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Introduction to OCR Design and Technology for AS/A Level



Welcome to OCR Design and Technology for AS/A Level. This book has been written to meet the requirements of the following OCR endorsed titles:





•  OCR AS Level in Design and Technology: Design Engineering (H004)



•  OCR AS Level in Design and Technology: Fashion and Textiles (H005)



•  OCR AS Level in Design and Technology: Product Design (H006)



•  OCR A Level in Design and Technology: Design Engineering (H404)



•  OCR A Level in Design and Technology: Fashion and Textiles (H405)



•  OCR A Level in Design and Technology: Product Design (H406)





The textbook is designed to support both AS and A Level learners, with all additional or more in-depth learning required by A Level students clearly signposted.


The book aims to provide clear guidance and support material that will help you acquire a knowledge and understanding of the technical principles and designing and making principles you will need as you progress through your chosen Design and Technology course. It will support you as you develop critical thinking and problem solving skills to identify market needs and opportunities for new products, initiate and develop design solutions and develop and make prototypes that solve real-world problems and that consider a range of needs, wants, aspirations and values.


The textbook is divided into nine chapters that reflect the enquiry nature of the OCR specifications. They are designed to help you make links between topics and to explore, create and evaluate a range of outcomes. The nine topics are:





1  Identifying requirements



2  Learning from existing products and practice



3  Implications of wider issues



4  Design thinking and communication



5  Material considerations



6  Technical understanding



7  Manufacturing processes and techniques



8  Viability of design solutions



9  Health and safety





Each chapter explores these topics in relation to each of the Design Engineering, Fashion and Textiles and Product Design endorsed titles, exploring the core principles of design and technology that are common to all titles, as well as clearly signposting examples and applications that are unique to each of the different disciplines.


Two additional chapters are available online at www.hoddereducation.co.uk/ocrdesigntechalevel


Chapter 10 explores the requirements of the Non-Exam Assessment (NEA) in more detail. It covers both the Product Development NEA for AS students and the Iterative Design Project NEA for A Level learners. This chapter guides you through the key features of the NEA and explains the marking criteria against which you will be assessed. It includes lots of exemplar portfolio content from Design Engineering, Fashion and Textiles and Product Design projects.


Chapter 11, which is also available online, is designed to support you as you prepare for the written exam(s). It provides an overview of the written papers at AS and A Level, and includes general advice on preparing for the exam and types of questions you may encounter.



Features to help you



A range of features appear throughout the book to help you learn and improve your knowledge and understanding.
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PRIOR KNOWLEDGE


A summary of prior knowledge you are likely to have acquired in GCSE Design and Technology is included at the start of each chapter.
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TEST YOURSELF ON PRIOR KNOWLEDGE:


A series of questions appear at the start of each chapter so you can test your knowledge and understanding of concepts you should already have covered in relation to the topic at GCSE.
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LEARNING OUTCOMES


Learning outcomes are included throughout each chapter. They summarise the knowledge and understanding to be covered depending on whether you are studying Design Engineering, Fashion and Textiles or Product Design, and whether you are studying at AS or A Level.
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ACTIVITY


Short activities for you to complete appear throughout the book to help you apply your learning.
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KEY TERMS


Key terms boxes define all important design and technology terminology.
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KEY POINTS





•  A summary of key points is included at the end of each section to help you review what you have learnt.
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MATHEMATICAL SKILLS


The Design and Technology AS and A Levels require you to apply mathematical skills in a design and technology context. Some questions in the written paper(s) will assess your use of mathematical skills. This box appears at the end of each chapter and summarises the mathematical skills you may need to demonstrate in relation to the topic covered in the chapter.
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Further reading


A list of further resources that provide further guidance, examples and extension material on a topic can be found at the end of each chapter.
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PRACTICE QUESTIONS


Practice questions for Design Engineering, Fashion and Textiles and Product Design are included at the end of each chapter to test your knowledge and understanding and help you prepare for the written paper(s).
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This box highlights subject content, examples and applications that are unique to the Fashion and Textiles endorsed title.
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[image: ] DESIGN ENGINEERING


This box highlights subject content, examples and applications that are unique to the Design Engineering endorsed title.
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[image: ] PRODUCT DESIGN


This box highlights subject content, examples and applications that are unique to the Product Design endorsed title.
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1 Identifying requirements
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PRIOR KNOWLEDGE


Previously you could have learnt:





•  the importance of exploring the context a design solution is intended for, to inform decisions and outcome



•  how to carry out market research, investigating where, when and how the product or system will be used, the primary user and wider stakeholder requirements



•  that usability (ease of use) is a crucial consideration when designing and that the design of a product impacts on a user’s lifestyle



•  about inclusive design, ergonomics and aesthetic considerations when designing.
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TEST YOURSELF ON PRIOR KNOWLEDGE:





1  Carry out a task analysis, exploring who, why, what, where, when and how, for a given context, for example, outdoor sporting venues or children’s play areas.



2  How are anthropometrics involved when considering ergonomics? Choose a product and identify the key ergonomic features and the anthropometric data the designer would have used.



3  Explain the meaning of ‘inclusive design’.
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1.1 What can be learnt by exploring contexts that design solutions are intended for?
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LEARNING OUTCOMES


By the end of this section you should have developed a knowledge and understanding that:





•  all design practice is context dependent and that investigations are required to identify what makes a context distinct in relation to:







    –  environment and surroundings


    –  user requirements


    –  economic and market considerations


    –  product opportunities.
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The context any product is used in is the place or setting where it is used, and when and who the product is used by. Designers need to understand the distinctive contexts in which the products they design are used. It is important to understand the knowledge, experience and any mental/physical considerations of the primary users and where the product is used. The context and surroundings are also important as they could have an effect on the product, the materials it could be made from and how it works.


Different people have different needs and wants. What is desirable and helps one person may cause problems and difficulties for someone else. Any new designs of products and systems should improve ease of use or make a task quicker or cheaper for a user. Companies are always looking for new product opportunities to improve users’ experiences and lifestyles.


Exploring contexts


Environments and surroundings


The context (surroundings) in which a product is used needs to be understood before any designing takes place. The where, who, when and how a product or system is used can affect many design decisions, from the choice of materials or finish to the size or aesthetic appearance.





•  A design solution for use outdoors will need to be suitable for extremes of weather.



•  A design solution for use by the public in a town centre will need to be durable for use in all seasons and designed in a way to be understood and able to be used by a variety of people that may include children, adults, the elderly and disabled.



•  A design solution for a children’s play area needs to be safe and use non-toxic finishes.





The context (setting or surroundings) for a design solution will have an effect on many of the design decisions that will be made, so it is important to consider the surroundings (place) where the product will be used and the users. Purpose (what the product needs to do) and price can also be important factors. When considering the requirements for seating, think of the different contexts a seat might be used in, such as a home, a kitchen, a school, an office, a waiting room in a surgery, a children’s ward in a hospital, an outdoor play area, a train station or a town centre. Each distinct context will have an effect on the requirements for the seat in terms of its design, features, function, materials, construction, cost, users, safety factors and maintenance factors and each will have different primary users and stakeholders.


User requirements


When creating products and systems, designers always try to create a demand for a product. Consumers may desire products but perhaps due to affordability cannot have that product, but when they desire a product they can afford, it becomes a demand. Consumers have different needs and wants. Basic human needs are for food, shelter, clothing and safety, but people also want products to make things easier and more comfortable and to provide enjoyment or self-expression.


Needs


Human needs are the basic requirements and include food, clothing and shelter. Without these, humans cannot survive. We also consider education and healthcare to be needs. Generally, the products which fall under the needs category of products do not require a marketing push. Instead the customer wants to buy it.


Wants


Wants are largely dependent on the needs. For example, you need to take a bath or shower, but you don’t need a good smelling soap or bubble bath. You might use it because it is your ‘want’.


Example


The smartphone is a relatively recent invention. Do we need a smartphone? How did people manage before mobile phones? The first mobile phone used in 1973 weighed 1.1 kg and was 230 mm x 130 mm x 44.5 mm. It made calls and it wasn’t until 2000 that text, MMS messages and the internet became common features.


Wearable devices and smartphones have brought more social interaction. We can keep in touch, read the news, shop, listen to music, measure our heart rate and record movement. However, using these devices when driving or walking increases the risk of accidents and interaction through devices can affect our social confidence and make it hard to switch off from the ‘connected’ world and relax. We don’t need smartphones and wearable devices – we want them.
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Figure 1.1 The evolution of the mobile phone





Understanding the users’ requirements


Most products and systems are used or maintained by humans, so people are important. When we consider users, the primary user is the most obvious but any product will also have other stakeholders with an interest. For example, a company (stakeholder) will have an interest in the equipment they provide in an office environment to ensure their workers (the primary users) can work efficiently and comfortably. The Chartered Institute of Ergonomics and Human Factors and the Health and Safety Executive (HSE) have interests as wider stakeholders to provide guidance for the design of office equipment, from chairs to monitors and keyboards, to minimise back pain and repetitive strain injury (RSI).
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Figure 1.2 Stakeholder map for office equipment





Economic and market considerations and product opportunities


Think about the increasingly popular area of wearable devices. Different user groups have differing needs within all the contexts the device will be used. Each of these is distinctive and in turn affects the design in some way. For example, a woman will want a device that can be worn everyday with different outfits that might be casual or smart, yet something that is robust and durable to wear in the gym, out running and possibly when swimming and showering. A child’s needs would be different, as would an elderly person’s – some of what is important to one user will not be to another.


To explore and appreciate user requirements, it is always important for any designer to investigate the context their product will be used in and the users’ needs, observing how people use products and carry out day-to-day tasks.


The makers of Trunki, the famous children’s suitcase, extended the range to teenagers and adults. Jurni is a carry-on case for older travellers, which can also be ridden, sat on in queues and pulled along like a conventional travel bag. The Jurni case has a flexible shelf and removable storage pod where travellers can store personal belongings like gadgets and books.


When completing your own design work and identifying new product opportunities, there are many advantages to studying your users in the context where the product will be used.





•  At the start of your non-exam assessment (NEA) you should ask your user(s) what they consider to be the important requirements. You can observe them in the design context and find out what the problems with any existing solutions are, or any problems they have when undertaking a particular task. You should also contact other people who have an interest in, or are affected by, the product/system (stakeholders).



•  At the designing stage, it is important to get continuous feedback and carry out user testing with models and prototypes, allowing for further iterations towards an optimum solution.
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Figure 1.3 Although the suitcase was to be used in the same environment, the different primary users and stakeholder needs made the contexts unique and therefore the design requirements and solution were unique





Whenever you visit your users and stakeholders, you will need to plan your questions, record them and take photographs or videos. Completing a task analysis, thinking about who, why, what, where, when and how, will enable you to develop a list of questions and enable you to plan what you need to find out in advance. The answers obtained will lead to other questions you might not have thought of.





•  Where? The context, environment, place or places are important – where a product or system is placed, used, stored or moved. Is it indoor or outdoor, will this have an effect on the product, the materials it could be made from, how it works and how often will the product be used? What are the noise and lighting implications?



•  Who? Both the user and other people (stakeholders) in the context where the product will be used. It is important to understand their knowledge, education, experience and preferences for products, mental/physical abilities and considerations. The designer needs to understand the primary users and stakeholders and their requirements, to be able to design for them. Personas can be created but it is always better to work with real users and stakeholders. The influence and attitudes of individual stakeholders can be important at various stages of designing a solution, but you will always need to judge the significance of these in relation to your project.



•  Why? The reason a person is doing something. Why the product is needed in the first place, why another method is not preferred.



•  What? Details of the tasks and activities required and the goals and targets to be met. What does the product that is required need to do?



•  When? At what times of day or night, regular or irregular use, occasional or frequent, maximum and minimum times?



•  How? What ways will typical users use the product? How will tasks and activities be carried out? How will you need to market your product and how are similar products marketed?





You can also use secondary research, which is other people’s observations and findings, sometimes surveys, standards and data, which can be accessed online or from libraries or organisations and authorities with an interest in the subject area. This will back up or complement your own primary research and observations.
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KEY TERMS


Invention – the process of creating something that has never been made or never existed before.


Marketing – the process used by a company to promote and sell its products to consumers.


Persona – often created as a means of representing users or stakeholders. A persona is similar to a user profile. Information about users or stakeholders is used to create a collective persona, a ‘typical’ person, with their views, attitudes, preferences, lifestyle, skills and so on.


Primary research – the personal collection of research and information. It is carried out through methods such as visits and observations, interviews, testing and surveys.


Secondary research – the collection, collation and editing of readily available information. Such research utilises sources such as published details, company literature and existing test data.


Stakeholders – the stakeholders of a product are all those who may come into contact with it, have some sort of interest or ‘stake’ in it, or are affected by it in some way. By communicating with your stakeholders, you can ensure that they fully understand what you are doing, understand the benefits of your product and support you in making key decisions.
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ACTIVITIES





1  Think about the design of a carrying case for first aid equipment, for use by school staff at sports matches and on school trips. Produce a stakeholder map to include as many stakeholders that you can think of. Indicate how important you think their ‘needs’ are.



2  Do all users have the same needs for a mobile phone? Would certain markets prefer a simpler device?


Explore the needs of a teenage market and the elderly, what differences do you think there are?
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Figure 1.4 How grandma sees a remote
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KEY POINTS





•  The primary user of a product is just one of many stakeholders in the development of a new product.



•  The stakeholders of a product are all those who may come into contact with it, have some sort of interest or ‘stake’ in it, or are affected by it in some way.



•  Stakeholders can be:







    –  designers, manufacturers, retailers, those involved in marketing the product


    –  those who maintain, repair or recycle the product


    –  material and component suppliers


    –  those related to the location for use of the product


    –  energy suppliers


    –  various organisations that monitor or regulate designs or manufacturing processes (for example, British Standards, local authorities), experts or specialists in the product area.
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1.2 What can be learnt by undertaking stakeholder analysis?
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LEARNING OUTCOMES


By the end of this section you should have developed a knowledge and understanding of:





•  methods used for investigating stakeholder requirements, such as:







    –  user-centred design and stakeholder analysis


    –  SWOT analysis


    –  focus groups


    –  qualitative observations


    –  market research to identify gaps for new products or opportunities to update existing products


    –  use of forecasting companies to identify technological and fashion trends.





