	Lesson 1: Impacts on society and industry
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand how innovation and new technologies impact on society and industry

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1 Benefits of innovation and new technologies
Topic 1.2 Enablers in the process of innovation
Topic 1.3 Environmental and social impacts
	Introduction: Because of the 30 GLH, it is really only possible to give learners a broad overview of the many aspects of new technologies and the innovation processes that produce them. However, this is still an important unit in that it can supply many answers as to why and how new technologies appear, their immediate and long-term impacts (many of them conflicting), and whether or not a particular technology is a benefit, a risk or just plain bad for society. Clearly learners will have formed their own opinions, based sometimes on good information, sometimes on incomplete or misleading information. This unit should make them think about the career they have chosen to pursue, and the ways in which they could work in the future to reduce the adverse effects of the technology they work with.
Opportunity for applied learning
Research: Give learners a series of research questions to answer and to give opinions on. 
Site visits: Arrange one or more visits to hi-tech establishments, with the opportunity to question and discuss issues with managers and other employees. Ideally, one or more partnerships could be formed with such companies to enable greater access for learners




	Websites
https://www.innovateuk.org




	Lesson 2: Benefits of innovation and new technologies
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand how innovation and new technologies impact on society and industry



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1 
Benefits of innovation and new technologies

	Learning is likely to be a mix of whole-class to set the scene and pose the questions, followed by whole-class and / or group discussions.
Define the term innovation, and also ‘new’ technologies – materials and techniques that allow us to make original things in a different way. 
Discussion: Topics that need to be covered and questions that could be posed for discussion include:
· Do we need new technologies at all? If we do need them, why? If we don't get them, will anyone be disadvantaged, and why? If we do get them, will there be a negative impact? For instance the early eco-cars such as the Toyota Prius were supposed to reduce the environmental impact of four or five people travelling around on the roads. That is true, if only the impact of their use is considered. How about the impact of producing the batteries and all of the plastics and other materials that they are made from? Are they really that green?
· What do the terms market, economy and society actually mean when we are talking about new technologies and innovation? Is the market ‘forced’ on society by companies wanting to make a profit? What would happen to the economy if the market slowed down because society felt that it didn't want or need new technology anymore? This topic could only be related to ‘personal’ technology such as mobile phones and computers; however, learners need to address issues outside their own personal sphere too.
· Is manufacturing such a dirty, polluting business as it is made out to be? Which are the worst and best sectors at preventing pollution? Is anything hidden from public knowledge? How can the manufacturing industry improve its environmental performance? Learners should be encouraged to research, compare and contrast different industries.
· How does money move around local and national economies? How can innovation and new technologies inject more money into those economies and make them grow? Clearly there will be time for the very basics, but learners should be able to form a picture of how industry plays its part. Some innovative pictorial representations will help here.
Opportunity for applied learning
Survey and research: There is scope here for learners to have contact with new technologies and the people who develop and work with them. Prior to any discussion session, learners should ideally be given the chance to gather information for themselves, formulate opinions and ideas, and ask questions of knowledgeable people. 
Site visits: Contact with new technologies is essential, and visits to appropriate establishments would help greatly.










	Websites
https://www.innovateuk.org



	Lesson 3: How does innovation actually happen? 
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand how innovation and new technologies impact on society and industry



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2 
Enablers in the process of innovation

	This session focuses particularly on the environment that enables innovation to flourish. It is, perhaps, worth looking back 10 or 20 years at some of the products and technologies that progressed some way and then slowed down because the necessary materials were not available, or the processes used were inadequate. Many of these technologies have suddenly progressed in leaps and bounds over the recent 2–5 years. 
Research: Learners could be asked to choose from a list of such technologies and to research just why this has happened in this way. Often the reason will be that materials science has caught up with the demand for progress, and manufacturers are able to develop new techniques to take advantage. A classic example is electronic products in general, and computers and microprocessors in particular. This subject will obviously be very familiar to the majority of learners; however, they may not have even considered the reasons for the change.
Another aspect that should be explored with learners is that of market research and assessment. Methods of identifying and establishing markets for new technologies have become far more sophisticated in recent years and have become a true science. 
Discussion: Learners could be asked to consider why that is, and how modern technology – itself a series of innovations – has helped in that development. Learners should also consider why that modern technology has become a perceived threat in certain cultures and that in turn has served to slow or halt innovation.
Finally, learners should be introduced to the important role of entrepreneurs in the innovation process – who are they, where do they fit in, and what advantage do they gain from the process?

