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Get the most from this book


Everyone has to decide his or her own revision strategy, but it is essential to review your work, learn it and test your understanding. These Revision Notes will help you to do that in a planned way, topic by topic. Use this book as the cornerstone of your revision and don’t hesitate to write in it – personalise your notes and check your progress by ticking off each section as you revise.


Track your progress


Use the revision planner on pages 4 and 5 to plan your revision, topic by topic. Make a note when you have:





•  revised and understood a topic



•  tested yourself



•  practised exam questions and gone online to check your answers and complete the quick quizzes.





You can also keep track of your revision by noting each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.


Features to help you succeed
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Exam tips


Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam.
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Typical mistakes


The authors identify the typical mistakes candidates make and explain how you can avoid them.
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Now test yourself


These short, knowledge-based questions provide the first step in testing your learning. Answers are at www.hoddereducation.co.uk/myrevisionnotes


[image: ]







[image: ]


Definitions and key words


Clear, concise definitions of essential key terms are provided where they first appear.


[image: ]







[image: ]


Exam practice


Practice exam questions are provided at the end of each section. Use them to consolidate your revision and practise your exam skills.
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Online


Go online to check your answers to the exam questions and try out the extra quick quizzes at: www.hoddereducation.co.uk/myrevisionnotes
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My revision planner


Part 1 Product design
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1.3 Considering usability when designing prototypes





2 Learning from existing products and practice




2.1 Analysing and evaluating products


2.2 Technological developments in product design


2.3 Past and present developments in product design


2.4 Lifecycles of products





3 Implications of wider issues




3.1 Factors to consider when investigating design possibilities


3.2 Factors to consider when developing design solutions for manufacture (A Level)


3.3 Factors to consider when manufacturing products (A Level)


3.4 Factors to consider when distributing products to markets (A Level)


3.5 How skills and knowledge from other subject areas inform decisions





4 Design thinking and communication




4.1 Annotated 2D and 3D sketching and digital tools


4.2 Use of digital design tools by industry professionals


4.3 Approaches to design thinking





5 Material and component considerations




5.1 Factors that influence the selection of materials
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7 Manufacturing processes and techniques




7.1 Using materials and processes to make iterative models


7.2 Using materials and processes to make final prototypes


7.3 Using materials and processes to make commercial products


7.4 How manufacturing is organised and managed for different scales of production


7.5 Controlling quality through manufacture (A Level)





8 Viability of design solutions




8.1 Assessing whether a design solution meets its stakeholder requirements


8.2 Assessing whether a design solution meets the criteria of technical specifications


8.3 Determining whether design solutions are commercially viable (A Level)





9 Health and safety




9.1 Ensuring safety in a workshop environment


9.2 The implications of health and safety legislation on product manufacture (A Level)





Part 2 Preparing for the examinations


Success in the examinations


Sample examination questions




Paper 1


Paper 2





Glossary


Picture credits


Now test yourself answers and quick quizzes at


www.hoddereducation.co.uk/myrevisionnotes





1 Identifying requirements


1.1 Exploring the context of a design solution


Environment and surroundings


Products are designed to meet the requirements of the situation or place they are used in. The context or environment will have a direct influence on:





•  the purpose of the product



•  its features and functions



•  the materials it is made from



•  its cost



•  the construction methods used



•  the safety of the product



•  its maintenance requirements.





An example is a ski helmet which must be designed to protect the user in the event of a crash and keep them warm but well-ventilated. The user is also likely to be wearing bulky clothing and goggles. The environment of use must be fully considered for the product to be successful.
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User requirements


Product purchases are driven by humans’ basic needs and their individual wants. As humans, our basic requirements are food, shelter, clothing and safety. Our ‘wants’ are products that make things easier and more comfortable, or provide enjoyment. These might include products such as mobile phones, magazines, pushbikes and computer games.