If you are studying at A Level, you should also have developed a knowledge and understanding of:





•  how enterprise can help drive the development of new product ideas through routes to innovation such as:







    –  entrepreneurship


    –  commercial partnerships


    –  venture capitalists and crowdfunding websites.
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There are a number of methods used to investigate stakeholder requirements that are widely used in the design and manufacturing industries. It is important to understand the requirements of everyone involved in any way with the design, as well as the needs of the primary user. Each of the methods can be valuable. Using them in the right way, for the right reasons and at the right time is important. Which method to use and when or how to use it will differ from project to project.


Some use qualitative observation where qualities can be observed without expressing numerical values, so the results could be large, yellow, tubular, soft, etc. Quantitative observations collect measurable results that record data, such as measurements, weights and temperatures. Many methods involve designers and manufacturers in direct contact with stakeholders to ensure that all requirements and data are gathered ‘first hand’ and are therefore accurate and detailed. Specialist market research companies are often commissioned to carry out investigations within the target market, sometimes using focus groups.


By communicating with your stakeholders during the design process, you can ensure that they fully understand what you are doing and understand the benefits of your product, supporting you in making key decisions.


User-centred design (UCD)


User-centred design (UCD) is a project approach that puts the intended users at the centre of design and development by ensuring that the designer talks directly to the user at key points in the project. You will be able to apply UCD principles where appropriate in your NEA iterative design project.


There are four essential activities in a user-centred design project:





•  requirements gathering – understanding and specifying the context of use



•  requirements specification – specifying the user and organisational requirements



•  design – producing designs and prototypes



•  evaluation – carrying out user-based assessment of the designs and prototypes.





These activities are carried out in an iterative fashion, with the cycle being repeated until the project’s usability objectives have been achieved.


One of the underlying principles of UCD is that the design of a product, or a specific task with a product or system, should match its intended users’ behaviour patterns, attitudes and preferences. UCD does not expect a user to adapt their behaviour and attitudes to learn and use a product or system. The result is a product that gives a more efficient, satisfying and user-friendly experience for the user, which in business and commercial terms will translate into increased sales and brand loyalty.


Stakeholder analysis


Completing a detailed stakeholder analysis enables designers to understand the users/stakeholders and the distinctive design context. To develop questions they may need to ask others to help with this, identifying questions to ask their users/stakeholders: ‘What do we need to know about who, where, what, and how?’


It is always better to interview users and stakeholders in the context the product will be used, as it might trigger extra questions and observing people helps to understand their needs. Some questions designers might ask are listed below. Note that the reference to ‘product’ could equally apply to an ‘engineered system’.





•  What is the specific purpose(s) that the design solution will be used for? How will the product be used?



•  What is the main function(s) the design solution needs to have? How often will the product be used and for how long?



•  How carefully is the product likely to be handled/treated/worn? Will the product be transported or stored when not in use?



•  What physical position will the user be in when they use the product? How and where might the product be cleaned or maintained?



•  Who will use the product? Is there anything about the user that affects what the product must be like? Who will purchase the product?



•  Does the user have any physical conditions that may cause difficulty using the product, such as strength and range-of-motion, vision or hearing?



•  Are there any cultural expectations related to this product?





Stakeholder analysis is used in project management to understand and then manage the needs and concerns of stakeholders. The influence and attitudes of individual stakeholders can be important at various stages of designing a solution. A stakeholder analysis focuses on the influence of each stakeholder, which could be an organisation, group or individual and their interest in or attitudes toward the project.
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Figure 1.5 Template for stakeholder mapping analysis





In project management, this is often shown using an influence-interest grid and the power-interest grid. The first step in your stakeholder analysis is to identify who your stakeholders are. Think of all the people who will be affected by your design activity, who have influence or power over it, or have an interest in it being successful or unsuccessful. They can then be prioritised by power and interest. You could plot this on an influence-interest or a power-interest grid. There are many templates for these online.
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Figure 1.6 Influence-interest matrix





SWOT analysis


Creating any new product involves consideration of its pricing, promotion and place of sale. It is useful to examine the strengths, weaknesses and the opportunities presented to help maximise your resources and be aware of possible pitfalls and problems.


A SWOT analysis is one of the methods that is used to evaluate strengths (S), weaknesses (W), opportunities (O) and threats (T) involved in innovative ideas, services and strategies. It is widely used in business but can be used when developing new products and systems.


A SWOT analysis sometimes focuses on two factors rather than the four factors. For example, potential opportunities in a specific product can be taken forward by building on the strengths of the product and overcoming the weaknesses identified.





•  Strength–Opportunity (S–O) – investigates and analyses the strengths in existing environments/products and opportunities for developing them.



•  Weakness–Opportunities (W–O) – identifies and analyses the weaknesses in products or existing solutions to build opportunities for the new product.



•  Strength–Threats (S–T) – identifies methods of using a product’s strengths to reduce the threats and market risk.



•  Weakness–Threats (W–T) – identifies and analyses the weaknesses in a product and builds a strategy to prevent the product’s weakness from being influenced by external threats.





How to carry out a SWOT analysis


Strengths





•  What are the advantages of the new product/system?



•  What are the product’s advantages over similar competitors in market?



•  What strength points do people see in the product?



•  What are the product’s unique selling points (USP)?





Weakness





•  What weakness could be improved in the design?



•  What issues should be avoided in a new product?



•  What are the factors that reduce sales of existing products?



•  Does the production process have limited resources?





Opportunities





•  What are the opportunities for the new product?



•  What are the trends to take advantage of?



•  How can we turn strengths into opportunities?



•  Are there any changes in the market or legislation which can lead to opportunities?





Threats





•  Who are the existing or potential competitors?



•  What issues can threaten the product on the market?



•  Will there be any shifts in consumer behaviour, legislation or market that can affect the product’s success?
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Figure 1.7 SWOT analysis





Focus groups


Focus groups are an invited group of intended/actual users who are asked to share their thoughts, feelings, attitudes and ideas on a certain subject, which may be an idea or design for a new product, an engineered system, an advertisement or packaging. The group usually comprises between six to ten people and the informal discussion normally lasts between one and two hours. The group will often represent people from a variety of backgrounds and careers, and a trained moderator ensures that everyone participates as fully as possible. The moderator will pose a series of questions and often use images and objects to gain views and opinions. Focus groups often form part of feasibility studies and market research, and are a good means of getting information from a small sample of people. Trained observers are often situated in an adjacent room with one-way mirror glass and can observe and record participants’ reactions. Alternatively, the focus group can be videoed for future observation. Focus groups provide qualitative data – their behaviour is observed and their opinions are obtained.


Usability testing evaluates products, systems and user interfaces by collecting data from people as they use a product or system. A person is invited to attend a session in which they are asked to perform a series of tasks to try out when using a product. Users are usually asked to verbalise what they’re doing and why they are doing it. Usability testing can be used as an input to design or at the end of a project. It represents an excellent way of finding out what the usability problems are likely to be.


Participatory design does not just ask users’ opinions on design issues, but actively involves them in the design and decision-making processes. An example would be a participatory design workshop in which designers and users work together to design an initial prototype.


Qualitative observations


Qualitative observation deals with data that can be observed with our senses: sight, smell, touch, taste and hearing. Colours, shapes and textures of objects are all qualitative observations. Some methods are outlined below.


Interviews usually involve one interviewer speaking to one participant at a time. The advantages of an interview are that a participant’s unique point of view can be explored and requirements can be understood in detail. Any misunderstandings between the interviewer and the participant are likely to be quickly identified and addressed.


Card sorting is a method for suggesting intuitive ideas. A participant is presented with an unsorted pack of index cards. Each card has a statement written on it that relates to a product or system being designed. The participant is asked to sort these cards into groups and then to name these groups. The results of individual sorts are combined and analysed statistically. Card sorting is usually used as an input to design. It’s an excellent way of determining the most important features to a user or group of users. Card sorting combines qualitative data based on group names and comments from participants, with quantitative data from the groupings of the cards.


Quantitative data can also be collected using surveys. Questionnaires can be used to ask users for their responses to a set of questions and are a good way of generating statistical data. They can be used to obtain a large sample size of opinions and feedback.


Market research


Market research is defined as the process of systematically gathering data on people, goods and services to determine whether a new or updated product or service will satisfy consumers’ and stakeholders’ needs. Market research can identify market trends, demographics, economic shifts, buying habits and important information on competition. This information can help to define target markets and establish a competitive advantage.


Introducing new or updated products on a constant basis is the best way to get attention and retain market share. New products are usually developed either because of market pull, where consumers demand a particular type of product, or by technology push, where new materials and/or technologies lead to innovative products being released onto the market.


New product development market research can involve:





•  feasibility analysis – is it possible? Will customers want it? Can it be manufactured at a price that will generate a profit?



•  investigation leading to idea/concept generation – from research, technical advisers (for example, engineers), consumers, employees, case studies, design consultancies



•  user trialling – testing products with selected consumers, feedback generated



•  launch – possible small-scale soft launch, gradual ‘roll out’ or full national launch of product.





Market research can be used to identify a number of different areas:





•  particular markets



•  the needs of consumers and stakeholders



•  what the competitors are doing



•  up-to-the-minute market trends



•  customer satisfaction relating to products and services



•  how much customers might be prepared to pay



•  how the product should be identified



•  naming and branding.





Market research can be primary, secondary or a mixture of both.


Table 1.1 Primary and secondary market research






	Primary

	Secondary






	

•  Collected first hand using questionnaires, interviews, observations, focus/user groups, surveys and field research


•  Usually conducted by specialist market research firm


•  Precise data, meets the exact needs of the organisation


•  Can be expensive




	

•  Uses widely available data from reference books and publications, government reports (e.g. census), trade/industry journals and online data sources


•  Provides information such as population trends and regional statistics, legislative trends and industry shifts


•  Can become quickly out of date or incorrect










Once market research has been gathered and analysed, decisions can be made as to the viability of the new or updated product. The stakeholder requirements identified will form the basis for designing.


Fashion and trend forecasting


This is an increasingly popular method used to identify opportunities for design.


Fashion forecasters gather facts and compile observations from wide-ranging fields such as art and design, science, technology, food and travel to predict the colours, fabrics, textures, materials, prints, graphics, accessories, footwear, street style and other styles that will be popular for the upcoming seasons. The concept applies to not one, but all levels of the fashion industry, including haute couture, ready-to-wear, mass market and street wear.


Trend forecasting takes a broader view, focusing on other industries such as automobiles, medicine, food and beverages, literature and home furnishings.


The fashion forecasting process carried out for a clothing retailer, for example, would include the basic steps of:





•  understanding the vision of the business and profile of target customers



•  collecting information about available merchandise



•  preparing information



•  determining trends



•  choosing merchandise appropriate for the company and target customer.





Enterprise


In the design context, the term ‘enterprise’ relates strongly to innovation. It captures brave and courageous decision-making, initiative and resourcefulness, making the most of opportunities to earn money, create or support new businesses, new and energetic undertakings, adventure and challenge. Businesses are often referred to as enterprises, particularly those breaking new ground. Enterprise can help drive the development of new product ideas through routes to innovation. These can be by individuals and start-ups or groups of people through crowdfunding.



Entrepreneurship


Entrepreneurship has traditionally been defined as the process of designing, launching and running a new business, such as a start-up company, often offering a product or service. Entrepreneurs are the people behind such initiatives or start-ups.


Some famous and successful businesses started in this way. Richard Branson became an entrepreneur at a young age. At the age of 16, his first business venture was a magazine. In 1970, aged just 20, he set up a mail-order record business. In 1972, he opened a chain of record stores, Virgin Records, later known as Virgin Megastores, before also moving into the worlds of trains, aviation and media. An entrepreneur is a person who starts a new business and usually risks their own money to start the venture. Other examples of well-known entrepreneurs include Steve Jobs, Bill Gates and Mark Zuckerberg.
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‘Entrepreneurs are usually confident and self-motivated. They are also willing to fail and start over again, taking the lessons they’ve learned to create something new and improved.’
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Business News Daily, ‘What is entrepreneurship’ (www.businessnewsdaily.com)


Commercial partnerships


As businesses grow and become global, the most forward-thinking companies recognise the need to forge partnerships with others, to share ideas and expertise to grow and gain access to new technologies and markets.


There are several famous examples of business partnerships, including Google, a company founded by Larry Page and Sergey Brin. Page and Brin met at Stanford University as students. Many more successful companies including Apple, eBay and Twitter were built by multiple leaders.


Although partnerships between mature multinational companies and growing companies can be challenging, they can also be mutually beneficial. Multinationals can gain market access and technology, while growing companies can gain a foothold into established markets. There are many examples of companies working together in partnerships.


The 2004 Anglepoise Type75 lamp, designed by Sir Paul Smith, was a wonderful advancement of the classic design we all know, incorporating the same spring mechanism that automotive engineer George Carwardine invented in 1932 for the original Anglepoise. ‘Collaborating with existing global brands and designers is a great way to present our brand in new territories’, explains Richard Sellwood, the Chief Executive of the Portsmouth-based company.
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Figure 1.8 Anglepoise’s collaboration with Sir Paul Smith enabled the company to sell their products in premium department stores around the world





PlantBottle® packaging is The Coca-Cola Company’s way of bringing positive change to the packaging industry using recyclable packaging derived from renewable plant material. Their collaboration with Heinz has helped to generate awareness for PlantBottle™ packaging across industries and consumers. Heinz are using the PlantBottle™ technology for its ketchup bottle. The bottle is 100 per cent recyclable: the resulting by-products can be re-used to manufacture more bottles, or to make other products, such as furniture or clothing.


Coca-Cola and Emeco collaborated to solve an environmental problem, up-cycling consumer waste into a sustainable classic chair. Made of 111 recycled PET bottles, the 111 Navy Chair is a story of innovation. Emeco has estimated that it will process more than 3 million PET bottles.
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Figure 1.9 111 Navy Chair





PlantBottle Technology™ from The Coca-Cola Company has been applied beyond PET packaging as part of the interior fabric of a Ford Fusion Energi plug-in hybrid research vehicle. This type of research and development partnership between companies can benefit both companies, even large international companies such as Ford and Coca-Cola.


Nike and Apple have been collaborating since the early 2000s, when the first iPod was released. The partnership has since evolved to become Nike+. Activity tracking technology is incorporated into athletic clothing and gear to sync with Apple iPhone apps to track and record workout data. Tracking transmitters can be built into shoes, armbands and even basketballs to measure time, distance, heart rate and calories burned. This co-branding benefits both companies to provide a better experience for customers.



