioned regarding pesticides and GM crops.

The following protocol describes an experiment to genetically engineer bacteria to produce a fluorescence protein. This experimental work can be used in conjunction with learning, exploring the ethical issues involved with genetic engineering, to deepen understanding of the future role of genetic engineering in society. This links closely to the work of the University of Edinburgh’s Roslin Institute, which is both cutting edge and controversial; researchers at the Roslin Institute used jellyfish genes to modify chicken DNA to advance studies of early embryo development. 
This protocol is a simplified version of genetically engineering bacteria (E. coli K12 HB101) to fluoresce. It remains a complex procedure that requires a significant period of learning time. It should be noted that a practitioner or technician trained to level 3 is required in order to dispose of the plates safely. SSERC Safety Net CD should be consulted for further information regarding risk assessments and safety. Careful planning by the practitioner will be necessary prior to using this protocol with learners. 

The bacterial plasmid discussed here is supplied by a commercial company, having already been inserted with a gene for green fluorescence (GFP) originating from a jellyfish. There is more than one company supplying such bacterial plasmid. Learners are required to insert the plasmid into the bacteria, stimulate gene activation and subsequently culture the bacteria. As a result, with UV light it should be possible to observe the bacteria fluoresce. 

Resources: internet, projector, statement cards, p-Glo refill pack (code 166-0555EDU), incubator, stopwatch, crushed ice, disposal jar containing disinfectant at an appropriate concentration, 1% bleach solution, sterile micropipettes and tips, agar plates, 2 ml sterile micro test-tubes, Petri dishes, nutrient agar, sterile inoculation loops, marker pen, sellotape, lab coats, eye protection.
Before starting, the bacteria must be rehydrated and streaked out onto nutrient agar dishes, then left overnight at 37°C. The LB/AMP/ARA plates must also be prepared according to the instructions given in the kit.

It may be useful to introduce the process of genetic engineering using an animation or video clip, eg the HHMI clip on genetic engineering or the ABPI Genetic engineering animation.
The protocol is as follows:
1. Using a micropipette, add 250 µl of transformation solution to one micro test-tube.

2. Using a sterile inoculating loop, transfer a colony of the E. coli from the Petri dish into the micro test-tube and then leave the micro test-tube in ice for 15 minutes.
3. Prepare the pGlo plasmid: add 250 µl of transformation solution to the bottle of plasmid.

4. Add a loopful of the plasmid to the micro test-tube and place it back on ice for 10 minutes.

5. Place the micro test-tube in a water-bath at 42°C for exactly 50 seconds.

6. Place the micro test-tube on ice again for 2 minutes.

7. Add 250 µl of Luria broth and incubate at room temperature for 10 minutes.

8. Take 100 µl of culture from the micro test-tube to the LB/AMP/ARA plates and gently swirl.

9. Seal dishes with sellotape and incubate at 30°C for up to 48 hours. 

10. Check culture with a UV lamp to observe fluorescence.

The Roslin Institute’s website contains useful resources for planning learning and teaching, including questions and answers on the genetic modification of chickens that don’t transmit bird flu. This and the Roslin Institute’s document ‘Why is our work important?’ could be used when considering the role of genetic engineering in food security.

This experimental work and the potential benefits of genetic engineering could be linked to, for example, sickle cell anaemia. Pamela’s story highlights the treatment Pamela currently receives for this condition. It may be that in the future this and other genetic conditions could be overcome by identification of a deficient gene and replacement with a correctly functioning one. 
The next idea for learning and teaching brings together the consideration of genetic engineering for food security and for health and disease. Bringing these together offers an additional dimension to the pros and cons debate.
A series of statements which envisage the world 10 years hence should be prepared. Some ideas for this are given below. An idea for this discussion is to lay statements at ‘stations’ around the room, allowing learners to move between stations in groups, with a set time to consider and discuss each statement. 

Ideas for statements

· You can now be told in advance that you are more likely to die from a certain disease.

· By identifying people who carry defective genes early on, a problem gene can be replaced with a functioning gene, thus improving health.

· Genetic engineering can be used to improve people’s looks and intelligence.

· There are not enough organ donors to supply the world’s needs. Genes can be inserted into certain animals to grow human organs for transplant into humans. 

· Companies can patent the process of genetic engineering to make profits from selling the technology to health companies or the NHS.

· Human embryos can be cloned (copied) for research purposes in order to improve our knowledge of human development and disease.

· People can be tested to see whether they have any potential for sports. Football clubs can use the test. People who do not have this potential will not be encouraged to play sport for teams.

· GM organisms can be mass produced, but if they are released into the environment they may compete with traditional plant and animal life.

· Diabetics are now living much longer thanks to GM. This is costing the NHS millions of pounds more each year and taxes may have to rise as a result.

· The development of GM foods means famine in developing countries has been significantly reduced.

· The implications of eating GM crops have yet to be established and there are no long-term studies yet available.

· Genetically engineered food is an expensive technology. Farmers in developing nations are not able to afford the technology. 
· Genetic engineering has made millions of pounds for research companies globally. It has created many jobs worldwide. This has affected the number of jobs available for traditional farmers. 

· Food companies are not required to advise customers via packaging or other means that their foods are genetically engineering. 
Once learners have had the opportunity to consider and discuss all or a number of statements they should be prepared to share considered views on the advantages and problems associated with genetic engineering. It may be that the learner’s position is one of uncertainty and further information may be needed on which to base informed viewpoints. 

A summary revision game for this topic can be found on Teachers-Direct.
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Further research
Innogen (Innovation in Genomics), an ESRC collaboration with the University of Edinburgh, studies the impact of genomics on global health, agri-food, the environment and the economy. 

The BBC Horizon episode ‘Playing God’ is an engaging and challenging film about the potential of synthetic biology and its advances. 
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Skills for learning, skills for life and skills for work 

Literacy
Learners are required to read articles and scientific information in order to identify, understand and reflect on key points.
Learners are required to construct a formal letter to express informed opinions.
Numeracy 
Learners are required to use scales to measure and to take measurements in an accurate fashion.

Health and wellbeing
Learners are required to appreciate the concerns over food availability.

Learners are required to appreciate the health concerns over consuming GM food.

Employability, enterprise and citizenship
Learners are encouraged to listen to peer viewpoints and identify key issues in order to gain an informed perspective on the topic.

Thinking skills
Learners are required to develop reasoned arguments in response to a dilemma.

Return to index
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