Understanding a user’s requirements allows for the design of products that are fit for purpose and function. Other stakeholders will often influence the design of products for a primary user such as the Health and Safety Executive (HSE) or other regulatory bodies. Their aim is to ensure that products meet user requirements in terms of material choices and manufacturing technologies.
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Key word


Stakeholders: the stakeholders of a product are all those come into contact with it, have some sort of interest or ‘stake’ in it, or are affected by it in some way.
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Typical mistake


In discussion-style answers based on user needs, don’t only focus on the user and ignore the wider context. Failing to address the external influences on designs from bodies such as the HSE often leads to simplistic answers which lack the range of points needed to meet the requirements of extended answer questions.
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Economic and market considerations and product opportunities


All stakeholders will have some influence on the marketing, economics or designing of a product and can be involved in or be a part of the product in different ways:





•  In the designing, manufacturing, retailing and marketing processes



•  In the repair, recycling and maintenance processes



•  By suppling components or energy



•  By working in the regulatory or standardisation bodies



•  By working in government agencies.





To determine user requirements, it is important for a designer to investigate the context of use and observe how products are being used by people. Asking the questions who, why, what, where, when and how during the investigation will give them an understanding of:





•  problems or difficulties



•  opportunities for new products



•  the merit of existing solutions



•  users’ interest in a new solution



•  feedback from users and stakeholders.





Table 1.1 Six questions to ask in a context of use investigation






	Where?

	What is the environment, place or context of use? What implications does this environment have on the use of the product?






	Who?

	Who will use the product? What other stakeholders must be taken into account when designing the product?






	Why?

	Why is this product needed rather than other available options?






	What?

	What does the product need to do? What are the key criteria for its success?






	When?

	At what times of day and how often will the product be used?






	How?

	How will the product be used? How will the product be marketed?
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Now test yourself





1  State three factors which are influenced by a product’s environment of use.



2  State four possible stakeholders of a product in your specialist area.



3  Outline the user requirements for a garden table within its context of use.



4  Outline the user requirements for a ski jacket within its context of use.



5  Outline the user requirements for a heavy-duty sack truck within its context of use.
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Exam tip


When answering questions about user requirements, carefully outline the environment of use and consider how the product is used within it or is influenced by it. Aim to make references to specific interactions and body parts as this often leads to more complete answers with better examples.
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1.2 Stakeholder analysis



Methods used for investigating stakeholder requirements


User-centred design and stakeholder analysis


User-centred design (UCD) and stakeholder analysis allows designers to understand the needs and wants of the parties invested in a product and how different design solutions will impact them.


UCD may be used throughout the design process. It allows for a close collaborative working relationship between users and the designers of a product and helps to ensure that the product will meet users’ expectations and preferences. UCD considers four key areas:





1  Understanding context of use



2  Requirements specification



3  Feedback on proposed design solutions



4  Evaluation by users on prototypes (normally through use)





Stakeholder analysis looks more broadly at the invested parties such as organisations, legislative bodies, manufacturers, retailers and other groups who will be affected by the product.
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Typical mistake


Don’t simply focus on the most obvious stakeholders such as users, manufacturers and retailers unless specifically asked to. You should aim to discuss issues surrounding a wide and varied range of stakeholders and show how the issues in the question impact on all of them.
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SWOT analysis


SWOT analysis is a method used to examine the key factors associated with a product in order to maximise its opportunities and identify any problems or possible pitfalls. A product will be examined in terms of:





•  Strengths: the advantages within the marketplace against competitors and of the product’s USP.



•  Weaknesses: problems within the proposed design in terms of its suitability, costs, sales or available resources.



•  Opportunities: identifying new opportunities in the market due to changes in competition, technology, legislation or trends.



•  Threats: understanding the competition or the possible adverse effects of consumer behaviour or legislation.





Focus groups


Focus groups are a key source of feedback in ensuring that products meet users’ needs and wants.





•  Focus groups are carefully selected to appropriately reflect the specific target market demographic.



•  A discussion is led by a moderator to collect data regarding the group’s views and experiences.



•  Different activities are undertaken and the group’s reactions are recorded.
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Key words


Demographic: a particular sector of the population. This may relate to age, education level, spending power, geographical location etc.


