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Abstract

Companies have always been in the business of making money, and the products, processes and services they offer are the vehicles they use. To be competitive companies must continuously improve and evolve the products, services and systems on offer. Conventional continuous improvement techniques are fine for cost reduction activity, and conventional marketing, market research, and project management techniques are suitable for implementing change. This paper addresses the more difficult question of new product (process or system) innovation and suggests that latent needs, wants and desires of customers need to be identified, and the customer provided with new user experiences and excitement features, if successful product innovation is to occur in modern competitive markets. The approach recommended is based on the author’s research and knowledge transfer experience between university and industry in the context of innovation, and combines the process of invention with the design or business approach to project management. User centred design tools and techniques are applied throughout the entire innovation process. The accompanying conference presentation will be based on the author’s experience and focus on examples of successful innovation using the strategy and tactics outlined in this paper. 
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1.
Continuous improvement in the context of management philosophies

Companies are in the business of making money. The vehicle for making money will depend on the type of business in which the company operates. In virtually every instance the company will face competition for the products, systems and/or services it has to offer. To grow and prosper, and sometimes simply to survive, the company will seek to improve its competitiveness within the market in which it operates. The means by which competitiveness may be improved are generically universal, they are to generate a new or improved product, service or system, with the objective of reducing cost, improving value, or improving benefit.

The generally accepted means of reducing costs in business operations are normally listed under the generic title of continuous improvement, and this may be subdivided into three main philosophies known as Kaizen, lean manufacture and 6-sigma. The philosophies are not mutually exclusive as the tools and techniques transcend all three. In practice each philosophy is best suited to a particular type of application. Kaizen is most suited to businesses whereby continuous improvement is required in all aspects of the company activity without disruption in business operations. The lean manufacture technique is best applied to manufacturing operations where there is relatively low production volume but variety is high, product and information flow needs to be organised for best tactical and strategic benefit. The lean reorganisation is generally followed by implementation of Kaizen based systems of continuous improvement. 

The 6-Sigma approach is best suited to high volume repetitive operations with low variety, where emphasis is on productivity, efficiency, defect prevention and error reduction. It is a good tool for improving the productivity and efficiency of office administration in any company.

Most businesses can see how the traditional continuous improvement tools and techniques can lead to cost reduction, and improved value based on the reduced cost. However using continuous improvement to address the cost base is the easy part of the equation. Another easy part of the equation is process improvement, the benefit of the improvement can be calculated and a decision made on its introduction. New or improved process may provide product enhancements, but in general the benefit is one of cost reduction. The difficult part for business leaders to know and understand is that of generating and implementing product innovation in today’s saturated and competitive market. 

2.
The challenges for continuous improvement in product

The problem for most companies is where to begin with product innovation. In SME’s (and it is primarily in the context of SME’s that this paper is written), the knowledge, knowhow, resources and intellectual knowledge bank fall far short of that available in large corporations. Advantages of small companies are that their overheads are generally lower, they are in a narrow or niche market, and know and understand their market very well. They have a flat management structure with simple interactive matrix style communications. This means they are generally much more agile compared to large companies and can react much more quickly to changes in the market place. However product innovation can be expensive and risky. 

Product innovation has to be addressed through design, and there are two design approaches that can lead to this innovation in manufactured artefacts, one is based on industrial design and the other is based on engineering design. Industrial design is primarily concerned with product aesthetics usually expressed as shape, form, colour, texture and pattern, and engineering design is primarily concerned with the practical function of the product usually expressed in terms of features. In the past these two design philosophies have satisfied the needs and wants of customers.

With an exponential growth in scientific and engineering knowledge, the technological complexity that can be designed into products, systems and services, is beyond the comprehension of virtually every product user. The ever-expanding nature of new products onto the market has led to a new perception of product innovation, and it is not led by style or features, it is led by a new understanding of what constitutes functionality (Jordan 2000). When a product is purchased everyone knows what it is supposed to do, for example a car is a means of transport, and a computer is a communication tool. Customers today want products to do more than before, they want attributes that provide excitement and new user experiences, and they want these attributes to be accessible intuitively (www.designcouncil.org.uk…..emerging-trends/ (accessed May 2009)). The challenge is to achieve the attributes and functionality that gives customers the excitement features and new user experiences that they desire. This requires a fresh approach to design based new product innovation, in particular for SME’s who need to compete but who do not have the money, resources, knowledge or knowhow of large corporations. This need can be explained in a simplistic way. All materials have properties, and through design and manufacture these properties are transferred into attributes, which in turn give rise to product benefits. From Section 1 it is argued that benefits can be measured as product performance and/or value. Using Rogers Criteria for Successful Product Innovation, it is the benefits and/or value that will provide the competitive edge to innovative products entering the market place (Rogers 2003). 