Venture capitalists


Venture capitalists invest money into small companies that are trying to expand their business or people with great ideas who need finance and funding. In exchange for their investment, venture capitalists become stakeholders (holding a ‘stake’), with a strong interest in the businesses they are supporting. Some well-known UK companies were built with venture capital, such as lastminute.com, National Express Group and Trafficmaster. In the USA, companies such as Apple, Federal Express, Compaq (now part of HP), Sun Microsystems, Intel and Microsoft are famous examples of companies that received venture capital early in their development.


Venture capital not only funds new initiatives and innovative new products and companies. A large part of venture money supports a later stage of product development where the innovation is prepared for the market, or ‘commercialised’. This involves investment into building the infrastructure needed to grow the business in the expensive areas of manufacturing, marketing and sales. Funding to build the fixed assets of the business and provision of working capital is crucial for success. The best-known example we are all familiar with is TV’s Dragons’ Den where entrepreneurs and inventors pitch for investment from five venture capitalists willing to invest in exchange for equity. Entrepreneurs and inventors often make the mistake of thinking that venture capitalists are just looking for good ideas when, in fact, they are also looking for people with a reputation and skills in managing projects, people and finances, that they can have confidence investing in. They are investing in the person as well as the idea!


Venture funding can be a short-term or a long-term arrangement. Short-term capital investment enables a business to reach self-sufficiency in terms of sales and revenue, or to reach a point of credibility and value where the business can either be sold or become part of a larger company, and the venture capital investor can exit from their involvement with a healthy return/profit on their investment and look for a new venture to support. Long-term funding and investment has the potential to give constant and potentially increasing returns to the capital investor, in a more ‘partnership’ and ‘joint ownership’ arrangement.


The funds for venture capital investments are typically very large institutions such as pension funds, financial and insurance companies and university endowments, that put a small percentage of their total funds into what are ‘high risk’ but potentially ‘high return’ investments.


Crowdfunding


Crowdfunding is a way of raising finance by asking a large number of people for a small amount of money. Until recently, financing a business, project or venture involved asking a few people for large sums of money. Crowdfunding switches this idea around, using the internet to talk to thousands – if not millions – of potential funders. Typically, those seeking funds will set up a profile of their project on a website (called a crowdfunding platform). They can then use social media, alongside traditional networks of friends, family and work acquaintances, to raise money. There are three different types of crowdfunding: donation, debt and equity.





•  Donations are made by people who invest simply because they believe in the cause. They do not expect a payback but might be acknowledged on an album cover, receive tickets to an event or get free gifts and updates.



•  Debt funding means investors receive their money back with interest, but also know they contributed to the cause or product’s success.



•  Equity funding means investors invest in an opportunity in exchange for equity, shares or a small stake in the business, project or venture.





Well-known crowdfunding websites include Kickstarter, Indiegogo and Crowdfunder.


Other successful platforms used to share ideas in the design world include:





•  Quirky – this is a community-led invention platform. It aims to partner with inventors in developing and making their ideas successful, empowering everyday problem solvers to share their ideas with the world.



•  Behance – this is another online platform to showcase and discover creative work. The creative world updates their work in one place to broadcast it widely and efficiently, allowing companies to explore the work of designers and access talent on a global scale.
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ACTIVITY


Explore some of the websites mentioned and find examples of successful new products and design projects that have benefited from crowdfunding, venture capitalist funding or some sort of partnership. Explain the reasons for their success.
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KEY TERMS


Branding – the process of creating a product identity and name, logo or design that makes a product identifiable to consumers.


Crowdfunding – an online method of raising finance by asking a large number of people each for a small amount of money.


Enterprise –another name for a business. This refers to the initiative of an individual or organisation and their willingness to take risks to develop new projects and ventures.


Feasibility analysis – considering how possible and realistic it is to proceed with a project, i.e. to manufacture a product.


Focus group – an organised discussion led by a moderator where people are asked about their views and experiences of a product, brand or service.


Innovative – the development of an idea which is new, different and ambitious. The design can be risky and introduce aesthetics or function that hasn’t been seen before. Innovation comes from pushing beyond the expected.


Iterative design – a continual and cyclical design development process to refine and perfect the product. Ongoing testing of models and prototypes, incorporating improvements and progressing towards an optimum solution for all stakeholders.


Participatory design – design which actively involves all stakeholders and users in the design process.


Project management – the act of defining, initiating, planning, executing, monitoring and completing the work of a team to meet a specific target. It is the planning and control of everything involved in delivering an end result to meet the stakeholder requirements; getting the job done.


Qualitative observations – these use the senses (sight, smell, touch, taste and hearing) to observe results and explain how we feel.


Quantitative observations – made with instruments such as rulers, scales and balances, graduated cylinders, timers, beakers and thermometers. These results are measurable.


SWOT – an acronym for strengths, weaknesses, opportunities and threats. A SWOT analysis can be carried out on any subject (for example, a product, person, business, industry or place).


User-centred design (UCD) – a design strategy or design approach focused on the user. Its aim is to make products and systems usable.
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KEY POINTS





•  A focus group is an organised discussion led by a moderator where people are asked about their views, experiences and perceptions of and attitudes towards a product, brand, service, idea, advertisement or packaging. A focus group is qualitative research because participants give open-ended responses which will convey thoughts or feelings. Focus groups often form part of feasibility studies and market research.



•  Sometimes called ‘human-centred design’, user-centred design (UCD) is a design strategy, or design approach, with the aim of making products and systems usable. It focuses on the user interface – how the user interacts with and relates to the product – creating products with a high level of usability. It draws from many different subject areas and disciplines.



•  SWOT is an acronym for strengths, weaknesses, opportunities and threats. A SWOT analysis can be carried out on any subject (for example, a product, person, business, industry or place). The analysis starts with an aim and then identifies the strengths and weaknesses of the subject (product, person, etc.) to achieve the aim, and the opportunities and threats associated with the aim.



•  Enterprise captures initiative and resourcefulness, making the most of opportunities to earn money, create or support new businesses. Businesses are often referred to as enterprises, particularly those breaking new ground. Enterprise can help drive the development of new product ideas with individuals (entrepreneurs) and start-ups or groups of people in partnerships or through crowdfunding.
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1.3 How can usability be considered when designing prototypes?
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LEARNING OUTCOMES


By the end of this section you should have developed a knowledge and understanding of:





•  how to analyse and evaluate factors that may need consideration in relation to the user interaction of a design solution, including:







    –  the impact of a solution on a user’s lifestyle


    –  the ease of use and inclusivity of products


    –  ergonomic considerations and anthropometric data to support ease of use


    –  aesthetic considerations.








•  the ergonomic factors that may need considering when developing products, including:







    –  anthropometric data to help define design parameters associated with the human body


    –  user comfort, layout of controls, software user interface.
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The impact of a solution on a user’s lifestyle


When developing products and/or systems, designers need to consider how they can meet the needs of a wide variety of users and the way in which they live. Every design decision has the potential to include or exclude some part of the population. Usability means making products and systems easier to use and matching them more closely to user needs and requirements.


The international standard ISO 9241-11 that provides guidance on usability defines it as, ‘The extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use.’


Usability is about:





•  Effectiveness – how easily can users complete tasks and achieve goals with the product (can they do what they want to do)?



•  Efficiency – how much effort do users require to complete tasks with the product (often measured in time)?



•  Satisfaction – what do users think about the product’s ease of use (is it a pleasurable experience)?





This depends on who is using the product, what the user is trying to do with the product and the situation (or ‘context of use’) – where and how is the product being used?


Usability should not be confused with ‘functionality’. Increased functionality does not mean improved usability! Often simple products are the easiest to use. Usability can encompass making things usable for a wider population, like making a handle a shape and size that children, as well as adults, can use. It also includes ‘making something do more things’. Just think of the increased usability of your laptop or tablet computer over a desktop computer and how that can improve your lifestyle.


The ease of use and inclusivity of products


Designing for all is known as inclusive design; taking into consideration the widest possible audience. This will involve having to consider a number of factors including age, gender, size, weight and disabilities. The vast majority of us will suffer at least temporary disability at some point in our lives as we grow older.


This does not mean you must design for everyone in the world, but it means aiming to exclude as few as possible during the whole design process.
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‘Inclusive design aims to remove the barriers that create undue effort and separation. It enables everyone to participate equally, confidently and independently in everyday activities.’
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‘The Principles of Inclusive Design’ published by CABE – The Commission for Architecture and the Built Environment (the UK Government’s advisor on architecture, urban design and public space)


The UK Institute of Inclusive Design actively promotes inclusive design. The Helen Hamlyn Centre for Design and the Design Council provide resources on this topic. See the Design Council website at www.designcouncil.org.uk and search for principles of inclusive design.


Ergonomic considerations and anthropometric data to support ease of use
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‘If an object, an environment or a system is intended for human use, then its design should take into account the characteristics of its human users.’
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Stephen Pheasant



Ergonomics


Ergonomics is about the ‘fit’ between people and the things they do, the objects they use and the environments they work, travel and play in. If a good fit is achieved, the stresses on people are reduced. They are more comfortable, they can do things more quickly and easily and they make fewer mistakes. So, when we talk about ‘fit’, we don’t just mean the physical fit of a person, we are concerned with psychological and other aspects too. Ergonomics involves the layout of controls, use of colour, size of fonts, the software user interface, the weight of products, sound and vibration factors and brightness of display screens, all of which affect how comfortable a product is to handle or use. Good ergonomics often leads to good usability.


Increases in worker productivity over the last century are mainly due to increased education and ergonomics. Increased market share for new products are mainly a result of good user experiences, which owe a lot to ergonomics.


It doesn’t take long to get frustrated with a poorly designed product or system. Bad ergonomics not only destroys productivity, but can spoil your mood or ruin your day – bad ergonomics can have a significant psychological impact on users.



Anthropometrics


Anthropometrics are people measurements. Anthropometric data comes in the form of charts and tables. They may provide specific sizes, such as finger lengths and hand spans, but they also offer average group sizes for people of different age ranges. Other sizes to consider are heights, reach, grip and sight lines.


There are three general principles for applying anthropometric data:





•  Design for the extreme.



•  Design for adjustability.



•  Design for the average.





Percentiles


The use of percentiles is an important aspect of anthropometrics. The sizes of the human body given in anthropometric data are usually presented in tables and normally include the 5th percentile, the 50th percentile (the average) and the 95th percentile. Look at some anthropometric data and notice the different percentile measurements.
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Figure 1.10 Percentiles





The 50th percentile is the most common size, the average. The 5th percentile indicates that 5 per cent of people (or one person in 20) is smaller than this size. The 95th percentile indicates that 5 per cent of people (or one person in 20) is larger than this size. Very few people are extremely large or very small.


Which percentile range, and therefore which size to be used from anthropometric data tables, will depend on what is being designed and who will be using it. Is the product for all potential users or just the ones of above or below average dimensions?


Aesthetics


Very often, customers are drawn to products because of their visual impact. Aesthetics, in its widest interpretation, is involved with our senses – vision, hearing, taste, touch, smell – and our emotional responses to objects and things.


In Design for the Real World, Victor Papanek describes how automotive designers in Detroit, looking at making car dashboards more symmetrical and aesthetically pleasing by relocating ash trays, controls and switches, could have resulted in 20,000 fatalities and 80,000 serious injuries over a five-year period. This happened because of drivers having to over-reach for controls, diverting attention from driving for split seconds longer.


Sometimes a design is considered intuitive. That means that the design works the way the user would expect it to, either adopting the ‘standard’ or ‘stereotype’ convention (for example, volume increases through turning a control clockwise) or through design communication and aesthetics such as labelling or the display/interface showing which direction to turn the control to increase volume. Form, colour, control layout or other design elements can all indicate how controls should be used. When the process of using a product moves along a natural, logical or otherwise expected path then it is intuitive. An intuitive design does not need much training. When someone says a product is ‘easy to use’ or ‘intuitive’, they mean people instinctively know how to use it, that clicking a button does precisely what they would expect it to do.


Affordance is a word becoming more familiar in industrial design and refers to the aesthetics, features or characteristics of an object that ‘suggest’ how it functions or how the user should interact with it or operate it. Good affordance gives a product usability. For example, a door with a handle suggests that it should be pulled, so has good affordance.
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Figure 1.11 A mains plug naturally plugs into a mains socket – the form and shape of the pins on the plug suggest that they fit in the socket





Much of Apple’s success is down to their founder, Steve Jobs, who felt that a core component of design simplicity was making products intuitively easy to use. Sometimes a design can be so sleek and simple that a user finds it intimidating or unfriendly to navigate. His key principle in designing was to ‘make things intuitively obvious’. Distinctive design – clean and friendly and fun – became the hallmark of Apple products under Jobs.


Dieter Rams and his team at Braun (1956–78) were very influential, producing hundreds of wonderfully conceived and aesthetically designed objects. The iPhone and iPod Touch were clearly inspired by Rams. Today Dieter Rams is best known for his range of minimalist shelves, made by Vitsoe.


Rams introduced the idea of sustainable development and of obsolescence being a crime in design in the 1970s. Accordingly, he asked himself the question: ‘Is my design good design?’ The answer formed is now the celebrated ten principles that are important to any designer with usability and good design as their principle.


Good design:





•  is innovative – technological development is always offering new opportunities for original designs. But imaginative design always develops in tandem with improving technology and can never be an end in itself.



•  makes a product useful – a product is bought to be used. It has to satisfy not only functional, but also psychological and aesthetic criteria. Good design emphasises the usefulness of a product while disregarding anything that could detract from it.



•  is aesthetic – the aesthetic quality of a product is integral to its usefulness because products are used every day and have an effect on people and their well-being. Only well-executed objects can be beautiful.



•  makes a product understandable – it clarifies the product’s structure. It can make the product clearly express its function by making use of the user’s intuition. It is self-explanatory, its appearance helps you to understand its functionality.



•  is unobtrusive – products fulfilling a purpose are like tools. They are neither decorative objects nor works of art. Their design should therefore be both neutral and restrained, to leave room for the user’s self-expression.



•  is honest – it does not make a product appear more innovative, powerful or valuable than it really is. It does not attempt to manipulate the consumer with promises that cannot be kept.



•  is long-lasting – it avoids being fashionable and therefore never appears antiquated. Unlike fashionable design, it lasts many years – even in today’s throwaway society.



•  is thorough down to the last detail – nothing must be arbitrary or left to chance. Care and accuracy in the design and its finer detail show respect towards the consumer.