Opportunity for applied learning
Guest speakers and site visits: There is nothing better for teaching the subject of innovation than contact with the people who actually innovate. They generally possess an infectious enthusiasm and are usually more than willing to talk about their particular achievements. Again, the visit(s) mentioned in earlier lessons could incorporate a demonstration/talk from one or more of the innovators and entrepreneurs who make progress happen. 
Report: It would also be useful for the learners to go through the innovation process with an idea of their own and produce an industry-style report on their experiences. Clearly much of this process might have to be simulated, however, some innovation on the part of the tutors should produce a very effective teaching tool.












	Websites
https://www.innovateuk.org



	Lesson 4: Impacts on society and industry
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand how innovation and new technologies impact on society and industry

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3 
Environmental and social impacts
	This session continues the environmental and social impact theme, looking at a number of topics listed below. These should all be familiar titles (apart perhaps from the first one), however the relevance to engineering manufacture will need to be explained – keeping to the context will assist in the tight timekeeping required for this session. For that reason ways of limiting the time spent on each subject should be explored. 
Topics to be covered are:
· global demand increases and shifts
· use of fossil fuels and other natural resources
· energy and resource-efficient technologies
· renewable energy
· efficient and reliable domestic appliances
· improvements in public and workplace safety
· healthier working environments.
Opportunity for applied learning
Survey: Learners could be asked to conduct a short survey in their own learning environment, at home, etc, in the light of the topics in this lesson. They should question everything in that environment and perhaps come up with suggested improvements. Perhaps some of the suggestions could be actually implemented over the lifetime of the qualification, and then the benefits can be evaluated.


	Websites
https://www.innovateuk.org



	Lesson 5: What does R&D do for the manufacturing industry?
	Suggested Teaching Time: 2 hours

	Learning Outcome: Determine the need for design, research and development



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1 
The role of research and development

	Since way before the start of the industrial revolution, in fact back to the Stone Age when Man first began to use simple tools, R&D has been a fact of life. This is an opportunity for learners to think for a few moments about what they know of the process of R&D – what it is and why it is necessary. 
Learners could be asked to think of an item, any item that has been in use in the whole of history that did not need some sort of R&D before it became useful. You should be ready to counter a number of odd and bizarre suggestions! The point of the exercise is to confirm to learners that R&D is a vital part of industry and that it is responsible in some way for each and every product that is sold.
Making new processes, technologies and materials fit for purpose: The idea that it is not only new products that need R&D but the processes that manufacture them is one that may not have occurred to every learner. Explore the implications.
Reducing product failure rates: The product that keeps failing and has to be replaced is always a source of embarrassment – and financial loss to the manufacturer and very often the supplier too. It is also a source of frustration to the customer and a trigger to go elsewhere next time. Learners should be able to distinguish between this and planned life, where the product is designed to last only a particular length of time before it is replaced with a modern version.
Product testing in a user environment: This is often done unseen to most of the public, but learners should be aware that it takes place, of how important it is in the R&D process, and how to get involved as well.

Refining production processes: Learners need to be familiar with the process of developing and refining production processes, and the fact that modern materials, hardware and software could often not be used without this fine-tuning process.
Opportunity for applied learning
Projects and challenges: These are always useful in enhancing the learning experience, as are personal involvement in the process being explored. R&D principles can be applied to anything that is being developed and tested. It could be just an idea, a way of working, or a new machine, device, or a new application of an old item. 
Guest speakers: There is no substitute for talking with and learning from the people who actually do R&D. 
Company product testing schemes: There are also ways for people – groups and individuals – to become directly involved in consumer testing of products. Many companies have these schemes, and it is worth enquiring about them.








	Websites
http://goo.gl/j5sjIx
http://goo.gl/OKB7Cj 
http://goo.gl/E5Ard3



	Lesson 6: R&D processes
	             Suggested Teaching Time: 4 hours

	Learning Outcome: Determine the need for design, research and development



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.2 
Research and development process
	The following list breaks down the R&D function into a number of process steps, often done by different departments. In order to appreciate how this process works and how each step leads on from the previous one, you might think about focusing on one particular product or family of products. Beware of choosing a product that is too complex – even a mobile phone might be too much; however a compact camera, for instance, might be suitable. It is best to choose an item that will be familiar to learners, where there is a substantial technology element in the production process.
Virtual environments: Part of the general design function, the idea of these will often be more familiar to some of the learners (who are gamers) then to the tutor! Nevertheless they greatly extend the ability of the designer / developer to reproduce an environment in which the new product can be placed and observed.
Rapid prototyping (3D printing): This is an innovation that has revolutionised R&D, design and production. It is, incidentally an example from the previous lesson, of a process that was slow to develop from its beginnings in the late 1990s and suddenly came to the fore when materials development allowed the economical production of printing equipment. Learners should be aware that rapid prototyping has revolutionised manufacturing with its ability to cheaply and quickly manufacture a facsimile of the proposed product as a space model, and other development processes. 
Materials and component development: This is a key function of R&D, with many new materials now being custom designed for particular, narrowly defined applications. Learners should understand that this role of R&D is one of the key functions upon which many other developments depend.

