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ABSTRACT
  When companies innovate they often focus their attentions on exploiting their existing markets. Using their current technologies and core competencies they incrementally improve their existing products to satisfy their existing customer requirements. There is nothing wrong with this strategy—as long as the ‘rules’ don’t change. What happens when a new technology/product (new, more effective and often simpler) is developed that potentially threatens your existing market share? Do you ignore the potential threat and continue to invest in your own technology? Do you recognize the threat as a potential opportunity? Established companies are vulnerable to disruptive technologies especially if they rely on a single product or technology.
Discontinuous innovation cannot be managed in the same was as ‘regular’ innovation.  A familiar theme in innovation studies revolves around the issue of exploit that is incrementally doing what we do better, in other words adaptive learning.  But discontinuous innovation requires that firms explore, that they find radical new ways to do things, this is generative learning (Tushman and O'Reilly, 1996; Benner and Tushman, 2003). Whilst the literature is fairly clear about the routines for exploitation –approaches to enable continuous, incremental extension and adaptation of a company’s current products and technology; there is less about known about the mechanisms to enable effective exploration.  

This paper develops a model based around framing, or rather reframing the ‘search’ space. Twelve alternative search strategies (Bessant and von Stamm 2007), listed below, for carrying out radical search are discussed and tested on a sample of firms to examine the extent to which such search routines exist and are deployed. 

A survey was completed with innovation practitioners from varying industry sectors. Their opinion about the importance of the different radical innovation search strategies and the current usage of the search strategies was elicited. The search strategies most frequently used by the sample were; probe and learn, working with active users, sending out scouts and deep diving. Results of the study indicate a large difference between actual use of the search strategies and their perceived importance for radical innovation success. Involvement in radical innovation was found to be dependant on company size and market position. Large companies with dominant market positions, identified as ‘innovator’ companies within this study, were responsible for the most radical innovations in the previous 5 years. They also use all twelve search strategies to a higher degree than the ‘non-innovator’ companies. Focus groups consisting of innovation practitioners and academics were asked to describe the barriers that prevent companies becoming more involved in discontinuous innovation. They identified cultural, resource and knowledge based barriers to implementing the twelve search strategies.  
This study has highlighted that there is a gap between the practices of firms who have a record of successfully introducing radical innovations and those that do not. The implications of the findings presented in this paper are that if innovation managers want to develop radical and discontinuous new products and prepare their companies for the inevitable discontinuous shifts that occur within markets then they need to consider the search strategies outlined. For academics, there is a need to better understand how these search strategies can be successfully implemented across a wider range of firms. 
INTRODUCTION
  To survive in the current economic climate companies are required to innovate. Moments of economic uncertainty often provide the unique opportunity to start new businesses or launch disruptive new products. This can be achieved by translating moments of uncertainty into moments of opportunity through radical innovation (Razeghi 2008). Henry R. Luce launched the Fortune Magazine in the midst of the ‘Great Depression’. While it might have appeared to be poor timing to launch what at the time represented a premium priced publication, the magazine was a huge success not in spite of the Great Depression; it was a success because of the Great Depression. Luce found an unmet need in the market and developed a product to meet it. 

A familiar theme in innovation studies revolves around the issue of ‘exploit’ as opposed to ‘explore’ search behaviour and how firms can balance between these two very different kinds of activity.  The first is essentially incremental, ‘doing what we do better’, adaptive learning whilst the second involves radical, do different, generative learning (Benner and Tushman 2003, Tushman and O'reilly 1996). The different nature of these two search activities requires very different mechanisms – routines – to enable them (Von Stamm 2008). For example, ‘exploit’ behaviour uses routines designed to improve your current products or develop new products using a variation of the current technologies you use. This approach ensures your current customers are satisfied. On the other hand ‘explore’ behaviour uses routines designed to open up new markets for a company (which could then be potentially exploited) using either your existing products/technologies ‘reframed’ for this new market or new products with different technologies than you currently utilise.
Whilst this binary divide is helpful it can be argued that ‘exploit’ search is about the nature of steps – big or small – along a defined pathway - what might be termed ‘deep’ or shallow’ search. Dosi’s (1982) notion of technological trajectories implies a search pattern which is about small or large steps in a particular and bounded direction. But search can also take place in peripheral areas, looking more widely, taking into account different elements and their potential combination into new forms. This dimension can also involve taking small (incremental) or large (radical) steps but in new directions. We might term this ‘broad/narrow’ search.