•  is environmentally friendly – design makes an important contribution to the preservation of the environment. It conserves resources and minimises pollution throughout the lifecycle of the product.



•  is as little design as possible – less, but better – because it concentrates on the essential aspects and the products are not burdened with non-essentials. Back to purity, back to simplicity and simple aesthetics.





These principles are still important to designers of all disciplines today. In the 2009 documentary film Objectified, Rams states that Apple Inc. is one of the few companies designing products according to his principles.


Aesthetic appreciation involves shape, colour and form. Shapes are formed as a result of closed lines. Shapes can be visible without lines when a designer establishes a colour area. They may be composed from parts of different objects in an arrangement; they can be gaps, or negative shapes between the objects. Basic shapes include circles, squares, triangles and polygons, all of which appear in nature in some form or another. Form refers to the three-dimensional quality of an object.


Colour is very important in design and can help make a product easier to understand or use. It also creates responses by stimulating emotions and can excite, impress, entertain and persuade. Catching the consumer’s attention and conveying information effectively are critical to successful sales. A designer must be aware of how people respond to colour and colour combinations.


Table 1.1 Colour associations in design






	Colour

	Description






	Red [image: ]


	Aggressive, passion, strong and heavy, danger, socialism, heat






	Blue [image: ]


	Comfort, loyalty and security, for boys, sea, sky, peace and tranquillity, cold






	Yellow [image: ]


	Caution, spring and brightness, joy, cowardice, sunlight






	Green [image: ]


	Money, health, jealousy, greed, food and nature, inexperience






	Brown [image: ]


	Nature, aged and eccentric, rustic, soil and earth, heaviness






	Orange [image: ]


	Warmth, excitement and energy, religion, fire, gaudiness






	Pink [image: ]


	Soft, healthy, childlike and feminine, gratitude, sympathy






	Purple [image: ]


	Royalty, sophistication and religion, creativity, wisdom






	Black [image: ]


	Dramatic, classy and serious, modern, evil, mourning






	Grey [image: ]


	Business, cold and distinctive, humility, neutrality






	White [image: ]


	Clean, pure and simple, innocence, elegance







In design, we often refer to ‘good taste’ or ‘bad taste’. We all have our own views and preferences regarding what is ‘aesthetically pleasing’ and what combinations of shapes, colours and aromas work. Designers and market researchers will aim to predict trends each season and will acknowledge that taste changes quickly, depending on factors such as peer pressure and celebrity endorsement.


Using ergonomic factors when designing and developing products



Ergonomics in action
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Figure 1.12 When designing cars, manufacturers have to make sure the controls can be easily reached and the dashboard displays easily seen, by the tallest and the smallest drivers.





Dynamic dimensions or dynamic anthropometry data is used in designing systems that take into account the limits to the reach of body movement. For example, in car design, mock-ups are used to capture key measurements. Car designers build full-scale mock-ups and test them with real people and crash test dummies, full-scale anthropomorphic test devices that represent children to adults. 3D virtual manikins are also used in conjunction with CAD (computer-aided design) software to simulate, analyse and understand the way humans interact with seats, spaces, displays and controls in a vehicle, as well as lighting and ventilation, discovering ergonomic issues during the design process.
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Figure 1.13 Designers can simulate the way humans interact with seats, spaces and controls which makes it possible to predict posture and accessibility to key functions early in the design process





Some useful reference books and websites are given at the end of this chapter. When using ergonomics and anthropometrics in your NEA iterative project it is important to remember:





•  Online anthropometric data often uses measurements from military personnel (a sample of ‘healthy’ people). The data may be dated (the population may be changing year over year). Remember that measurements are taken with nude subjects (normally, people wear clothes and shoes at work).



•  Use the data to help design a rough prototype model, then find some testers (perhaps friends or family). Match your primary user’s age if possible. Have your testers mimic real-life use of your design and record what difficulties, clearances, reaches, etc. they have. Record what you observe, as well as what they say, and take formal measurements. Make adjustments or tailor the design.



•  Record what percentiles are accommodated by the improved design and, explicitly, consider the consequences for users who cannot be accommodated, thinking of safety, discomfort and extra instructions needed. Could adjustments be incorporated into the design to make it more inclusive?



•  By adding data about people into the design process, a product or environment can be designed so that all users are accommodated, not just those who resemble the designer!





Anthropometric data can be used to help define design parameters associated with the human body, using sizes to work out the most comfortable fit for a running shoe, the best layout for a control panel or keyboard or the best angle to sit at a workstation.





[image: ]

Figure 1.14 Examples of anthropometric data





Ergonomics also provides data on how much force we can comfortably push or pull, what loads we can carry and the best postures for lifting things, what size and type of fonts are most easily readable for displays, what colours are better to use for clarity, what temperatures are comfortable and what noise levels and vibrations are suitable for us to work in.


All devices and displays that we use to form part of a machine interface also have to take usability and ergonomics into consideration. There are displays that are specifically designed to carry changing states to us, whether it’s simply that a device is on or off, dials and the screens that we are familiar with from everyday objects such as cars and complex systems such as aircraft control cabins. Ergonomists need to establish good principles of display design which will transcend different forms of technology.


General principles of good display design can be translated into specific principles within an environment. In the early days of printing, the maximum contrast that could be obtained from the printed word involved using black symbols/letters on white paper. The almost universal use of this principle was not applicable in the early days of computer screen technology. Initially, it was much easier to present the lettering as the bright source against the screen as the dark source. This was the reversal of the normal principle. Current computer screen technology has re-established the principle of dark on light. Many people in designing their web pages choose colours that they think go well together, but often these combinations produce problems for reading text.


Displays will generally be effective if they are easily seen and can be understood in the space and lighting in which they are used. General principles for display include the following:





•  visible – you can easily and clearly see the display, it may change in some way, for example, flash or change colour



•  easy to understand – you can make the correct decisions and control actions with minimum effort and delay



•  compatible – the display can be used easily with others and you are not confused. The movement and layout of displays matches those of their controls.





User interface


The importance of user interface design is crucial when we switch on the TV or use our smartphone or washing machine. We need a practical and simple user interface (UI) to prevent common mistakes, speed up our daily activities and make using products more pleasurable. The decisions a designer makes can affect how intuitive a product is to use.


Colour and font style/sizes are all important in interface design. It is recommended that no more than four different font sizes should be used per screen. Serif or sans serif fonts should be used appropriately as the visual task situation demands and generally a mix of uppercase/lowercase text works best. Colours should be used appropriately and make use of expectations, for example using green for ‘okay’, ‘on’ or ‘go’; yellow or orange for ‘caution’ and red for ‘danger’ or ‘stop’. Blue text is hard to read on screen, but blue is a good background colour. High-contrast colour combinations are used for ease of understanding/readability and colours should always be used consistently.
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Figure 1.15 Research by Hyunjin Song and Norbert Schwarz shows that the way we perceive information can be affected dramatically by how simple or complex the font is. In particular, their work found that a simple font was more likely to get the readers to make a commitment





Similarity is an important aesthetic feature used in the designing of products with user interfaces. Similarity indicates related elements and colours and it can be an effective strategy when designing, when there are no more than four colours. A design can still be useable by the colour blind if simple shapes are used, as the grouping effects of colour and shape will cause elements to be distinct enough to distinguish.
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Figure 1.16 Similarity can be useful when designing control panels. Look at a remote control to see how this has been used





Designing the User Interface by Ben Shneiderman provides some good advice for interface design.





•  Visibility of system status. Users should be clear about system operation and status with an easy-to-understand, clear, visible status displayed on the screen.



•  Designers should mirror the language and ideas users would find in the real world. Presenting information in a logical order and according to users’ expectations derived from their real-world experiences, reduces cognitive strain and makes systems simple and straightforward to use.



•  Interface designers should ensure that both the graphic elements and terminology are consistent across similar platforms. For example, icons that represent one category or concept should be similar or the same.



•  Because of short-term memory, designers should allow users to recognise rather than recall information.



•  With increased use comes the demand for less interaction and faster navigation. Users should be able to customise an interface to suit them and their needs.



•  Aesthetic and minimalist design. Clutter on the screen should be kept to a minimum and only show components for the current task.



•  Designers should assume users are unable to understand technical terminology – error messages should almost always be in simple language.



•  Help buttons should be easily located and worded in a way that will guide simply towards a solution to the issue they are facing.





(www.interaction-design.org/literature/article/shneiderman-s-eight-golden-rules-will-help-you-design-better-interfaces)


Software user interface


Many electronic products feature a microcontroller containing a software program which gives the product a high level of functionality. A microcontroller will also be responsible for the functional part of the user interface and will give rise to the ‘smart’ operation of the product.
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Figure 1.17 All of the basics of good UI (user interface design) can be found in the design of Dieter Rams turntable. For example, the buttons that can be pressed and the dials that can be turned are all immediately apparent





Current electronic products have moved towards minimising the number of buttons (to perhaps a single button) which are then used to navigate through software options or menus, allowing a user to select and adjust parameters should they wish to, while leaving most functions pre-set at a default value which will work well for most users. In some designs, a set of unlabelled buttons (called soft keys) are placed alongside a display screen which indicates the function of the buttons with labels on the screen. The soft key function will change according to the screen display, allowing just a few keys to be used for, perhaps, hundreds of different functions.


The current trend is towards removing buttons altogether and relying on touch screens to act as the output and input for a user interface. Voice recognition and speech technology are also becoming a more common way of humans interacting with electronic systems.


A well-designed software UI should be intuitive to use. Commonly used functions should be quickly accessible and not hidden away in sub-menus.




[image: ]

Figure 1.18 Soft keys on an ATM machine





Some good practice when designing user interfaces


The maximum display-viewing distance should be determined by the size of details shown on a display. The reading distance for displays is usually 300–750 mm, as most displays have to be read at arm’s length and must allow you to reach or adjust controls. Displays may have their own internal or back-lighting, but if not, their design should be suited to the lowest expected lighting level.


The preferred angle of view for displays should be 90 degrees. The scale must be legible and you should avoid multiple or non-linear scales. Scale numbers, marking strokes and pointers should contrast well in tone and colour with the display face. Scale numbers should increase clockwise, left to right, or upward, as we would expect them to.


Further guidance for interface design can be found at:





•  The International Standards Organisation (www.iso.org) – standard ISO 14915-1:2002 gives guidance on software ergonomics for multimedia user interfaces



•  Cornell University’s Ergonomics Web (http://ergo.human.cornell.edu/) – look in particular for the ergonomic guidelines for user-interface design.
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ACTIVITIES





1  Consider which specific anthropometric data and percentile range you would need to use for the:







    a)  the height of a doorway


    b)  the size of a handle for a lawn mower


    c)  the size of ventilation slots in the casing of a hairdryer


    d)  the diameter of a screw-top water bottle.








2  When designing, it is important to try to design tools and hand-held items for operation with both hands. When only right-handed users are considered, left-handed users may be at an increased risk of injury.


A simple experiment can demonstrate how the wrong angle can affect strength and grip in your hand.


Stand with your arms at your side. Bend your right elbow at a 90-degree angle. Hold your hand out straight with your palm open; your wrist should be straight. Place two fingers from your left hand in your palm; keeping your right wrist straight, make a fist around these fingers and squeeze hard as a test of your grip strength.


Now, repeat the procedure, but this time bend your wrist at a sharp angle so your palm faces in towards you. Was your grip affected at this position? Have you ever tried to complete a task that was much more stressful than normal because your body was twisted or extended in an odd way?



3  Data and advice is readily available in publications from the HSE and BSI and online. Try to find advice and data that applies specifically to your area of study.



4  Consider the user interface for a household item you regularly use, such as the microwave, iron, vacuum cleaner. How has the designer considered the user in the design of the product in terms of both usability and UI?
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KEY TERMS


Anthropometrics – the study of the sizes of the human body. (Anthropo- is a prefix from Anthropos which means human in Greek; metric should help you remember measurement.)


Culture – the ideas, customs and social behaviour of a particular group of people or society.


Ergonomics – the study of the interaction between people and products, and the application of theory, principles, data and methods to the design of products to ensure maximum usability and efficiency.


Inclusive design – designing products that are accessible to (can be understood and used by) everyone without making changes or adaptations.


Percentile – a means of representing anthropometric data statistically, indicating the sizes of the human body of a specific percentage of people.


Throwaway society – the collective mind-set of consumers to dispose of products before they have reached the end of their life, simply to purchase updated or more fashionable versions.


Usability of a product – involves thinking about different ways in which people interact with the product and how easy it is to understand and use.


User experience design (UX) – the process of enhancing user satisfaction with a product by improving the usability, accessibility and pleasure provided in the interaction with the product.


User interface design or user interface engineering – the design of user interfaces for machines and software, such as computers, home appliances, mobile devices and other electronic devices, with the focus on usability and the user experience.
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MATHEMATICAL SKILLS


Interpreting, understanding and presenting data gathered from observations or secondary sources such as anthropometric data.





•  Use appropriate methods to present performance data, survey responses and information on design decisions, including the use of frequency tables, graphs and bar charts.



•  Understand and apply fractions and percentages when analysing data given in tables such as anthropometric data and charts.



•  Interpret and extract appropriate data from technical and graphical sources.



•  Interpret and construct charts appropriate to the data type; including frequency tables, bar charts, pie charts and pictograms for categorical data, vertical line charts for ungrouped discrete numerical data. Interpret multiple and composite bar charts.



•  Calculate the mean, mode, median and range.



•  Compare data sets using ‘like for like’ summary values.
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KEY POINTS





•  Assessing the usability of a product involves thinking about the people who will use it (for example, their background and culture), different ways in which people interact with the product (for example, opening, closing, operating, carrying, adjusting or switching) and the different situations (for example, bright or dark, outdoors or indoors) in which the product will be used. It can involve both UI and UX.



•  Inclusive design is designing products that are accessible (can be understood and be used by everyone without making changes or adaptations).



•  Ergonomics is the study of how we interact with products and environments, from jewellery, tools, furniture and clothing, to roads, transport, buildings and outdoor spaces.