Prototype production: Different from rapid prototyping (despite the name), this is the production of fully functioning prototypes for test and evaluation purposes. Naturally there are some items that can be manufactured entirely using 3D printing, but many uses of the technology are still under development 
In-house testing: The process of ‘ironing the bugs’ out of new products. This is where the reliability of the product is tested, sometimes to destruction, and where compliance with industry, national and international standards is established. Learners need to be familiar with this process, particularly with the fact that most products need to comply with a standard somewhere, so that they can be offered for sale. 
Market testing: This is the stage where the product is exposed to selected parts of the market as a concept, a prototype or a pre-production model to see if there is a big enough market for it. It is almost the ultimate test of R&D, second only to the actual sales figures. Learners should recognise this as an important product development function. 
Production line set-up: Even prior to making a prototype, R&D engineers will be thinking about how the new product will be made. Learners should understand that early contact and discussions with the production organisation, even if it is in a different company, are vitally important. A short overview of the process of product development should be given.
Quality assurance: This will be encountered in other units, and it is important to co-ordinate the teaching in this unit with that in others. Perhaps quality assurance could be taught as a separate mini-course, since it will also be used in the assignments.
Opportunity for applied learning
Synoptic assignment: The topics in this lesson can all be covered in a practical way by planning synoptic assignment work to include a clearly defined R&D phase. Combine this lesson with the others in the R&D topic to form a practical learning package.

	Websites
http://goo.gl/ffRwvu
http://goo.gl/JTrVLF
http://goo.gl/6oqi7x






	Lesson 7: Low-carbon technologies
	            Suggested Teaching Time: 2 hours

	Learning Outcome: Understand low-carbon technologies



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1 
Low carbon technologies

	Learners should be able to discuss in some depth the following subjects.
· Climate change policy and drivers: What is climate change, how is it affecting us and what are we doing to slow it down? What drives the low-carbon industry? Things to mention are: the Kyoto Agreement, political pressure, competition among world leaders, targets to lower emissions, financial incentives to set up low-carbon systems for power generation, etc.
· Carbon capture: What is it, and how can it be achieved? Look at the websites for examples. 
· Renewable energies: Give an overview of the following, and encourage additional research:
· solar
· wind
· hydro
· tidal
· bioenergy
· geothermal 
· waste to energy.
Learners should be able to discuss the basic principles of each.



Opportunity for applied learning
This is the one subject that learners should know something about before they start. So they will have their own ideas and opinions about alternative technologies. 
Site visits and talks: This is a good opportunity to make contact with organisations that are running alternative technology projects – many of them are charities and community interest groups. These groups are always delighted to host visits and give talks. These schemes largely concentrate on hydroelectric, solar PV, wind and bioenergy technologies. 
Local councils, private companies and large corporations also run these technologies and contact with them will generally be beneficial.
Case studies: See the Carbon Trust website in Suggested Resources.








	Websites
http://goo.gl/sYUtsc
http://www.theccc.org.uk/ 
http://goo.gl/8CB4fB
http://goo.gl/3YJ8iS
http://goo.gl/u0YSEg
http://goo.gl/zLSE7u
http://goo.gl/7pY5az
http://goo.gl/WQ8uW9 
http://goo.gl/2Ch5w2
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	Lesson 8: Application of low carbon technologies
	            Suggested Teaching Time: 2 hours

	Learning Outcome: Understand low-carbon technologies 

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2 
Application of low carbon technologies

	Learners should have an overview of the technologies and methods of reducing carbon emissions. The suggested resources contain sufficient information for the purposes of this unit, concentrating on what the technology is, what the end product is and how it reduces the carbon footprint of the plant and its energy source. Incineration, gasification and pyrolysis, being parts of the same technology development story, should be studied as a group:
· landfill
· incineration
· gasification
· pyrolysis
· anaerobic digesters
· hydrogen applications
· examples and case studies.
Opportunity for applied learning
Project work: Having explored and thought about the very emotive subject of low-carbon technologies, learners should have enough collected data, information and opinions to produce work on the subject. This could be in the form of a debate, a written report to a virtual or real action group, a new community project or even a short media presentation in conjunction with other coursework. 
Case studies: see the Carbon Trust website in Suggested Resources.