This paper looks at challenges involved in developing skills to manage this broad/narrow dimension as a complementary set of routines.  It develops a model based around framing search space and looks at alternative routines for carrying out such broad/narrow search.  The model is then tested on a sample of companies to examine the extent to which such routines exist and are deployed.  
BACKGROUND

Why innovation?
  Companies operating in dynamic market environments are required to innovate, if they do not they run the potentially risk of becoming isolated from their customers and the markets they currently occupy. Developing a new product, particularly a radical new products, can be a long and often expensive process. The potential high cost coupled with a high risk of failure for new products means that engaging in innovation is a risky endeavour that can have detrimental effects on a company’s business. The need to innovate has always existed; however, this need has been heightened in recent years due to the acceleration of technological change and growing world wide competition. Companies are becoming increasingly involved in global markets, either as part of supply chains or due to expansion (Cagliano et al. 2001). Niche markets, once the preserve of SMEs are often aggressively targeted by larger organisations. 

Many authors have singled out innovation as an organizational process that contributes to firm survival and performance 
 ADDIN EN.CITE 
(Lumpkin and Dess 1995, Zahra 1993, Roberts 2007, Knight and Cavusgil 2004, Cefis and Marsili 2006)
. In short, these authors argue that entrepreneurial attitudes and behaviors are necessary for firms of all sizes to prosper and flourish in competitive environments. Studies have shown that the continual introduction of ‘new to market’ innovations is a route to survival and growth for large and small firms alike (Storey 1994, Cooper 1993). Storey (1994) found that many small companies had no ambitions to grow and expand. The added risk in attempting to developing new products out-weighted the possible growth benefits therefore the companies were content with their existing products and customers. However Mosey et al. (2002) demonstrated that the small companies with aggressive growth ambitions who repeatedly introduced innovative new products that opened up new market niches were also the best performing companies. Terziovski (Terziovski et al. 2002) argues that a continuous incremental improvement strategy is the major driving force behind any improvement effort, however radical innovations should be used to jump-start critical products, services and processes intermittently. Both incremental and radical innovations are necessary for long-term business success. If a company is looking for growth levels that are significantly larger than the growth of the industry then it must take discontinuous or radical innovation seriously (Bessant et al. 2004).
If a company does not engage in innovative activity, they carry the risk of becoming over dependant on their existing customers. Soderquist et al (1997) found smaller companies often have little choice but to foster closer links with a very few key customers due to a lack of resources and increased market sector competition. Raymond and St-Pierre (2004) noted that customer dependency results in a company being very vulnerable to market changes. Engaging in innovative activities reduces this vulnerability. Utterback (1996) and Christensen (1997) note how firms that dominate one generation of technology often fail to maintain leadership in the next. Christensen (1997) highlights the dangers of concentrating on your current customers and ignoring potential new markets and new technologies through his review of the disk-drive industry in 1970’s and 1980’s. Success may not require radically new technology based products but perhaps a “reframing” of your current technologies to create and fulfil customer needs. 
Two dimensions of search behaviour
  Arguably incumbent firms develop strengths in deep/shallow search and routinise these operations to a high degree of sophistication.  For example, pharmaceutical firms commit extensive resources to exploration at the edge of science – but do so using clear routines and guided by clear trajectories.  Similarly electronics firms places and manages big bets but these lie along a trajectory still largely signposted by Moore’s Law.  At the same time these players are adept at managing incremental variants on a theme through working closely with customers, managing supply chain systems, deploying lean product development practices to reduce the time span of feed back.
In other words they represent textbook examples of well-managed innovation.  Yet ‘smart’ firms of this type get into difficulties when discontinuous shifts take place in their environment which moves the innovation game in new directions.  Christensen’s (1997) original theory of disruptive innovation highlights this – new markets emerge at the fringes of an existing market, serving different customers with a very different value proposition.  As activity at this fringe, which is of little interest or perceived relevance to the established incumbent, increases, the innovations migrate towards mainstream markets and disrupt them. Strategies deployed by existing incumbents are often to increase their efforts along established pathways – for example redoubling efforts to get close to and work with customers.  Arguably this is an example of where further ‘deep/shallow/ search is of little benefit since the search is being carried out in the wrong part of the ‘broad/narrow’ dimension - the ‘innovation action’ has moved elsewhere.
Arguably what takes place under such shifts is that entrepreneurs see opportunities along the narrow/broad dimension suggested earlier.  By bringing in new elements they create new combinations which may disrupt the established game and replace it with a new one – Schumpeter’s creative destruction. The challenge to existing incumbents is thus neither about their commitment to search (for example the old argument about whether enough is spent on R&D), nor of whether or not they have effective routines for searching well. Instead it is one of framing the search space.  
Searching and seeing