•  Anthropometrics is the study of the sizes of the human body. Data comes in the form of tables and we refer to percentiles. The 50th percentile is the most common size, or the average; the 5th percentile indicates that 5 per cent of people are smaller than this and the 95th percentile indicates that 5 per cent are larger than this size.
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Further reading on identifying requirements





•  Papanek, V. (2005), Design for the Real World, 2nd edition, Thames and Hudson, ISBN 9730500273586



•  Klemp, K. and Ueki-Polet, K. (2015), Less and More: The Design Ethos of Dieter Rams, ISBN: 9783899553970



•  The Design Council, The Principles of Inclusive Design, www.designcouncil.org.uk/resources/guide/principles-inclusive-design




•  Norman, D.A. (2013), The Design of Everyday Things, 2nd edition, MIT press, ISBN 9780262525671



•  Pheasant, S. (1987), Ergonomics-standards and guidelines for designers, London, BSI Standards, BSI Catalogue Number PP 7317: 1987, ISBN 0580153916



•  BSi British Standards, standards relating to ergonomics, human factors, user-centred design, www.bsigroup.com/en-GB/industries-and-sectors/health-and-safety/ergonomics/




•  Tilley, A.R. (2002), The Measure of Man and Woman: Human Factors, revised edition, Henry Dreyfuss Associates, ISBN: 9780471099550



•  The Principles of Design, www.doctordisruption.com/design/principles-of-design-71-accessibility/#more-2014




•  Lidwell, W., Holden, K. and Butler, J. (2003, 2011) Universal Principles of Design (125 Ways to Enhance Usability, Influence Perception, Increase Appeal, Make Better Design Decisions, and Teach through Design), Rockport Publishers, Inc, ISBN: 9781592535873



•  Core77 (www.core77.com) is an online publisher for design students and professionals. Innovative, entrepreneurial and inspirational design thinking and approaches.



•  Shneiderman, B. et al. (2016), Designing the User Interface: Strategies for Effective Human-Computer Interaction, 6th edition, Pearson





[image: ]







[image: ]


PRACTICE QUESTIONS: identifying requirements
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1  Carry out a task and stakeholders analysis for a given context, for example, an office space or a restaurant.



2  Describe, using sketches and notes, three examples where anthropometric data has been taken into account in the design of an electrical product of your choice.



3  Describe, using sketches and notes, three examples where ergonomics (other than anthropometrics) have been taken into account in the design of an electrical product or product interface of your choice.



4  Carry out an analysis of the software user interface on an electronic product. Identify how functionality is achieved through the use of buttons, screens or other controls.
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1  Carry out a task and stakeholders analysis for a given context, for example, a retail store or a manufacturing warehouse.



2  Describe, using sketches and notes, three examples where user requirements and sizing have been taken into account in the design of a garment of your choice.



3  Describe, using sketches and notes, three examples where ergonomics (other than anthropometrics) have been taken into account in the design of a fashion accessory of your choice.
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1  Carry out a task and stakeholders analysis for a given context, for example, an outdoor entertainment venue or public waiting area in a train station.



2  Describe, using sketches and notes, three examples where anthropometric data has been taken into account in the design of a consumer product of your choice.



3  Describe, using sketches and notes, three examples where ergonomics (other than anthropometrics) have been taken into account in the design of a consumer product of your choice.
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2 Learning from existing products and practice
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PRIOR KNOWLEDGE


Previously you could have learnt:





•  techniques to explore and critique existing designs



•  how to analyse existing products to identify materials, components and processes that have been used



•  how fashion, trends and style have influenced existing products



•  how marketing and branding can influence consumer choices



•  how wider issues have been considered, when examining an existing product.
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TEST YOURSELF ON PRIOR KNOWLEDGE:





1  Select a product and list the materials and components used. Identify why the designer selected them.



2  Select a specific trend or style and explain how it influenced the aesthetics or form of a selected item.



3  Select a product and, in small groups, create a marketing strategy that would ensure success when the product is released for sale.



4  Select a product and explain how the manufacturer has ensured it has remained popular for the longest possible time.
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2.1 Why is it important to analyse and evaluate products as part of the design and manufacturing process?
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LEARNING OUTCOMES


By the end of this section you should have developed knowledge and understanding to:





•  analyse and evaluate the features and methods used in existing products and design solutions, to inform opportunities and constraints that may influence design decisions to offer product enhancement, including:







    –  the context of the existing product and the context of future design decisions


    –  the multiple materials and components used


    –  methods of construction and manufacture


    –  how functionality is achieved


    –  the ease of use, including ergonomic and anthropometric considerations


    –  inclusivity of products and appropriate considerations of application to a wide variety of users


    –  fitness for purpose


    –  the impact on user lifestyles


    –  the effect of trends, taste and/or style


    –  the effect of marketing and branding


    –  the considerations of how to get a product to market.
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The analysis and evaluation of existing products is used by most professional designers as a key stage in the design, manufacture and development of new products. By carrying out product analysis on existing products, the designer has the opportunity to gather useful information as a starting point for further development or redesign. Designers will evaluate fundamental decisions and choices that have been made during the whole process of manufacture. This can help designers develop products further by being able to utilise new technologies and materials or be able to design a product that meets the end purpose or wider considerations more effectively. The completion of a successful analysis and evaluation of an existing product can ultimately result in a competitive product being developed, manufactured and marketed that fulfils a gap in the market.
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Figure 2.1 Product analysis of adaptable clothing for consumers with arthritis or Alzheimer’s
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Figure 2.2 Product development of adaptable clothing for consumers with arthritis or Alzheimer’s





The context of the existing product and the context of future design decisions


The introduction of new and innovative products is essential to any economy. To ensure the successful development of a new product, a thorough analysis of similar existing products is crucial and should be factored into the research stages. A designer will first examine and investigate existing products, taking into consideration all the stages involved, from the initial concept through to the marketing. This research should help to ensure that a new product design will meet the requirements of its stakeholders and users through any number of developments and will ultimately be commercial and profitable.


Primary and secondary research is used to gather important information. Primary research means an in-depth and first-hand exploration of existing products and their users by the researcher and contact with stakeholders affected by the product, whose feedback will be important during the product development. This usually involves direct communication and interaction. For example, products can be evaluated and tested by focus groups to establish their strengths and weaknesses. Secondary research will involve the examination of published data and reviews on products, relating to their performance, features, reliability and returns following product breakage or failure.


However, the crucial factor in both processes is the opinions of the users, as they will be the potential buyers of a new product and therefore determine its success. The objective of product development is to nurture, preserve and increase a company’s profit by satisfying a consumer demand. Defining the stakeholders and users of a product, and obtaining their views on existing products, must take place early in the product development process. The following list is not exhaustive and it is likely a variety of these methods will be used during the process of investigating existing products and establishing the requirements for a new product.





1  Interviews and focus groups are used to gain an understanding of stakeholder and user opinions on existing products. This tends to be qualitative research.



2  User surveys can be carried out and analysed to assess measurable data to formulate facts and uncover patterns and trends. This is quantitative research.



3  Feedback from website forums.



4  Social media is now a fundamental method for businesses to access millions of consumers and gather feedback regarding products. However, it can be very difficult to control rumours and speculation about products, which can be disastrous to a brand.



5  Analysis of products returned for repairs. The analysis of reoccurring faults on a product can identify specific problems and lead to a more successful design.



6  Product recalls can be very damaging to a company’s reputation as it usually means a product has failed in the same manner on numerous occasions for different users. However, product recalls can also be beneficial to the company, and its competitors when developing similar products, because they can ensure the same mistake isn’t made.



7  Analysis of customer service enquiries/complaints can be an excellent basis for further product development.





While the analysis refers more to the examination and investigation of a product, evaluating refers more to assessing its value and suitability. For example, analysing a product to establish the material used but then evaluating its suitability. This can be achieved in a number of ways:





•  How easy the product is to use. The most obvious way of assessing this is to study the ergonomics of the product. It could also be assessed for how suitable and effective the product is to fulfil the purpose it has been designed for, by observation of the user using the product, possibly carrying out a range of tasks to reveal strengths and weaknesses.



•  How well the product and the various component parts perform and function.



•  The suitability of the materials that have been listed as part of the analysis. Assessing why the materials have been selected.



•  The suitability of the methods of construction, manufacture and assembly. Is it likely that joints could be weak or that fasteners could come loose following repeated use? The materials and construction methods can be evaluated to establish their suitability by carrying out tests. This should give a product developer an insight into the design decisions that were originally made. The results can form a basis to improve the design of the product or to make choices and selections that will improve product function.
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Figure 2.3 Reasons for product development








•  The impact of the product. When evaluating a product, the designer may have to consider wider issues. For example:







    –  What impact will the material selection and manufacture have on the environment?


    –  Does the product improve quality of life for the users?


    –  Does the manufacture of the product maintain traditional skills?


    –  Does the making of the product infringe any human rights?








•  Value for money aspects. By comparing and evaluating existing products it is possible to establish the level of market the designer and manufacturer was aiming for and whether the product has been priced to be comparable with similar products. When developing a new product, the manufacturer will want to ensure the product is value for money otherwise they could risk low sales. Which? magazine, published by the Consumers’ Association, is a leader in product reviews and consumer affairs and is for many a first point of reference when making buying decisions.





The designer will be striving to develop a more innovative but viable product. This can be achieved through the use of new manufacturing techniques, materials or simply by design.


Changing consumer requirements


Consumer and stakeholder requirements are constantly changing, and designers and manufacturers must meet these demands to succeed. This means continual change and updating to prevent their customers switching to a competitor. Many companies employ a research team to source the latest products that are being produced by their competitors. An example of changing consumer requirements can be seen as a result of today’s culture to remain active and fit. Designers and companies are developing products to meet this requirement and many fashion designers now produce sportswear ranges alongside their usual products.


Product lifecycle


A product eventually comes to the end of its natural lifecycle. For a company to be successful, it should be able to predict this and develop an existing product or introduce a new one to continue sales. A product goes through various stages:





•  Introduction – the new product is introduced to the market.



•  Growth – the sales of the product continue to grow following successful marketing.



•  Maturity – the popularity and sales of the product reach a peak.



•  Decline – sales decline as the product reaches its saturation point and as newer versions are introduced following fashion and trends.





Many companies employ people to ensure the product lifecycle is assessed and managed to ensure longevity of sales. This management process involves a range of different marketing and promotion strategies, such as advertising to new audiences, price reduction, introducing new features to the product and styling or packaging changes. All these are focused towards making sure the product lifecycle is as long and profitable as possible.



Planned obsolescence


Planned obsolescence, or built-in obsolescence, is a strategy of designing a product so that it has a limited life and will become obsolete. This encourages customers to update or replace what should remain a perfectly serviceable product, usually because the product is no longer fashionable or no longer functional. This gives credence to the idea of a throwaway society and can be seen as morally questionable; it could even encourage the target market to purchase products from competitors.


The obvious benefits of planned obsolescence are for the companies that encourage it. They should see continued sales, returning customers and the associated profits. The target market is encouraged to purchase products that feature the latest styles, fashions and technology. However, this also encourages the target market to continually replace rather than repair, which creates more waste and pollution through disposal of the product and increased manufacture.


The multiple materials and components used


Materials used during the manufacturing process must be carefully selected, as they react and perform in different ways in a variety of situations. When examining existing products, it is usually clearly evident that the material choice is dependent on the purpose of the product, enabling the product to perform efficiently and increasing the quality. Material properties must be considered when a product is at the planning stage – materials may appear to be appropriate and, from an aesthetic point of view, fit the purpose. However, when in use they might prove to be unsuitable and wear out quickly. Continual advances in materials technology mean that existing products can become outdated before the end of their lifecycle, purely because a more suitable material becomes available to fit the purpose.


When examining existing products, it is crucial to assess what components have been used and why, as with material selection. The designer will have made a decision dependent on the end product use. Standardised components are used when the manufacturer needs parts made to guaranteed specifications and of consistent quality. These are usually ‘bought in’. Due to the fact that these components are produced in large quantities, the unit costs are low. The use of standardised components does not restrict the designer’s or manufacturer’s product individuality, as the final product may be unique to the market even when composed from many standardised component parts. Engineered products make extensive use of electronic components and modules such as microcontrollers and printed circuit boards, and mechanical components such as motors and gears.


Methods of construction and manufacture


The manufacturing process transforms raw materials into final products or components. It begins with the sourcing or creation of the materials from which the design is made. These materials are then modified to become the required component, part or final product. The processes used depend on a number of factors:





•  materials used



•  quantity required



•  product function



•  expected longevity of the product



•  wholesale and retail cost of each product



•  time allocated for production



•  tools and equipment available.





By analysing an existing product we can establish which manufacturing process has been used and, more importantly, why.


Table 2.1 on the next page shows examples of products, the manufacturing process used for each and why the processes were chosen.





Table 2.1 Examples of manufacturing processes for specific products.






	Product

	Manufacturing process

	Reason
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	Injection moulding has been used to manufacture the main component parts of this child’s toy. The main parts are then assembled.



•  The moulds would have been produced to be placed in the injection moulding machine.


•  The plastic pellets would have to be manufactured (although these are usually bought in).


•  Once the individual parts have been moulded they would be assembled and finished.





	This toy is mass produced and the age group it is aimed at is one to three years old. The manufacturer will have had to follow strict guidelines to ensure this toy is safe for the child. By using injection moulding the toy can be assembled using as few small parts as possible. Also, while the initial capital outlay for injection moulding is very expensive, if the toy is to be mass produced, this would be the quickest and most effective choice. This method usually means there will not be a lot of assembly once the moulded pieces have been ejected.
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	The manufacturing processes used for this garden chair are:



•  cutting down the trees and splitting the logs to make them small enough to kiln dry


•  kiln drying, as the wood is to be used outside


•  splitting and cutting


•  planing and drilling


•  sanding


•  assembly


•  finishing.





	This garden chair has used numerous manufacturing processes from the initial cutting down of the trees to the finished product. It is possible to analyse why each step has been used. For example, the chair has been made out of oak and as it is to be used outside and will be subject to different conditions, the wood needs to be kiln dried to prevent it from warping. The joints used are mortise and tenon joints, which have been used as they are the most suitable for the 90 degree joint angles and are also very strong for frequent use.
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	The manufacturing processes used for a standard pair of jeans include:



•  fabric production


•  component manufacture, e.g. zips and rivets


•  cutting out the fabric


•  assembly of all the pattern pieces


•  application of rivets and metal components


•  finishing.





	Most jeans are produced in large quantities and are known as hardwearing garments as well as being a staple garment in most wardrobes. They are expected to be durable. For this reason, the fabric selected has been manufactured using a woven structure that is known to be hardwearing. Many denim fabrics are prewashed prior to assembly as this prevents shrinkage once worn and washed. The preferred seam used on jeans is known as the flat fell seam. Again this manufacturing process is used as it is very hardwearing.