	Websites
http://goo.gl/sYUtsc
http://www.theccc.org.uk/ 
http://goo.gl/8CB4fB
http://goo.gl/3YJ8iS
http://goo.gl/u0YSEg
http://goo.gl/zLSE7u
http://goo.gl/7pY5az
http://goo.gl/WQ8uW9 
http://goo.gl/2Ch5w2




	Lesson 9: Stakeholder and public engagement
	            Suggested Teaching Time: 2 hours

	Learning Outcome: Understand low-carbon technologies 



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.3 Stakeholder and public engagement 
	Learners should clearly understand what is meant by the terms ‘stakeholder’ and ‘sustainable’. They should also have a broad understanding that permission has to be obtained from somewhere to construct and operate most of the sustainable technologies available. Small projects that are unlikely to have a large impact on the environment, people and businesses surrounding them are likely to need approval from the local planning authorities and possibly the environmental authorities. Larger projects might need public consultation and even a public enquiry before being approved at anything up to Secretary of State level. Learners should be aware of both the complexity and the cost to the public purse of getting decisions right for everyone involved, and also other difficulty of the balancing act involved in these large exercises in compromise. Areas of study should cover:
· Planning applications and engaging stakeholders: As above, the planning and enquiry process.
· Site identification process and planning: The choice of sites for schemes is critical, and the planning process depends on this being done properly at the start of the project. 
· Practical issues: Including the construction, access to and operation of technologies.
· Sustainable technologies: The main sustainable technologies in use will suffice here, there will not be enough time to cover those still in development.
· Advantages and disadvantages of technologies: This is ikely to be in the form of a large table of information that learners could research and contribute to as individuals and groups.
· Feedback clarity: Since the key to successful sustainable energy projects is almost always good communication on both sides of the argument and of course from the decision makers, clarity of feedback at each stage is vital. Learners should be aware of the issues surrounding this.
Opportunity for applied learning
Debate / Discussion: The answers to questions in this lesson will emerge from work on earlier parts of the topic. Learners should add some reflective activity to pull together all of the complex issues in this topic. It is not easy for learners to grasp the complexities of political activity in this area, neither is it easy for many to understand attitudes of people towards some types of low carbon technology when it is installed close to their homes or in an environment that they use for leisure activities. A debate, as suggested above, or a discussion might be useful here.
Case studies: See the Carbon Trust website in Suggested Resources.










	Websites
http://goo.gl/sYUtsc
http://www.theccc.org.uk/ 
http://goo.gl/8CB4fB
http://goo.gl/3YJ8iS
http://goo.gl/u0YSEg
http://goo.gl/zLSE7u
http://goo.gl/7pY5az
http://goo.gl/WQ8uW9 
http://goo.gl/2Ch5w2




	Lesson 10: What is augmented and virtual reality?
	            Suggestd Teaching Time: 2 hours

	Learning Outcome: Understand augmented and virtual reality



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1 Augmented and virtual reality

	Learners will need to be clear on the differences between the two technologies. They will almost certainly be very familiar with both; however, they may not be able to name which one is which. The suggested definitions are:
· Virtual reality (VR): The creation of a virtual world; an environment where every object, background, movement, etc is artificially created.
· Augmented reality (AR): The blending of virtual images with those of the real world to provide an augmented image.
Introduction, history, and global view: This should cover the first attempts at computer-generated VR in the early games machines, for training pilots, ship crews, military personnel, etc. It should also cover its development for designers, marketing, advertising and even testing of new technologies. The differences between VR and AR should be emphasised, particularly the advantages of augmentation in terms of flexibility and adaptability. Also highlight the potential for VR to catch up and perhaps overtake AR again, as more powerful computers and innovative software become available.
How augmented and virtual reality helps product innovation: This could include examples of virtual product demonstrations, simulators and test environments designed to help innovators see the potential of their ideas before they spend vast sums of money developing them.
Social and domestic use: Clearly there is a huge market for this technology on the social and domestic front. Learners should be encouraged to share and explore their own and others’ experiences of the technology.
Infrastructure: This should be an overview, since the subject can become very complex, very quickly.

Networks: Provide an overview of the technical environments in which VR and AR exist, eg the Internet, self-contained systems, business networks, dedicated hard-wired systems, etc. 
Communications: Provide an overview of the ways in which AR and VR are communicated to the user.
Protocols: Take a brief look at Wi-Fi, Bluetooth, fibre-optic and Cat5/6 Ethernet.
Opportunity for applied learning
It is very likely that learners will know a great deal about this subject; however, their experience might be narrowed by their own interests. Here there is an opportunity to explore and learn about the wider aspects. 
Practical exercises: Practical use of software and hardware, if it available, would be the best way to enhance the practical learning. Should that not be possible, there are many examples of demonstrations on the Internet. Try to visit companies that use such systems.