Price point: the chosen price for a product to retail at.
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Table 1.2 Different focus group activities and possible feedback






	Activity

	What may be learned






	Direct questioning and discussions

	Views on aesthetics, price points







	Interaction with products

	How easy the product is to use and how intuitively screens, interfaces and buttons are navigated






	
Suggestions for improvements

	Common problems or aspects that are disliked






	Audiovisual presentations

	Consideration of marketing strategy and ways to engage users






	Surveys of possible options for the product

	Which designs or features are considered to be of most value







Qualitative observations


Qualitative observations allow stakeholders’ reactions to a product to be recorded in terms of sight, smell, taste, touch or hearing. Interviews are often undertaken to allow for a full understanding of the products and how possible changes could be perceived.


Quantitative data involves the collection of numerical statistics such as sizes and weights.
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Market research


Market research is undertaken in a variety of ways to allow designers and manufacturers to identify and understand potential areas for sales and profit through new or reimagined products. Research can identify:





•  market trends



•  demographic groups



•  buying habits



•  economic shifts



•  competitors.





Market research will often involve:





•  Feasibility analysis: will the product be possible and profitable?



•  Investigations: which possible initial product concepts are suitable?



•  User trialling: what do users think?



•  Small-scale launch of the product: is there demand for the product and the manufacturing capability to meet it?
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Key word


Feasibility analysis: a consideration of how possible and realistic it is to proceed with a project.
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Designers will normally undertake a mixture of both primary and secondary research. Primary research comes from direct interaction or observation. Secondary research comes from existing books, documents or online resources.


Table 1.3 Market research methods






	Primary research methods

	Secondary research methods






	




•  Questionnaires



•  Surveys



•  Interviews



•  Focus groups



•  Trials



•  Product analysis



•  Analysis of ergonomic data







	




•  Magazines



•  Reference books



•  Social media



•  Guidance from government agencies



•  Available statistics, for example about large-scale or regional population trends



•  Style influences from other designers or art movements



•  Anthropometric data



•  Materials and manufacturing techniques












	
Advantages


	Advantages






	




•  Up-to-date data



•  Data is specific to the design







	




•  Cost-effective method of collecting data












	Disadvantages

	Disadvantages






	




•  Expensive to conduct



•  Time consuming to arrange







	




•  Research can be out of date



•  It may not be specific to the design
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Exam tip


If you are asked to explain how data regarding a given product may be collected, don’t simply say that it could be done in person or through questionnaires. Expand on the point by showing how the methods chosen would specifically engage a suitable target market and how the feedback could be collated to give clear guidance on the design of the product.
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Forecasting technological and fashion trends


Fashion forecasting is used to compile an understanding of a wide range of influences from numerous sources closely related to the business such as materials, prints and colours. This allows designers and the fashion industry to determine what will be popular in the upcoming season.


Trend forecasting looks more broadly at global industry and allows companies to produce or buy a suitable number of products or garments. This ensures there are the right numbers in production or in stock to meet differing demand due to seasonal changes or fluctuations in buyer behaviour.


A broad range of technological approaches are taken to gather and interpret the data. Data collection may come from trends and patterns on social media or gathered from internet or television streaming statistics. This data is processed or compiled by computer software and compared against historical data to allow for accurate forecasting.


How enterprise can help drive the development of new product ideas (A Level)


The term ‘enterprise’ in the design context is associated with innovation and those companies who are planning to capture new markets through new ideas or by approaching stakeholder needs from a new and exciting standpoint.


Entrepreneurship


Entrepreneurs are people who drive the designing, launching and running of a new business or service. They often take on the financial risks associated with the project with the hope of being successful and making profit.


Commercial partnerships


Commercial partnerships are formed between different businesses to allow for rapid growth or when there are mutually beneficial outcomes. Partnerships allow companies to share ideas and expertise and gain access to manufacturing, new technologies and new markets.