Construction methods


Examining existing products enables understanding of the methods of construction that have been used. Carrying out product disassembly makes it possible to establish the methods used and also the order of manufacture. Factors that influence construction method choices include the material selection, the end function of the product, the manufacturing equipment available and the cost. For example, it would be inappropriate to select a complex and time-consuming method of construction if the end product will be produced in high volumes and sold at a relatively low price.


Disassembling a product can be a very interesting process for the designer. It is an excellent way to analyse a current product and identify key information about it – how many materials and parts it is made from and how these parts are constructed and assembled. This also allows the designer to predict what will happen when the product reaches the end of its life.
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Figure 2.4 Disassembly of a computer





By breaking down a computer drive into different components it is easy to see all the manufactured parts that make up the product. You can also see which materials have been used and the methods of construction.


Manufacturing methods


By examining existing products and recognising the end use and the target market, you can also establish and understand the manufacturing systems that have been chosen. The manufacturer will have considered a number of factors that can restrict the method of manufacture, including the available processes and cost restrictions. The systems used in manufacturing are quite diverse and will depend on the complexity of the industry being studied. For example, a bespoke dress or piece of furniture is more likely to have used a manual system with highly skilled operatives. Wellington boots are more likely to be batch produced, as there are certain times of the year when they are in higher demand. Factors to consider when analysing and examining an existing product and the manufacturing system used are:





•  the type of product



•  demand for the product



•  capital funds available



•  premises



•  equipment and tooling



•  labour skills.





How functionality is achieved


A key aspect to consider when analysing and evaluating products is how well they perform and function. This leads on to how suitable and effective the product is and how easy it is to use, which can be established in a number of ways. During the development stage of a new product, focused testing can be carried out on the product to ensure that it meets the required criteria. A simple but effective method is to carry out surveys and user tests to get realistic feedback. For more complex products, the manufacturer will most likely have systems in place to carry out industrial tests. An example of this is would be the drawers found in furniture. Pneumatic tests are carried out to evaluate how many times the drawer can be opened and closed before it starts to malfunction or show signs of strain. As many products consist of a number of component parts that all contribute towards the function, individual tests may need to be carried out on the components as well as the final assembled product.


The end result of industrial tests or user trials can be examined to see if the materials, methods of construction and components have performed as expected. This might result in the manufacturer continuing with production, or it might mean that further research, development and tests must be carried out to ensure the success of the product. Although many tests are carried out before a product is sold on the retail market, there are still occasions when some parts of a product may need to be replaced or updated. Some companies include a warranty with the product, which states that the product will last for a minimum period of time – should any part falter prior to this, the product will be replaced or fixed. Manufacturers want to avoid this, however, as it can be very costly and time consuming and will reflect negatively on the business.


Many products require maintenance checks to ensure that they have not become damaged. Occasionally, the user needs to carry out maintenance to ensure that products remain safe to use, or they might need to be examined by a professional. Many manufacturers include instructions on maintenance within the general instructions or as part of the packaging. In the textile industry, for example, care labels are attached to clothes to ensure correct maintenance following purchase and use. Some garments come with extra buttons, beads and so on, attached within a pack, for future maintenance. A new car comes with advice on the mileage after which a service is necessary. Many products are constructed so that worn-out components can be easily replaced.


The ease of use, including ergonomic and anthropometric considerations



Ergonomics


When designers evaluate and analyse an existing product, a wide range of ergonomic factors should be considered. These could include:





•  Height – for example, when designing a table, height is a crucial consideration. This could be in relation to being able to sit without causing strain while working or eating. If a table is too low to work at, it would cause leaning and hunching over.



•  Weight – for example, when designing a chair, it needs to be suitable for a rangel of weights. The function of a pneumatic chair mechanism according to different weights could be analysed.



•  Hearing – for example, certain noises can signify or trigger certain emotions. The reaction of a group of people to a fire alarm noise could be analysed. The manufacturer would want the noise to signify danger.



•  Sight – for example, colour can have different meanings; most people see green as a ‘safe’ colour. The reaction of users to a product where colour is a key factor in the design or function could be analysed.



•  Temperature preferences – for example, varying temperatures within the workplace could be analysed for optimum production and comfort.





See the following websites:





•  Health and Safety Executive (www.hse.gov.uk) and search for the publication ‘Ergonomics and human factors at work’



•  Ergoweb – https://ergoweb.com/




•  Bad Designs – www.baddesigns.com/
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Figure 2.5 Using ergonomics to solve work station issues






Anthropometrics


It is vital for a designer to consider sizes and dimensions when designing a product. When analysing and evaluating existing products, the anthropometrics need to be considered to assess how critical dimensions have been used in relation to human form to ensure the product is usable. This ultimately relates to the target market and ease of use. Just because a product is the correct size for one individual within the target market, does not mean it will be suitable for all.


Anthropometric data is used in all fields of design, as all products from buildings to everyday hand tools and clothing relate to human body measurements in one way or another.


There are three general principles for applying anthropometric data:





•  Decide who the target market is. When analysing an existing product, think who the product has been designed for. What anthropometric measurements have been taken into consideration?



•  Decide which measurements are relevant. Which measurements had been considered to make the product accessible and easy to use?



•  Decide if you are designing for the average or the extreme. Has the product been designed for the majority of the population or has it been designed for smaller percentages?





Through the analysis and evaluation of existing products, a designer can assess what improvements are needed to make the product easier and more comfortable to use.



Adjustment


Adjustment is fundamental in the design of many products to address issues relating to anthropometrics, ergonomics and inclusivity. In many situations the design of a product could restrict the consumers’ use of it. For example, when analysing a work environment it is evident that a wide range of sizes, heights and weights need to be accounted for when organising a productive workplace. The table, chairs, computer screens, lighting and heating should not restrict any employee. One company, Humanscale, has addressed this issue by analysing the products already available and developing the ‘Quickstand’. This solves the issue of companies requiring products that can adjust to different workplaces by providing an adjustable system that can attach to the back of any work station.


When you are asked to examine or analyse existing products, taking into account the ergonomic, anthropometric and inclusive design features in relation to the user, you will need to be able to suggest and develop ideas that deal with any of these issues. You will need to understand methods that can be used to test these issues and furthermore, how designers and manufacturers solve the problems raised.


The table below illustrates how existing products can be analysed and evaluated, taking into consideration ergonomic and anthropometric issues.




Table 2.2 How existing products can be analysed and evaluated, taking into consideration ergonomic and anthropometric issues






	Issue

	Method

	Example






	Product adjustment

	Testing the range in different situations with different users

	Testing the adjustment on a cycling helmet






	Ease of adjustment

	Testing how easy it is to adjust the product for a wide range of users

	Evaluating how to adjust the height of a chair with a wide range of users to make it suitable for prolonged office use






	Auto adjustment

	Automatic adjustment according to user

	Brightness on a display of a computer screen






	Material options

	Testing different options of material on a wide variety of users

	Testing different materials for handles on a product using a variety of users to evaluate the most suitable or to make the handles interchangeable






	Data analysis

	Analysing data on the use of products that have resulted in injuries or accidents to address the problem

	Repetitive strain injury can be a result of repeated use of a mouse/keyboard. The data could be used to develop a more ergonomic mouse.






	Specialist equipment and software

	In industry, specialist equipment ergonomic evaluation software can be used to evaluate the function and performance of a product in relation to ergonomics and anthropometrics. The tests will assess human movement, strength and ability to perform tasks over a specified amount of time.

	Push/pull force gauge to measure the level of force required to pick up, push or pull an object. This can be used on existing products and on a variety of users to develop a product further and making it more ergonomic.











Percentiles


When analysing and evaluating existing products, it may be an objective of the manufacturer to develop a product to make it more suitable for a larger percentile range. This can be achieved by carrying out user trials on a wide range of users and abilities and analysing the results. Some manufacturers specialise in producing products for the extremes.


When designing or developing a new product, the percentile range is a crucial consideration. To put this into context, a car designer would need to ensure that as many potential drivers as possible would be able to reach and depress the foot pedals. To do this, the designer would look at the 5th percentile of ‘over 17 year olds’, as this would include virtually all drivers with the shortest leg length and they would then assume that everyone else would have longer legs and would therefore be able to reach the pedals. The seat position would also be adjustable to enable people with both extremes of leg length (short and long) to be able to reach the pedals. It would be equally important to assess whether the shorter driver using the driving seat adjusted fully forward could still clearly read the displays on the dashboard, or the taller person within the 95th percentile with the driver’s seat adjusted right back could still reach all the switches and levers. Of course, most drivers’ seats now have adjustment for seat height, back rake and lumbar support, along with various steering wheel adjustments.
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Figure 2.6 Ergonomic considerations of driving positions





Inclusivity of products and appropriate considerations of application to a wide variety of users


It should be possible to see the wider considerations that have influenced the design when analysing and evaluating an existing product. These could include:





•  inclusive design principles



•  environmental, social and economic implications



•  moral issues



•  cultural issues.





Inclusive design


When developing an existing product or designing a new one, it is important to consider how it can be made accessible to a wide variety of users. Every design decision has the potential to include or exclude a section of the population. Considering user diversity within the target market will inform design decisions throughout the process. It is simply not possible to design for everyone, but best practice is to aim to exclude as few as possible. This is known as inclusive design – taking into consideration the widest possible audience. It will involve consideration of a number of factors, including:





•  age



•  gender



•  weight



•  height



•  disabilities.





It is particularly useful to test and evaluate the success of an existing product by methods such as trialling it with different age groups, genders and abilities. This will then lead the designer to evaluate how accessible the product is to a wide range of users and whether modifications are needed to make it more inclusive. By having a diverse and wide range of users test a product, the designer is more likely to get an objective point of view to use as a basis to develop a design further.


Look at Figure 2.7 to see how a simple kettle has been developed to include a wider range of users following testing. The manufacturer could see from feedback that holding and tipping the kettle was difficult for certain users and therefore, to make it more inclusive, has developed the design.
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Figure 2.7 Development of a kettle to make it more inclusive





The Design Council’s website contains some helpful ‘inclusive design’ case studies. Visit the website at www.designcouncil.org.uk and search for ‘inclusive design’.


The UN Convention on the Rights of Persons with Disabilities uses the term ‘universal design’ and this is defined as, ‘the design of products, environments, programmes and services to be usable by all people, to the greatest extent possible, without the need for adaptation or specialised design. Universal design shall not exclude assistive devices for particular groups of persons with disabilities where this is needed.’


Environmental, social and economic implications


As designers, we need to consider the environmental, social and economic implications of our decisions and choices. It affects us now and in the future. By examining and evaluating existing products, we can assess how their manufacture could have an impact on others. These issues are interlinked: all making involves materials; every material uses energy to produce it; any use of energy causes pollution and affects climate change, damaging people’s health. This can result in higher costs and detrimental social issues.


Some products are produced in a way that means workers are subject to poor working conditions and low wages. This is an important social issue. Recycling has environmental benefits but also has associated economic costs and itself uses energy and can cause pollution, again leading to associated social issues. There are no right answers – all we can aim to do is to be informed designers and learn from past mistakes.


Moral and cultural issues


Moral issues occur when a new product could help someone do something that might be considered undesirable or illegal. Moral issues can also relate to the choice of materials and components and the manufacturing techniques used. Whilst these link into environmental issues, it can be immoral to make choices that disregard the negative impact the development of a product could have.


Cultural issues can arise when a new product does not take into account the fact that a particular shape, colour or name can have very different meanings to different groups of people. Designers need to take care not to offend groups of people with different traditions and beliefs. For example, red is the colour for mourning in Africa whereas in China it is considered to be lucky. A careful choice of name, shape and colour can help promote a sense of unity between different global cultures and is particularly relevant if the product is to be sold in a country with a multi-cultural society.


Fitness for purpose


When examining an existing product, it is essential to understand the choices the designer and manufacturer made to ensure that the product is fit for purpose. This can include:





•  functionality and usability



•  material selection



•  component selection



•  methods of construction and manufacture



•  ergonomic and anthropometric considerations.
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Figure 2.8 Factors to consider when analysing an existing product





Examining an actual product allows the designer to get a true ‘feel’ for the product and its various component parts, and the strengths and weaknesses of the product can be established. This gives a starting point for further design development.


When designing a new product it is essential to consider many human factors to ensure there is minimal risk of injury. This includes considering comfort and function, to ensure that repeated interaction with the product will not cause strain to the user.


One of the more obvious examples of this is examining products that have to be held in the hand or gripped to operate. Poor design may result in slower work, discomfort and possible error. The grip of hand tools and level of muscle exertion must be considered. When designing a can opener, for example, the designer must consider the amount of effort necessary to turn the handle and the resulting strain on the wrist, as well as the amount of pressure needed to clasp the handle to the tin. The handles would have been designed for maximum comfort and minimum risk of injury.


The impact on user lifestyles


One of the main aims in product development is to improve the user’s lifestyle when interacting with and using the product. This can be through the use of materials, the design or the ease of use. We only have to examine how a product for a specific use has been developed over a number years to understand the aim of the designer in creating a product that will be more appealing to the user. However, some of the developments in technology can have far reaching physical and social consequences.


Mass production has resulted in products being easily available and more affordable for society. As the standard of living has improved, so has the demand for new products for consumers. New methods of advertising and marketing have had a huge impact on user lifestyles, and have led to a competitive consumer society requiring the latest products. Consumers are also driving the need for constant developments to create the latest product with the latest technology. For example, many are determined to have the latest mobile phone, game console or VR (virtual reality) game. This is seen by some as one of the reasons for the high levels of obesity in children: ‘today nearly a third of children aged 2 to 15 are overweight or obese,’ (Cabinet office, ‘Childhood obesity: a plan for action’ January 2017, available from www.gov.uk.) Children are encouraged to play on these games through peer pressure and advertising and they see them as part of their everyday leisure activity. Many companies have attempted to counteract this by developing games that involve movement, which are endorsed by sporting celebrities to entice interest.


However, as mentioned earlier in the chapter, many products today do enhance the user’s lifestyle and certainly mean they complete a task with greater ease. Now that many products are mass produced there is an increasing requirement for individuality from consumers. Designers and manufacturers respond to this by offering some level of customisation when purchasing. For example, many car manufacturers offer a huge selection of choices to enhance the buying experience and ensure the consumer feels they are getting a product that is customised to their requirements.


Awareness has grown of the impact of mass production and the requirements of a consumer society on the environment. Many designers and manufacturers have recognised the importance of conserving resources when developing a product. By examining an existing product and carrying out a lifecycle analysis, the designer can start to develop new strategies for ensuring greater consideration for the environment and resources in further product developments.