	Websites
http://goo.gl/WXYSbP




	Lesson 11: Uses of VR and AR in industry
	            Suggested Teaching Time: 4 hours

	Learning Outcome: Understand augmented and virtual reality

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2 Applications of augmented and virtual reality 
	There are many examples of VR and AR in industry – you should select an area of industry to focus on and gather material from that area. There is a great deal of video and pictorial material available; for instance in the Suggested Resources you have a good overview of how one company is already using VR and AR to improve its car production. 
Opportunity for applied learning
Report: Give learners the opportunity to explore the material on AR and VR, and produce, within the session time, a short report covering the following topics: 
· in-product design, sensing and automation
· augmented and virtual reality in industry
· the future of augmented and virtual reality.
Consolidation of learning in this topic could be a reflection on what happens if we don’t have these innovative systems. 
Group task: Learners could research in pairs or small groups and present their findings. They could be asked to address a question such as ‘can industry survive without AR and VR in its design process?’







	Websites
http://goo.gl/EafiVL
http://goo.gl/h5TbnL


	Lesson 12: Applications of digital technologies
	Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise the impact of digital technologies, cloud computing and the Internet



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1 Digital technologies and their applications

	The vast majority of learners will be familiar with digital technology and its uses. Most will need to adjust their perception to take in the industrial scale of databases held on cloud servers, and the sheer volume of data that has to be processed every second for purely industrial and commercial use. 
Also, learners should be aware that ‘digital technology’ does not only mean the computer, smartphone and television that they interact with every day. It includes the vast array of digitally controlled equipment used in the production processes. There is an abundance of video material available online to illustrate this – you could, once again, choose one industry or even one product as a focus for learners, in small groups or individually, to research and report back on. The first session should concentrate on the digital technology itself – the probes, the sensors, the production machines, the robots, etc. Give learners a good overview of the technology in use in industry:
· Principles: Take a brief look at the principles of operation of some digital devices. 
· Applications: Take a look at exactly what some of these devices and machines are used for and why (as opposed to the manually operated versions). For instance, why do we use a digital touch-probe for measuring products when we used to use vernier callipers?
· Examples and case studies: Select suitable material from your preferred industry.
Opportunity for applied learning
Synoptic assignment: Possibilities for applied learning are mainly in the synoptic practical assignments, which, no doubt, will involve an element of digital technology design and use. Learners will have the opportunity to explore the uses and benefits of digital control in industry; they will already have a great deal of experience at home.
Case studies on the websites recommended for this session illustrate a variety of technologies in use today – the video items on each of the case study pages are particularly well produced and presented.
	Websites
http://goo.gl/dEr9Oi
http://goo.gl/kuBtZq


	Lesson 13: The Internet and cloud computing
	            Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise the impact of digital technologies, cloud computing and the Internet



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.2 
Web services and cloud computing
	This final session is to give learners a good general understanding of where the development of information and data sharing, storage, security, etc has reached at the time of teaching. The list below is the complete topic requirement – a lot to teach in three hours. Bear in mind that the technology knowledge of some young people in this area is considerable, and it is important to challenge them while helping others to catch up. 
Teaching should be focused very much on the applications of Internet and cloud technology in the manufacturing industry. This will almost certainly differ from and add to the knowledge and experience of even computer enthusiasts. Some of the learning could be as small groups, discovering and discussing particular issues or applications, and then reporting back to the class. If there are opportunities to use particular dedicated learning environments on the subject, they should be taken.
Cloud computing and the internet
· Cloud computing architecture:
· infrastructure
· platforms
· software
· benefits.
· Cloud platforms for storage and processing.
· Grid computing, cloud computing and the internet.
· Tools for cloud computing.
· Type of cloud computing (public, community, hybrid, private).
· Recent cloud computing innovations and trends.

Opportunity for applied learning
Learners will, without doubt, be able to create opportunities for themselves to learn about this topic. However they will not have too much idea of the vast possibilities presented to industry by this technology. Practical learning opportunities are likely to be twofold – first to get the learners to apply their already considerable knowledge to thinking about industrial applications; and second to get learners to actually use the technology to benefit their practical assignments and project, which they will be undertaking in the course of the TechBac.
[bookmark: _GoBack]











	Websites
http://goo.gl/rOFKJE
http://goo.gl/YLQ4tS
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