3.
The process for achieving new product innovation

There are basically three processes on which new product innovation can be based, the creative process (Lawson 1990), the design process (BS7000: 1989; BS7000: Parts 1-10, 1995-2007) and the business process (McKeag & Clarke 1989). The business process is used in large corporations and ensures that projects are managed in great detail from beginning to end (Northern Telecom Proprietary Document, 1993), or from identification of need through to delivery onto the market place. The business process is known by other names such as the stage gate process or the freeze point process. Basically each project starts with a feasibility study, and provided the initial feasibility study points to technical feasibility and commercial viability the project is permitted to proceed to the next phase. The project proceeds along a number of phases that are generally unique to each company, until a product emerges onto the market place. At the conclusion of each phase the project is subject to a technical feasibility and commercial viability study and it is expected that the elements of both technical and commercial risk will reduce as resources are allocated to each successive phase of the project. In general companies will not back any project with technical risk beyond the initial feasibility or concept phases, although exposure to commercial risk is expected, and the business process is designed to minimise this. 

A problem with the business process is for small companies it is cumbersome, it is overly influenced by accountants who have little knowledge of technology, design and innovation, and see everything in as a cost. The business approach as a process involving many players is not particularly agile, although for management of large projects, such as the design and development of new aircraft or automobiles, it is the sensible way forward. The people managing the process are discipline specific, and unless led by a strong product champion, there will be minimum creativity. 

The design process is more like the approach used by small companies. The extent to which specific disciplines will have a role to play depends to a large extent on the disciplines of the managers and decision makers in the company. The persons involved in innovation in a small company are also likely to multifunction within the hierarchical structure (Carlberg, Eves & McKeag, 1990). The problem is one of recognising the skill set required for successful product innovation, and being brave enough to make the right decisions regarding recruitment and retention of the right staff.

The creative process in many ways is not a process on which innovation can be based, except where an individual or small group are generating one-off designs or works of art for a particular client. Creativity is defined as the generation of new ideas, and innovation is the commercialisation of those ideas. It follows that businesses, whether large or small, cannot realistically innovate without creativity as the prerequisite skill. It is in this key area that businesses are found wanting. It is easy to put in place processes and procedures as these can be managed, people can be held to account for not following the rules. However it is alien for business leaders to put in place anything as open-ended as creativity, something that cannot be measured, quantified and accounted for. For product innovation, creativity is not only a prerequisite for the design and business based innovation processes, it is essential that this creativity is inherent throughout these processes.

 4.
Organization for Innovation in an SME

There are many well-documented project management organisational structures to facilitate design. Most common are functional departmental structure, project organization, and matrix organization (DTI Publication 1995). It is generally conceded that the matrix type organization is best. There are a number of versions of the matrix organisation, and companies should operate to the one in their business, best promotes staff interaction leading to cross fertilization of ideas and an agile and fast response to innovation. 

Ignoring finance and accounts, which are in every organization, the professional skills in most SME’s are marketing, design, engineering, production and sales. Depending on the type of company and size, more than one of these professions may be represented in one person (Carlberg, Eves & McKeag 1990). For example in an engineering company design and engineering roles could be filled by one person, engineering and production, or even design, engineering and production. In a similar fashion sales and marketing are often linked. When the roles each is expected to play in innovation overlap, key aspects of innovation can be missed through ignorance. In an ideal scenario where all five professions are represented, it should be the role of marketing to ensure that what is designed is what will sell, it should be the role of sales to sell production capacity, and engineering should be the link between design and production (Figure 1).
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Figure 1: Traditional idealised relationship between key functions in an SME

The five generic professions together with finance should be represented on the innovation team. To be innovative the innovation team still needs to embrace creativity as well as project management, and they also have to meet the needs, wants and aspirations of their customers or clients, both apparent and latent. It is on consideration of the terms apparent and latent that the requirement for creativity really comes to the fore. Traditional business practice will meet the apparent requirements of the clients because standard research and development concepts, theories, tools and techniques will enable these to be addressed. Creativity allows the latent requirements of the customer to be identified and embraced within the process of innovation (McKeag, 2008).