The effect of trends, taste and/or style


Today we buy a huge range of products for many different reasons, including:





•  technical and practical function




•  aesthetics; how the product looks or makes us feel.





In this section you will learn how fashion influences the development, design and success of products by analysing and evaluating past and present-day products.


For any company to be successful, it needs to be market led. This means manufacturing products that are desirable for the target market. For a product to be desirable, it needs to attract the consumer. By following the latest trends, styles and fashions, a company increases its chances of success by staying at the forefront of the market.


Many companies employ trend forecasters who can predict future trends and what people will buy. The forecasters examine past and current influences on fashion and trends. This can be done by examining and analysing existing products to establish what influenced the design. It could be that media, culture or celebrities have played a large part in the aesthetics of a product. The impact of fashion on all kinds of products is increasing and is possibly most evident in the textile industry. Fashion is very volatile and can be influenced by many factors.


Throughout design history there have been distinctive styles that can be linked to a period in time, for example:





•  Victorian – 1830s–1890



•  Art Nouveau – 1890–1905



•  Art Deco – 1925–1939



•  Pop Art – 1960s.





This list is not exhaustive and you should have knowledge of how various past movements have influenced design.


Each one of the styles above was fashionable during the periods indicated and there are specific features on the products that make each one easily recognisable. Meanwhile, products today are available in many different styles. Designers can choose to emulate styles of the past or follow a new trend. Manufacturers are able to use modern materials and manufacturing processes.


Today, fashion is fast moving and is influenced by any number of factors, but one trend that has become increasingly popular is the desire to protect our environment. Many designers, whether in car design, fashion design or product design, seek to be more ethical by creating products that will have a reduced impact on the environment.


Trends and fashions are sometimes company driven; in other words, a company can influence the design and style of a product. This results in other companies of similar or competitive products following that first company’s trend. An excellent example of this can be seen in the design and styling of smartphones. The latest features (for example, the size of the camera, the shape and size of the screen, or the methods of security protection) start as trends, which then become considered ‘must haves’ in order to attract buyers.


Another trend that has become extremely popular and is evident in many products today is the ability of the consumer to customise or personalise their purchase. This is following a trend that has been encouraged by consumers wanting to feel they have had an influence on the design of the product and therefore making it individual. Look at phones with different cases, watches with different faces or straps, trainers that can be customised, or cars that can be customised online before purchase. The list is endless.


It is helpful to examine a range of products and to consider and discuss the trends and fashions that you think have influenced the aesthetics, but also other aspects of the design.


The effect of marketing and branding


Marketing


Marketing is the process undertaken by companies or individuals to promote and sell products or services and it includes market research and advertising. Marketing and branding are well established promotional tools that influence customer decisions – a marketing campaign can be the decisive factor in whether or not a product will succeed. Marketing is used to influence potential customers to purchase the products. For marketing to be successful, the consumer needs to feel they ‘need’ the product. It is therefore vital to understand who the target market is and design the marketing to engage with them.


The manufacturing industry must take into account customer requirements in order to develop new and improved products that will give a competitive edge. New products are usually developed either because of market pull, where consumers demand a particular type of product, or by technology push, where new materials and/or technologies lead to innovative products that are released onto the market.


The success or failure of products brought to market can be due to the marketing strategy that has been used. This is an extremely powerful tool and can literally ‘make or break’ a product. Imaginative and successful marketing can also ensure longevity in product sales. A successful marketing strategy can keep a company’s products, or updated versions of them, at the forefront of a particular market and influence buyers’ decisions.


Search the internet for some Coca Cola marketing campaigns to see how the company has remained one of the most popular soft drink manufacturers. This is one of the best known brands in the world and has been successful since it was launched. The company updates its marketing strategy by developing new products.


Branding


Successful marketing usually includes promoting a brand image and developing new markets for the product. A ‘brand’ can be a name or a logo and it can have a huge influence on the decisions made by the target market. If a particular brand is ‘in fashion’ it can also prove to be extremely profitable for the company. For example, the product quality may be comparable to a similar non-branded item, but the addition of a brand or logo can influence the customer, perhaps due to celebrity endorsements or simply because it is seen as the ‘latest’ trend. The cost of the branded product is usually significantly more than the equivalent non-branded product and consumers might buy the chosen brand because it provides a perceived level of reliability, quality and style that makes it seem superior to the consumer. One example where branding is particularly at the forefront of marketing is within the sportswear market. This can be seen as morally questionable, as many young people want to compete with peers and emulate their sporting heroes by wearing the latest brand or logo.


It is possible to examine existing products and evaluate whether it is the design of the product that has made it a success or failure, or the marketing strategy. For example:





•  Nike – ‘Just do it’ – This phrase (coined in 1988) was a phenomenal success. Nike products were originally developed for marathon runners. With the help of a broader increased interest in keeping fit, the launch of the slogan helped more people relate specifically to how they feel when exercising. This, along with the advertising campaign, led to a massive increase in sales.



•  Apple – This company is an excellent example of how the products have dictated success rather than massive advertising campaigns. The company’s marketing strategy depends on a proactive approach as part of its product strategy. Essentially, the company develops its products based on the existing products of competitors but it improves them by removing undesirable qualities and integrating differentiating features. The results are products that appear new and innovative but are still familiar or recognisable. The Apple logo epitomises the simple, clean, uncluttered designs that characterise Apple products.





The considerations of how to get a product to market


Market research is vital at the beginning of a successful marketing campaign. Using information gathered through market research enables manufacturers to develop and introduce products that consumers will buy. This information can be used to adapt and improve existing products or to find a gap in the market to develop and introduce a new product.
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Figure 2.9 Nike has created an instantly recognisable brand





Sometimes referred to as inbound marketing, market research involves finding out and analysing information about:





•  patterns and trends within age groups of the population



•  up-to-the-minute market trends and fashion



•  consumer needs and requirements



•  pricing strategies – how much customers are prepared to pay



•  competitors – what they are doing and their strengths and weaknesses



•  customer satisfaction relating to existing products and services



•  product identification and launch, including naming and branding.





Market research can be either primary or secondary, or a mixture of both. Once market research has been gathered and analysed, a marketing strategy can be put in place with the aim of maximising sales of the product.


This next stage in marketing is sometimes referred to as outbound marketing and includes sales, advertising and promotions, customer service and satisfaction.


Marketing mix


The marketing mix refers to the set of actions that a company uses to promote its brand or product in the market. The 4Ps make up a typical marketing mix:





•  price



•  product



•  promotion



•  place







Table 2.3 Primary and secondary market research






	Primary research

	Secondary research






	

•  Collected first hand using questionnaires, focus/user groups, surveys and field research, etc.


•  Trials carried out




	

•  Uses available data from magazines, reference books, government agencies


•  Provides information such as population trends and regional statistics









	
Advantages



•  Precise and up to date


•  Meets the exact needs of the company and the consumer





	
Advantages



•  Usually cost effective as already produced










	
Disadvantages



•  Expensive


•  Time consuming





	
Disadvantages



•  Can be out of date or incorrect


•  May not be specific to designer needs
















Table 2.4 Marketing mix






	Product

	Price






	A product is examined on three levels:



•  The core product relates to the benefit of the product, for example the convenience of a car.


•  The actual product is the tangible, physical product, for example the car.


•  The augmented product is about the customer service support offered, for example warranty, guarantee and after-sales service.




The quality of a product depends on factors such as its:




•  aesthetics


•  performance


•  maintenance, ease of servicing


•  durability


•  range of features


•  ease/effectiveness of use


•  brand name.




The product’s distinctive qualities, features and characteristics that will appeal to customers are summarised as the product’s unique selling proposition (USP).



	The price of a product can depend on:



•  demand


•  costs (need to cover all costs incurred)


•  government taxes


•  competition


•  stage in the lifecycle (price increases in growth and falls in decline).




Methods of pricing include:




•  Penetration pricing – price set artificially low to gain market share. Once achieved, the price is increased.


•  Price skimming – if product has a competitive edge, a high price can be set. This will fall with increased supply.


•  Psychological pricing – charging £1.99 rather than £2.


•  Predatory pricing – undercutting competitors, creating price wars.










	Promotion

	Place/Placement






	Decisions have to be made on how best to promote the product and bring it to the attention of potential customers. The intention is to win new customers or persuade them to change brand loyalty.

Methods include:




•  short-term promotions such as buy one get one free (BOGOF), competitions and coupons


•  exhibitions and trade fairs


•  publicity campaigns


•  personal selling/sales representatives


•  advertising in the media that specifically targets the intended audience.




Promotion can be expensive and risky, so careful budgeting required.


The acronym AIDA is used with promotion and advertising: draw attention, create interest, generate desire, invite action.



	Placement refers to the location where a customer can purchase a product. It is sometimes known as the distribution channel. It can include any physical store or shop, as well as TV shopping channels, the internet and social media.

There are four main channels of distribution:




•  Manufacturer–Consumer, e.g. mail order, farm shops


•  Manufacturer–Retailer–Consumer, e.g. high-street stores


•  Manufacturer–Wholesaler–Consumer, e.g. furniture


•  Manufacturer–Wholesaler–Retailer–Consumer, e.g. medium-size convenience stores (large supermarkets often cut out the wholesaler).




Functions of distribution channels include: contacting prospective buyers, matching the offer to the buyer’s needs, negotiating agreement on price and terms and storing and transporting the products.












Advertising


Advertising is a strategy used to attract a potential target market to a new or existing product. The most effective advertising will have been planned into the marketing strategy and will utilise the most effective methods and media relevant to the product to reach the widest audience.


The considerations when deciding on the appropriate way to advertise a product are the overall cost, the target market or audience and the most appropriate medium.


Adverts are controlled by the Advertising Standards Agency (ASA), an independent regulatory body set up to ensure that adverts do not mislead or offend potential customers. Adverts are required to be legal, decent, honest and truthful, and to not cause offence to viewers or listeners.
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Figure 2.10 Marketing mix – the 4Ps







Table 2.5 Advantages, limitations and costs of advertising






	Advertising medium

	Advantages

	Limitations

	Cost issues






	Television

	Very high, mass-market coverage; low cost per exposure; can generate powerful emotive response; can use images, sounds and special effects

	Quick, fleeting exposure; target markets selected by scheduling, for example between 4 p.m. and 6 p.m. for children

	Expensive: key viewing times very expensive






	Radio

	Very good local impact; high geographic selectivity; national radio effective for consumers on the move (for example in a car)

	Audio only; fleeting exposure; fairly low attention, background ‘noise’

	Relatively low cost for local radio, higher rates for national commercial stations






	Newspapers and magazines

	Very good local markets, national or geographic selected coverage; broad acceptability; high believability; prestige; magazines often very high-quality images

	Very short life; generally poor image quality in newspapers; no guarantees of positioning of advert

	High cost in nationals and prestigious magazines; right-hand page often more expensive than left (readability)






	Direct mail (post)

	Very high audience selection; can be personalised with mail-merge systems

	Often discarded as junk mail; poor image

	Relatively high cost per exposure






	Billboards

	Flexibility; high repeat exposure; local targeting; positioned in high traffic areas to catch mobile consumers; some are electronic with several adverts repeating

	Little audience selectivity; image only; easily vandalised

	Generally low cost; key sites (for example outside airports) can be very expensive






	Online (including email)

	Used by all industry sectors. High selectivity; instant; can be powerful with moving images and sound; can be interactive; direct access to supplier

Pop up advertising on websites can focus on specific buying trends; advertising within smartphone ‘Apps’ is increasingly popular



	Anxiety over invasion of personal space, unsolicited email; linked to spam and spyware

‘Ad blocking’ software can sometimes be used to block unwanted adverts



	Relatively low cost; purchases can be made directly from the advert






	Social media

	Caters to a very large demographic regardless of age, gender, etc. Through content sharing, it can reach an even wider population. This method encourages and generates interaction and brand loyalty

	Time consuming

Can attract people not interested in the product, sometimes resulting in false or negative reviews



	Low cost method of advertising










The Office of Communications (Ofcom) controls advertising on television and radio.


Product launch


Once a product is ready to launch onto the market, the timing can be crucial to success. The main purpose of a product launch is to make your target market aware of the product. For example, launching a child-friendly product around the school holidays can lead to a large influx of sales due to both the children and parents seeing the product.


The trick is to find the factors that help define what the right timing is.


The four factors of smart timing


At launch time:





•  offering unique features that are understandable



•  offering features that are currently relevant



•  giving reasons as to why the product is superior to those offered by competitors



•  product is available, or soon to be available, for purchase.





Companies may be eager to release the product but to ensure it meets the desired requirements and reduce the possibility of a product recall, they must ensure all research and testing has been covered.


It is important to consider the competition, including possible products that they are likely to launch and when. Unless the manufacturer is confident they have carried out sufficient market research to be knowledgeable that their product will propel all other similar products out of the market, it would not be wise to release similar products at the same time.


The launch is extremely reliant on effective communication tactics that may include:





•  press release – about the new product and date of launch to create an awareness and ‘buzz’



•  social media – spreading the word about the new product to the target audience



•  product testing – allowing influential people to test the product so they can generate interest.
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KEY TERMS


Anthropometrics – the study of the sizes of the human body. (Anthropo- is a prefix from Anthropos which means human in Greek; metric should help you remember measurement.)


Batch production – involves the production of a specified quantity of a product. Batches can be repeated as many times as required. This type of production is flexible and is often used to produce batches of similar products with only a small change to the tooling.


Bespoke – the term used to describe a product that has been made specifically for an individual customer.


Branding – the process of creating a product identity and name, logo or design that makes a product easily identifiable to consumers.


Ergonomics – the study of the interaction between people and products, and the application of theory, principles, data and methods to the design of products to ensure maximum usability and efficiency.


Ethical design – considering the impact of a product and whether it is morally correct to produce it.


Human factors – the study of how humans behave physically and psychologically in relation to particular products.


Inbound marketing (also called market research) – the methods a designer or company uses to establish whether there is a need or gap in the market for a proposed idea.


Inclusive design – designing products that are accessible to (can be understood and used by) everyone without making changes or adaptations.


Initial concept – the first design in response to a brief.


Manual system – a product is assembled and constructed by hand or the machinery is controlled or manipulated by a human operator.


Marketing – the process used by a company to promote and sell its products to consumers.


Marketing mix – the best blend of marketing methods, dependent on the type of product and specific target market.