Venture capitalists and crowdfunding


Venture capitalists are stakeholders who invest in companies or new initiatives. The money they invest allows companies to expand or enables individuals to produce new ideas. Funding can be short- or long-term with the investors looking to make a healthy profit within this period. The well-known television show Dragon’s Den is a good example of the venture capitalist process.


Crowdfunding is another means of raising finance which is increasingly sought after by small start-up companies or individuals. Crowdfunding platforms such as Kickstarter or Crowdfunder allow companies to attract potential investors for ideas which have not secured investment from more mainstream sources. This is done by broadening the understanding of:





•  the potential product or service



•  the benefits of investing (this could be payback or a cheaper product)



•  the minimal risk taken on by investors (other than losing their investment).
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Now test yourself





1  State three benefits of using user-centred design (UCD) throughout the design process.



2  State an appropriate focus group activity that may be undertaken by a market research company looking at a waterproof hiking jacket.



3  Explain the difference between qualitative and quantitative data.



4  State three methods for collecting primary research.



5  Explain why a national high-street clothing company may use forecasting to determine the stock levels needed when moving from spring into summer.
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1.3 Considering usability when designing prototypes


User interaction


For more on user interaction see also Section 4.3 (page 63).


The impact of a solution on a user’s lifestyle


When developing products and/or systems, designers need to consider:





•  how to meet the needs of a wide variety of users



•  how to maximise the range of users who can access the product



•  the ease of use and suitability of the product for consumers (usability)



•  international standard usability guidance ISO 9241-11.
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Key words


Usability of a product: how easily a product can be used, particularly with reference to understanding how it functions.


Inclusive design: designing products for ease of use by consumers with the maximum possible range of abilities, without the need for adaptations.


Culture: the social behaviour of different societies influenced by their customs and ideas.
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Usability factors include:





•  Effectiveness: the ease of completing tasks with the product.



•  Efficiency: how long it takes to complete the task using the product.



•  Satisfaction: how enjoyable it is to use the product.



•  Simplicity: often results in a product that is easier to use.





The ease of use and inclusivity of products


Inclusive design caters for the maximum possible range of consumers. It involves:





•  taking into account factors such as age, gender, background, culture, size, weight and disabilities



•  excluding as few people as possible



•  removing barriers in order to promote equality and independence.






Ergonomic considerations and anthropometric data



Ergonomics


Ergonomics relates to the interaction or ‘fit’ between people and their activities, products and environments. Good ergonomics can reduce stress, increase comfort and improve efficiency and accuracy.
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Key words


Ergonomics: the promotion of optimum design usability and efficiency through the study of how people interact with products and their working environment.


Anthropometrics: scientific measurements of the human body applied to the design and construction of products.


Percentile: a specific statistical percentage range, often used to define appropriate anthropometric data for design purposes.
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Ergonomic ‘fit’, therefore, refers to both physical and psychological factors. Examples of ergonomic factors that can help to improve usability include:





•  use of colour



•  font design and size



•  layout of controls



•  user interface provided by software



•  display screen clarity



•  product weight



•  consideration of sound and vibrations.





Additional benefits of good ergonomics include:





•  improved worker productivity



•  enjoyable user experiences leading to increased sales



•  removing the frustration of difficult-to-use products.





Anthropometrics


Anthropometrics relates to the measurements of humans. Anthropometric data are provided in charts and tables and give a wide variety of measurements such as arm length, knee height and grip strength.


These measurements are usually grouped by factors such as age, gender and nationality. Designers need to consider whether to cater for the extremes or the ‘average’, and how adjustability can help.


Percentiles


The appropriate choice of percentiles from anthropometric data tables is very important. The tables normally include the 5th percentile, the 50th percentile (the average, most common measurement) and the 95th percentile.
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•  Using the range from the 5th to the 95th percentile disregards the extremes.



•  Sometimes a wider range needs to be considered, such as in safety critical situations.



•  Practicalities and budget restraints can result in limitations such as poor legroom in some football stadiums.