5.
Creativity within the SME business process

The normal face of the company to the outside world is marketing and sales. Traditionally marketing takes responsibility for ascertaining the needs, wants and opportunities in the market, relaying these back to design, and interacting with sales on an advertising and promotion strategy for the new product. The problem with traditional market research is the information obtained is based on what is already within the public domain. Except for possibly a few unfounded gut feel ideas, already obsolescence is planned into design and hence products. Basically marketing, left to its own devices, will kill innovation. A Dragon, from the Irish version of Dragons Den, Sean Gallagher, made the statement at the launch of a new Innovation centre on 5 May 2009: “If you always do what you always did you will always get what you always got”. Anyone involved in innovation will understand the fallacy of this statement, the reason is simple, if you always do what you always did you will get nothing as the customers will go elsewhere. 

Perhaps the key marketing concept is The Marketing Mix or 4 P’s of Product, Price, Place and Promotion (Kotler, 1994). The concept suggests that the right product, at the right price, at the right place with the right promotion will be a winner. Another concept known as Rogers Criteria for successful Product Innovation suggests what is required is for the product to have a relative advantage over competitors, compatibility with user experiences, lack complexity in operation, that users should have the opportunity to try the new product with minimal financial risk, and that benefits should be observable (Rogers, 2003). The former concept puts emphasis on marketing whilst the latter puts emphasis on design. The two professions have a different emphasis but both desire a similar outcome, successful new product innovation. Marketing will fail because it is set in the past, and design also can fail because in most SME’s it is set in custom and practice (“We have always done it this way”; “It worked in the past, why not now?”) and there is little interaction with customers or clients. In addition many designers have little appreciation of designing to cost points or working to delivery schedules, and generally need to be tightly managed. However other product based elements have to be considered.

With increased complexity in technology and increased methods of communication, the means by which products can be purchased has changed exponentially. For example we rarely make bookings through a high street travel agent, we make travel and holidays arrangements on-line and create our own package. As a general statement products will have brochure characteristics, point of sale characteristics, use characteristics and disposal characteristics. Customers who shop on-line are primarily interested in brochure characteristics and purchase price. High Street customers will be more influenced by point of sale characteristics and value. Use characteristics will generally determine whether or not a customer returns. For good brochure characteristics products in general need to be high in features. Point-of-sale characteristics require “fiddle factors” and a good intuitive interface, and those factors need to appeal to the senses. Use characteristics need to embrace factors such as reliability, cost of running, status and image. Disposal characteristics and to some extent use characteristics will depend on how the customer is influenced by factors such as moral and environmental persuasions.

In the not too distant past, making a purchase meant that the new owner possessed a tangible item as visual proof that a purchase had been made. The advances in modern engineering and technology means that many purchases that give users benefit and pleasure are invisible, for example the downloading of music or a film over the internet, the purchase of an on-line flight ticket, a new computer game. Often the purchase itself appears as no more than an icon on the multimedia device such as computer or iPhone. When that icon is activated, the functionality of the purchase is released and the communications system becomes for example a spirit level, a scientific calculator, a book or a navigational system. 

The benefits of a product are a consequence of design decisions, the physical properties of the materials from which the item is made, and the means of manufacture. For example aluminium has the properties of strength and low density, if used for the casing of a mobile telephone the product will have the attributes of lightweight and good impact resistance. If the case is cleverly designed and provided with an appropriate level of finish in production, the aluminium will give rise to the benefits of pleasing aesthetics, enhance the image and esteem of the owner, and convey social status amongst the owners peer group.  

Analysis shows that people (Black, www.designcouncil.org/....User-centred-design-/) are the most important element in any new design because the designs are made so people can interact with them. Products based on high technology need to be packaged in such a way that users can access the properties of the product preferably intuitively, and hence share in the benefits. A quarry plant may cost $20,000k, contain over 100 high power electrical motors powered by generators, have numerous computers and PLC’s to automatically and semi-automatically operate the various functions, but it will be controlled by one semi-skilled operator in front of a control panel. If there is a technical problem it will be resolved by an engineer perhaps at the OEM factory several thousand miles away, who will take over control of the machine through the Internet, perform an engineering analysis, identify the problem and how to correct it. If the problem is one of software it will be fixed through the Internet and control handed back to the local operator. 