Material property – how well the material performs (often definite). For example, the density or strength of a material.


Outbound marketing – how the customer ‘finds’ the product. For example, through a search engine.


Penetration pricing – this is when a company sets a low price for its product to attempt to gain market share. The primary objective of penetration pricing is to gain many customers and then use various marketing strategies to retain them.


Percentile – a means of representing anthropometric data statistically, indicating the sizes of the human body of a specific percentage of people.


Planned obsolescence – sometimes known as ‘built-in obsolescence’, the process of designing products to go out of fashion or no longer function after a specific period of time.


Price skimming – where a company sets its prices high when launching a product to quickly recover expenditures for product production and advertising. The key objective of a price skimming strategy is to achieve a profit quickly.


Primary research – the personal collection of research and information. It is carried out through methods such as visits and observations, interviews, testing and surveys.


Printed circuit boards (PCB) – a non-conductive material with conductive lines printed or etched on it. Electronic components are mounted on the board and the traces connect the components together to form a working circuit or assembly.


Product disassembly – the action of taking apart a product to examine and review the materials and manufacturing processes that have been used.


Product lifecycle – the marketing lifecycle from the launch through to decline of a product (not to be confused with lifecycle assessment).


Secondary research – the collection, collation and editing of readily available information. Such research utilises sources such as published details, company literature and existing test data.


Standardised components – parts that are usually produced in high volumes to the same specification and quality. Bolts, screws and fasteners are common examples.


Technical and practical function – how a product functions and works.


Throwaway society – the collective mind-set of consumers to dispose of products before they have reached the end of their life, simply to purchase updated or more fashionable versions.


Trend forecasters – people employed to predict the mood, behaviour and buying habits of the consumer.


User diversity – considering the different forms and conditions of a target market.
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KEY POINTS





•  Commercial designers use the analysis of existing products as a key stage in the design, manufacture and development of new products.



•  Designers are constantly striving to develop more innovative products through the use of new manufacturing techniques and materials, or simply by design.



•  Consumer requirements are constantly changing and designers and manufacturers must meet these demands in order to succeed. This means continual changes and updates to deter consumers in their target market from switching to a competitor.



•  Companies should be able to assess a product’s lifecycle to recognise when to develop an existing product or introduce a new one to drive continued sales and maintain consumer interest.



•  When examining an existing product, it is possible to use a number of criteria to establish which manufacturing processes have been used and why.



•  When evaluating a product, it is common to consider how the product has been designed to make it accessible to a wide variety of users. Every design decision has the potential to include or exclude some part of the population.



•  Analysing and evaluating existing products recognises how ergonomics have been considered to ensure the ‘fit’ between people and the things they do, the objects they use and the environments they work, travel and play in, making them easier to understand and safer to use.



•  Assessing the anthropometric data that has been considered on an existing product shows how its measurements have been matched to the human body.



•  Adjustment in the context of ergonomics or anthropometrics means a small change that improves something or makes it work better. A change that makes it possible for a person to do better or work better in a new situation.



•  Designers should consider whether they are supplying the average or extreme users. The average is within the 5th to 95th percentile of the population, whereas the extreme is within the remaining 10 per cent.



•  Many companies employ trend forecasters to predict what will be in fashion in the coming seasons and what will influence the market. These forecasters can predict the mood, behaviour and buying habits of the consumer.



•  Designers can choose to emulate styles of the past or follow a new trend. Manufacturers produce these products using modern materials and manufacturing processes.



•  A marketing campaign can be the decisive factor in whether or not a product will succeed. The aim of all advertising is to influence potential customers to buy the products.



•  New products are usually developed as a result either of market pull or technology push.



•  Branding products can be incredibly influential on the decisions made by the target market. If a particular brand is in fashion it can prove to be extremely profitable for the company.



•  Market research can be used to adapt and improve existing products or to establish a gap in the market to develop and introduce a new product.



•  Both inbound and outbound marketing strategies are used to successfully launch a new product.



•  The marketing mix refers to the set of actions that a company uses to promote its brand or product in the market. This will include using the 4Ps.



•  Companies develop their advertising campaign dependent on the type of product they are selling and, more importantly, the target market they are focusing on.
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ACTIVITIES





1  Select a product from your chosen material area and disassemble if possible. Take care when disassembling and assess the risks before you begin.







    –  Make sure you use appropriate tools to carefully remove fasteners; never force anything.


    –  Electrical equipment must be unplugged from the mains and the plug must be cut off, so there is no chance of plugging it in once you begin disassembly.


    –  Remove batteries if possible.


    –  Never try to open batteries as they contain harmful chemicals.


    –  Never puncture LiPo batteries as they can spontaneously catch fire or explode.


    –  Take care with springs as they can exert very large forces and they can fly out unexpectedly, causing injury. Wear safety glasses.


    –  Take care not to trap your fingers in moving mechanical parts.


    –  If in doubt, seek advice before commencing disassembly of any product.







    a)  Take images of the product once separated into all component parts.


    b)  What materials have been used for each component part and why? Assess the suitability of the materials used.


    c)  For an engineered product, how does the product work? Identify the key subsystems.


    d)  Does the product make use of any scientific principles? What are they?


    e)  Take measurements so you can carry out a mathematical analysis on key parts, such as gear ratios, battery voltages, weights and surface areas.


    f)  Identify ways in which the designer has achieved structural integrity and reinforcement in the product.


    g)  What methods of construction have been used and why? Assess the suitability of the methods used by looking for signs of wear, breakage or loose components.


    h)  Which manufacturing system has been used and why?


    i)  Can you list the stages of construction?


    j)  Are there any legal requirements associated with the product?


    k)  What cost restriction has the designer had to consider?


    l)  What ergonomic and anthropometric measurements have been considered? How easy will the product be to use in a range of situations?


    m)  What strengths and weaknesses can you list relating to the product?


    n)  How has the manufacturer ensured safe use of the product post sales?








2  Examine another mass-produced product from your material area and discuss how the expected lifecycle of the product can be achieved. Your answer should include:







    a)  maintenance factors


    b)  standardised parts


    c)  cost-related issues.








3  Select two products that have the same function. Compare them to explain how the designers have used anthropometric data in the design of the products.



4  Use examples to explain what is meant by the terms ‘anthropometrics’ and ‘ergonomics’.



5  Select an everyday product and suggest improvements to the design which would make it more ergonomic.



6  Consider and discuss which percentile range you would need to use for the following:







    a)  the width of a hallway in a newly built house


    b)  the size of the handle on a pair of scissors


    c)  the height of a desk for an office.








7  Select a product from your chosen material focus that has been successful over the past ten years. Carry out an investigation into the product and its marketing to answer the following:







    a)  How has the product been marketed? What strategies have been used?


    b)  What features of the product have contributed to the successful marketing of the product?


    c)  What advertising campaigns have been used and what are your opinions on them?


    d)  Discuss the reasons for the success of the product. Is it because of the product and its features, or because of the way it has been marketed?








8  Select another product for a specific age group and plan a marketing strategy for it.







    a)  Outline the buying behaviour and lifestyle of the target market group.


    b)  Describe the key characteristics and features of the selected product.


    c)  Design a branding and marketing campaign for the product.
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2.2 Why is it important to understand technological developments?
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LEARNING OUTCOMES


By the end of this section you should have developed knowledge and understanding and:





•  be able to critically evaluate how new and emerging technologies influence and inform the evolution and innovation of products in both contemporary and potential future scenarios.





[image: ]





New technology


The availability of new technologies which may make a product more appealing could be a factor in encouraging designers or companies to develop a product further to meet a gap in the market. This is part of the iterative design process – the new technology means the designer or manufacturer can explore other processes or materials with the aim of improving the existing product. Developing products in this way tends to focus on innovative ideas and quality enhancements that will improve functionality or aesthetics. The new technology could depend on materials or components being developed to make a product more successful, or the use of new manufacturing technology. This leads to constant evolution of products to meet consumer demand. The increasing use and development of robotics and additive fabrication have the potential to define and shape our next era.


When a product evolves or there is a gap in the market for a new product, the material choice underpins the product development. A good example of this is seen in bicycles. In the recent past, the majority of bicycle frames were made from strong but heavy steel. This then progressed to aluminium alloy to enable manufacture of a lighter bicycle and improve performance. More recently, composite metals like carbon fibre have been used, enabling manufacturing of the frame in one piece without the need for welding, which adds to the weight. There is constant development in areas such as bicycle manufacturing to produce materials that perform well and are strong but lightweight.


When considering existing products and practices in the field of design and technology and when using everyday products that seem to fail or malfunction often, it is apparent that there is always room for improvement, to make things better.
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‘Like everyone we get frustrated by products that don’t work properly. As design engineers we do something about it. We’re all about invention and improvement.’
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James Dyson – Inventor of cyclonic vacuum technology, www.dyson.co.uk/community/aboutdyson.aspx
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Figure 2.11 James Dyson





When developing existing products to make use of the latest technologies, whether it is in the design, materials or manufacturing, it is crucial to be able to evaluate the value issues and wider impact of new and emerging technologies. There will always be arguments for and against. The development of new technologies can have all kinds of impacts on people, society and economic and environmental issues.


Questions to ask:





1  How will the product impact on lifestyle?



2  What effect does the technology have on the environment?



3  What ethical issues should be considered relating to the new technology or product?



4  What are the economic issues relating to the product or new technology?





One of the latest manufacturing technologies that has been adapted to be beneficial across a wide range of design and manufacturing industries is the 3D printer. This has lent itself to the development of existing products, as prototypes can be trialled and tested as realistic models prior to large-scale production. Already it is possible to 3D print in a wide range of materials, including thermoplastics, metals, ceramics and various forms of food.
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Figure 2.12 Rapid prototyping through 3D printing





One person who put imagination into reality and used iterative thinking to solve a real problem is Easton LaChappelle. At the very young age of 14, he decided he wanted to do something extraordinary with his life. Quite simply, he did this by creating a 3D printed prosthetic robotic arm. The first prototype was built from fishing wire, Lego® and a 3D printer. He then developed his idea further by incorporating technology that would allow the user to control movements through the use of brainwaves. To enable the technology and idea to be accessible to all, the files needed to construct the creation have been uploaded to the net, basically meaning the arm can be built by anyone who has access to a 3D printer. His innovative ideas have enabled him to work with NASA and start his own company called Unlimited Tomorrow.
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‘3D printing allows us to produce something extremely customised for a fraction of the cost. That’s really the key, especially within prosthetics – that it is customised to each individual. The customisation process is where the root of the cost is with traditional prosthetics. It also changes our design philosophy. Because it’s printed layer-by-layer, we can have very complex internal structures and essentially fit more into a smaller package. And I think we’re just starting to really see the forefront of 3D printing. It’s literally changing the world, impacting everything from automotive devices to medicine.’
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Easton LaChappelle (www.tonyrobbins.com/leadership-impact/easton-lachappelle/)


LaChappelle’s methods in designing and making the prosthetic arm illustrate how fast ideas can become reality. Prototyping has always been used as a method for testing and developing ideas; 3D printing now makes it possible to achieve the whole iterative process, from idea to testing, at a much faster pace.


Not every product that uses new technologies is immediately successful. Some very famous examples are:





•  The Sinclair C5, launched in 1985 as a small one-person battery-assisted vehicle and the Segway PT, a two-wheeled, self-balancing scooter launched in 2001. Neither of these products took off as expected but both have influenced future products.



•  In 2013, Google allowed several thousand people to test their prototype Google Glass, but bugs and privacy concerns were raised. Google stopped production of the product but is still looking at future iterations.



•  Whenever companies create products that fail, they learn from them. Apple released the Apple Newton, a Personal Digital Assistant, in 1993. At this time, the average consumer could see no use for an expensive personal digital assistant, leading Apple to discontinue the Newton in 1998. However, similar ideas were used in later Apple products like the iPad.





Artificial intelligence (AI) is a relatively new technology and is considered by some to be a threat to employment. Professor Stephen Hawking warned that AI will need to be controlled in order to prevent it from destroying the human race. Reports from the University of Oxford and Yale University have found that AI will outperform humans in the near future; translating languages by 2024, driving a lorry by 2027, working in retail by 2031 and working as a surgeon by 2053. Will new technologies, ranging from industrial robots to advances in machine learning, lead to mass unemployment?


Biometrics is another technological development that is being increasingly used in everyday situations. The technology is still expensive but for certain uses it is invaluable, for example, fingerprint scanners are used for a variety of purposes, including recording arrival and departure times at places of work.


Virtual reality (VR) is used increasingly for training purposes. It is still very expensive, but even so it allows training that would otherwise be impossible; for example, allowing pilots to practise emergency routines.


Drones are already used in numerous industries from retail to manufacturing. While this is still a relatively new technology, the use of unmanned flying objects could change the world in which we live. They have the potential to carry out courier roles delivering goods short distances, but there is still a need for skilled workers to manage a drone delivery network.


Materials such as graphene offer great potential in the design of consumer electronic products.


The use of fabrics that respond to heat, steam and sweat are finding their way into products. ‘Bio-skin’ fabric that peels back in reaction to sweat and humidity and ‘Virus’ StayWarm Performance Series of clothing are examples of this.
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ACTIVITIES





1  What are the latest material or technological developments within your specialist area?



2  How have these developments benefited the function of a product of your choice?



3  Thinking in the broadest terms possible, discuss the advantages and disadvantages of new technologies being developed.



4  Examine a product of your choice and suggest how it could be developed further by incorporating a modern technology.





[image: ]







[image: ]


KEY TERMS


Additive fabrication – the process of joining materials to make objects from 3D model data, usually layer upon layer.


Emerging technologies – new technologies that are currently being developed, or will be developed within the next five to ten years.


Evolution of products – developments to improve or vary an existing product, or the formulation of an entirely new product that arises from identified customer demand.


Innovative – the development of an idea which is new, different and ambitious. The design can be risky and introduce aesthetics or function that hasn’t been seen before. Innovation comes from pushing beyond the expected.


Iterative design – a continual and cyclical design development process to refine and perfect the product. Ongoing testing of models and prototypes, incorporating improvements and progressing towards an optimum solution for all stakeholders.
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KEY POINTS





•  By analysing and evaluating existing products and carrying out research on focused groups, designers and manufacturers can develop a product further by introducing new technologies to enhance its aesthetics or performance.



•  New technologies and materials are constantly being developed and introduced. It is vital that designers are aware and ready to investigate them so their knowledge base and design thinking is up to date.
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