Aesthetic considerations


Visual impact is one of the most important aesthetic considerations, but all our senses, and even our emotions, are involved in aesthetic appreciation:





•  Vision



•  Hearing



•  Smell



•  Touch



•  Taste
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Exam tip


Don’t be over-simplistic in your responses to questions on anthropometrics, for example by writing ‘Products must be designed for the average size person’ or ‘Designers must use the 5th to 95th percentile’. Instead, write about the choice of data required for particular situations and make reference to male, female and child data, as well as to variations that may exist in overseas markets.
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Designers must take care to balance aesthetic and practical considerations, particularly in the design of safety critical components such as car dashboard controls.


Intuitive designs function in the instinctive, conventional, standard or ‘stereotype’ way we expect and are therefore easier to use.





•  Taps and valves usually turn anti-clockwise to increase output.



•  Volume and speed controls usually turn clockwise to increase output.



•  Car foot pedals are always in the same relative position.



•  Standard colours are used for pelican crossing lights and danger warning signs.



•  Logically designed and laid out controls and symbols make products easy to use.



•  A fully intuitive design should require minimum training or instructions.





‘Affordance’ is a term used to describe the way that a product ‘suggests’ it should work, such as a door handle suggesting that it should be pulled, or the swiping movement required for a smartphone application.
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Apple successfully incorporates affordance and simplicity in its designs for a range of intuitive products. Many Apple products were inspired by the minimalist designs produced by Dieter Rams for Braun (1956–78). Rams promoted sustainability in product design in the 1970s and formulated the now celebrated ten principles of good design.


Table 1.4 Dieter Rams’ ten principles of good design






	Good design:

	Which means that Dieter Rams thinks that designers should:






	is innovative

	make appropriate use of modern materials, technologies and approaches






	makes a product useful

	address functionality to ensure that they solve the particular problem for the consumer’s benefit






	is aesthetic

	create well-executed, beautiful products in accordance with ‘Form follows function’ principles






	makes a product understandable

	make products intuitive to use with no distracting elements that might cause confusion






	is unobtrusive

	ensure that designs are neutral and restrained, without superfluous decoration or detail






	is honest

	not deceive consumers – for example, by designing a table with a wood veneer pretending to be a solid timber product






	has longevity

	design products that will continue to be useful over time, like the 1960 Rams’ 606 shelving system, which is still highly successful today even in our throwaway society







	is thorough down to the last detail

	consider every element of designs to ensure that they function well, such as by providing concave finger recesses in push buttons






	is environmentally friendly

	use sustainable materials and processes in the development and production of products






	is as little design as possible

	include only essential elements in a design, since superfluous features detract from the product’s function
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Key word


Throwaway society: the collective mind-set of consumers to dispose of products rather than repair them.
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Shape, form and colour in aesthetics


Aesthetic appreciation involves shape, colour and form.





•  Shape: refers to a two-dimensional arrangement of closed lines or area of colour, including circles, squares, triangles.



•  Form: a three-dimensional manifestation of an article (geometric forms include cuboids, spheres and cones).



•  Colour: contributes to the usability of a design and can stimulate an emotional and/or intuitive response such as:







    •  red = stop, danger, heat, warning


    •  green = go, environmentally friendly


    •  blue = cold


    •  yellow/black combination = danger warning.





Designers work closely with market researchers to discover current and predicted consumer preferences, in order to produce ‘aesthetically pleasing’ products to suit the tastes of appropriate target groups.


Ergonomic factors


Anthropometric data


Anthropometric data are used to help define design parameters associated with the human body. For example, in relation to workstation seating, the Health and Safety Executive (HSE) gives specific guidance in its ‘Seating at Work’ HSG57 document which should be taken into consideration:





•  Appropriate comfort level for the likely period of use



•  Level of lower back support



•  Level of support and comfort offered by the upholstery



•  Shaping and padding of edges to avoid pressure points



•  Adequacy of height, backrest and other adjustments



•  Suitability of armrests for particular tasks (need for support and/or freedom of movement)



•  Footrest provision, if appropriate



•  Special user and/or task requirements.