The above example gives some idea of the importance of the design of the HMI as a user-friendly interface by which the operator can interact with incomprehensible technology. When technology was not so advanced a customer could make a rational decision leading to a purchase, and take responsibility for operation, servicing, maintenance and repair and ultimately disposal of the product. With the increasing technical complexity and multidisciplinary nature of products and associated services and systems, customers are shying away from making complex incomprehensible purchases, or taking control once complex purchases have been made or acquired. Leasing is popular whereby the attributes and benefits of the product are procured without the associated responsibility of maintaining operational productivity and efficiency. This is an opportunity for providers to add value through not only the core product, but also associated services, systems and support. In effect the vendor becomes a “one stop shop” for the provision of an operational facility that should perform to agreed specification as laid down in a contract binding on both parties.

The pleasure that can be derived from a purchase will depend very much on the individual and the product. A customer whose values embrace the environment may derive pleasure from ownership of a hybrid vehicle. Another person may derive more pleasure from the status a badge on a vehicle has to offer and perceived esteem in which the owner of that badge will be held within that persons peer group. For others it could be the sheer thrill of the driving experience brought about by the vehicles performance and handling characteristics, and the associated intimacy the driver has with the machine. 

The above discussion gives some idea of the various factors that need to be considered when attempting new product innovation, and it can be ascertained that these factors are predominantly product related. In a similar manner, comparing the factors in the marketing mix with those in Rogers criteria reinforces the fact that the factors required for successful product innovation are predominantly product related.

	
	Rogers Criteria for Successful Product Innovation

	The Marketing Mix
	Relative advantage
	Compatibility
	Complexity
	Trainability
	Observability

	Product
	X
	X
	X
	X
	X

	Price
	
	
	
	
	

	Place 
	
	
	
	X
	

	Promotion
	
	
	
	
	


Table 1: Comparison of key factors between The Marketing Mix and Rogers Criteria for Successful Product Innovation

The predominance of the product based factors in determining successful product innovation, and the need to identify latent factors as the means to successful product innovation, means a much more creative approach has to be adopted to enable identification of new opportunities and development of associated solutions, to satisfy the insatiable customer appetite for excitement features in products and new user experiences. The approaches adopted in recent years are generally referred to as user centred design (Black, www.designcouncil.org/....User-centred-design-/), empathic design (Leonard & Rayport, 1997), and inclusive design (Aldersey-Williams, Bound & Coleman, 1999). Basically these techniques make the designer the key contact person between the company and the potential customer (Figure 2), and it is the incorporation of design led creativity approaches that focus on the interaction between the customer and the product, which is largely responsible for today’s ever increasing innovations.
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Figure 2: New idealised relationship between key product functions in a SME

	Technique
	Purpose
	Stage of the Design Cycle

	Background Interviews and

questionnaires
	Collecting data related to the

needs and expectations of users; evaluation of design

alternatives, prototypes and the

final artefact
	At the beginning of the

design project

	Sequence of work interviews

and questionnaires
	Collecting data related to the

sequence of work to be

performed with the artefact
	Early in the design cycle

	Focus groups
	Include a wide range of

stakeholders to discuss issues

and requirements
	Early in the design cycle

	On-site observation
	Collecting information

concerning the environment in

which the artefact will be used
	Early in the design cycle

	Role Playing, walkthroughs, and

simulations
	Evaluation of alternative

designs and gaining additional

information about user needs

and expectations; prototype evaluation
	Early and mid-point in the

design cycle

	Usability testing
	Collecting quantities data

related to measurable usability

criteria
	Final stage of the design

cycle



	Interviews and questionnaires 


	Collecting qualitative data

related to user satisfaction with

the artefact
	Final stage of the design

Cycle


Preece, J., Rogers, Y., & Sharp, H. (2002). Interaction design: Beyond human- computer interaction. New York, NY: John Wiley & Sons.

Table 2: Example of use of human centred design techniques in the design cycle

Unlike the concept of The Marketing Mix, no universally accepted concept to describe the use of user centred design techniques has been developed (Wakefield, 2004). However a good start point to application of user centred design techniques in the context of the design and innovation process is provided in Table 2 and is based on work by Preece, Rogers and Sharp. This table shows where to use a number of user centred design techniques at appropriate stages in the design cycle or process of design. As pointed out earlier in this paper, the design (or business) process follows from the process of invention and is an essential part of the process of innovation. A good source of information on User Centred Design and associated approaches, tools and techniques is the UK Design Council web site (www.designcouncil.org.uk). An appropriate approach would be to study techniques and methods, select those most suited to each phase in the design or innovation process, make use of them to help identified latent needs, wants and opportunities, and hence use them to develop and refine the concept through to commercialisation. 
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Figure 3.  Use of Human Centred Design in Developing Software

The European Commission ESPRIT project 28015 TRUMP evaluated techniques for human centred interface and product usability in the context of information technology systems (IT) (Preece, Rogers & Sharp 2002). The diagram in Figure 3 gives a visual account of when and where to use human centred design and associated techniques and it also is an appropriate model for practitioners new to the subject to adopt to their needs. It acts as a basic checklist to help ensure all important user centred aspects have been covered in the development of the product, process or system. 

Following from the material discussed in this paper, and based on the authors experience in innovation, a process of innovation is outlined in Figure 4 that addresses the difficult issue of continuous innovation in product (process and system). The premise is that true innovation requires invention and discovery, the process of innovation is based on the process of design (or business process in larger organizations), and to identify and address latent needs and wants in the modern market place requires the activity of innovation to be based on creativity techniques that are focussed on the user. 

Experience demonstrates that each company will develop its own unique process of innovation, creativity techniques will be selected to be the most appropriate for each situation and organization (rarely do companies use more than five). Although presented as a sequential process, activity is iterative and normally based on principles and practice of a concurrent engineering team, generally within a structured or organic matrix organization.

It is suggested that companies use the model in figure 4 as a basis for designing their own process of innovation, being careful to ensure that the process of invention is present and precedes the design (or product development) process. Experience suggests that companies should adopt no more than five creativity techniques, and it is recommended that each company should experiment with and select the five creativity techniques most suited to its needs, and the ones that give best results. The multidisciplinary innovation team should be trained in the use of these creativity techniques and the entire process of innovation managed to time, budget and deliverables. Whilst marketing is no longer the filter between the market and design, marketing should continue to be involved in the traditional role of generating quantifiable market information and in helping with the incremental development of products on the market. 

7.
Concluding Statements

From the preceding discussion there are a number of points that can be drawn. 

1. Innovation of any category requires invention or discovery as a prerequisite, and this can only be achieved if the process of invention precedes the process of design (generally for SME’s) or the business process (generally for larger companies).

2. The innovation process can be said to be the process of invention followed by, and integral to, either the process of design or the business process for project management.

3. Innovation is the commercialisation of new ideas. Whereas technical innovation should be without risk, commercialisation of new ideas always carries a commercial risk. To minimise the commercial risk associated with new product innovation, it is important that creativity is an inherent element throughout the innovation process. This creativity should be product focussed, and should be based on tools and techniques of user centred design and associated philosophies.

4. The generally accepted philosophies of continuous improvement as they relate to 6-Sigma, Lean Manufacture and Kaizen are fine for cost reduction and are generally easy to apply. Results are objective and quantifiable. In a similar fashion process improvements can generally be easily measured. However it is in the area of new product innovation that most businesses find difficulty, and the approaches outlined in this paper will help ensure companies, particularly SME’s, are in a better position to undertake new product innovation with significantly reduced commercial risk.

5. The use of tools and techniques from the user centred design approach, including empathetic design, inclusive design and similar philosophies, throughout the process of innovation, will help ensure that the latent need, want or desire, so central to successful product innovation, is identified and developed in a way that will create new experiences and excitements users now demand.

6. By putting design in direct contact with the client or customer, the knowledge block and information filter caused by marketing is removed, and designers can use their knowledge and skills to ascertain the true and latent needs, wants and desires of the customer or client, and concurrently spot opportunities that could so easily be missed. 

7. The optimum organisational structure for successful product innovation is generally regarded as one of the matrix approaches to project management. In large companies and with projects of a complex nature the matrix structure approach has to be planned and carefully managed (and although not discussed in this paper should employ the principles of concurrent engineering). The matrix structure to project management is generally inherent in small companies, particularly where the same staff members have responsibilities that transcend both tactical and strategic roles. Although in theory more agile than their larger counterparts, small companies can suffer from a “blinkered” approach to continuous improvement and new product innovation, based on the precept that “if it is not broken don’t fix it”. 
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Figure 4.  Idealised Innovation Process and Associated Creativity Techniques
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