Additional points for consideration in relation to the use of anthropometric data include the following:





•  Car designers use full-scale mock-ups, along with crash test dummies.



•  3D virtual manikins are used in conjunction with various CAD (computer aided design) packages.



•  Dynamic (moving) anthropometry needs to be used in many design situations to ensure that the data reflects what actually happens when products are being used. An example of this is when we reach across a table to pick something up.



•  Data relating to strength are available for situations such as car footbrake design.





User comfort, layout of controls, software user interface


Ergonomics also provides data for designers on the way users interact with a product and their levels of comfort, for example:





•  the range of temperatures that are comfortable to work in



•  the appropriate noise and vibration levels for working in (although bear in mind the availability of appropriate personal protective equipment (PPE))



•  the efficiency of communicating information, particularly a change of state such as aircraft fuel level.
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Key word


User interface design or user interface engineering: a ‘human-centred’ design approach with a main focus on the effectiveness of the user interface for interaction with products, particularly electronic devices such as computers and appliances.


[image: ]





User interface design, such as that used in smartphone, tablet and microwave displays, is particularly important. The user interface (UI) should be as simple as possible to reduce confusion and consideration should be given to the following factors:





•  The appropriate fonts and text sizes to use, depending on the viewing distance



•  The clarity, combination and contrast level of task-appropriate colours



•  How to make related elements similar in appearance, using the minimum number of different colours, along with simple shapes (which also helps people with colour blindness)



•  How to avoid distracting reflections



•  The appropriate use of flashing or colour changing to attract attention



•  How to match display and controls to ease understanding and minimise confusion.
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Developments in the design of software user interfaces include:





•  the reduction/elimination of buttons and the introduction of ‘soft keys’ to match screen display



•  the use of touch screens and voice recognition



•  the avoidance of too many sub-menus



•  the use of internal or back-lighting to suit the environment.
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Typical mistake


Don’t concentrate only on anthropometrics when answering questions requiring an explanation of the term ‘ergonomics’. Anthropometrics are an important element, but ergonomics also includes a wider range of product features such as the type of grip, tactile recognition of controls, use of symbols, or colour and sound.
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Now test yourself





1  Critically analyse the ‘affordance’ of two contrasting remote controls.



2  Explain the terms ‘anthropometrics’ and ‘ergonomics’.



3  Explain how an ‘intuitive’ car dashboard/control design might be achieved and the resulting safety benefits.



4  Explain the term ‘inclusivity’ and who might benefit from its consideration in product design.



5  Explain how colour can contribute to the ‘usability’ of a design.
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Exam practice




  1  How might the design of a vacuum cleaner be improved by studying a range of ergonomic factors?


  2  The designer of a new public transport bus wishes to make the design as ‘inclusive’ as possible. Explain four distinctly different inclusive features that might be incorporated in the design.


  3  Produce a simple labelled drawing of the user interface for a domestic appliance (e.g. a washing machine, microwave, vacuum cleaner) and identify a range of desirable features.


  4  Give two contrasting examples of designers relying on stereotype reactions to improve the safety of products or systems and explain how these reactions help.


  5  Give an example of a product that contributes to a ‘throwaway society’ and explain how alternative designs and strategies are being developed to combat the problems it causes.


  6  A new product is being designed to carry luggage and camping equipment around a festival site. Explain how the environment of use would impact on the design.


  7  An entrepreneur is seeking investment for a new product idea. Discuss the possible available options and what risks or benefits they may bring.


  8  State three ways in which a focus group might aid a designer to understand the user requirements of a new product concept.


  9  A furniture manufacturing company has created a new seat. Explain how qualitative feedback could help the designers to meet user needs.



10  A technology company is designing a new phone interface to aid older users. How could information about the intended demographic help the designers to identify key criteria for the design?
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Figure 1.5 Intuitive, ‘stereotype’
operation of controls
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Figure 1.4 Percentiles
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Figure 1.6 Soft keys on an ATM