  One way of exploring this challenge is to use the analogy of cognitive psychology at the individual level.  Considerable insight has been gained into the process whereby human beings make sense of the external world and a key theme is that, despite the huge number of billion neurons and potential connections between them in the brain it is still impossible to take on board all of the external stimuli – what William James termed the ‘blooming, buzzing confusion’ of the world.  Instead the brain makes use of a variety of strategies which essentially frame and model the world in terms of what we expect to see, hear, taste, etc. – and these simplifications are largely effective.  Studies of inattentional blindness, for example, remind us of the limits of such models.  In one famous example a game of basketball is interrupted by a character wearing a gorilla suit that walks across the stage, beats his breast and slowly makes his exit.  When asked afterwards a significant number of observers fail to see the gorilla – and the underlying explanation is they didn’t expect to see it and so missed such an (apparently) obvious change in the external environment.
The problem with discontinuous innovation is that it presents challenges which do not fit the existing schema and require a reframing – something which existing incumbents find hard to do.  Established companies can become overly reliant on the systems and procedures that have brought them success. They become locked in to these behaviors and reliant on

following systems that have worked successfully in the past (Bate 1994). In a process akin to cognitive dissonance they will often selectively perceive and interpret the new situation to match or fit their established world views.  Since by definition discontinuous shifts usually begin as weak signals of major change, picked up on the edge of the radar screen, it is easy for the continuing interpretation of the signals in the old frame to persist for some time.  By the time the disconnect between the two becomes apparent and the need for radical reframing is unavoidable it is often too late.  As Dorothy Leonard puts it, core competencies become core rigidities (Leonard-Barton 1995).
The case of Polaroid highlights the difficulty; according to Tripsas and Gavetti (2000) its difficulties in adapting to digital imaging “were mainly determined by the cognitive inertia of its corporate executives. As we have documented, managers directly involved with digital imaging developed a highly adaptive representation of the emerging competitive landscape. We speculate that the cognitive dissonance between senior management and digital imaging managers may have been exacerbated by the difference in signals that the two groups were receiving about the market.”  Bhide (2000) and Christensen (1997) support this view. Both found that employees at incumbent companies often generated the ideas that went on to form the basis of the discontinuous technologies. However, these were exploited and developed by competitors, or new organizations, and consequently adversely affected the incumbent who failed to ‘see’ their relevance.
The problem of discontinuous innovation is not just that such firms fail to get the balance between exploit and explore right.  It arises because there are choices to be made about the overall direction of search and the selection decisions which follow from picking up radically different signals about innovation options. Characteristic of many of these businesses is that they continue to commit to ‘explore’ search behaviour – but in directions which reinforce the boundaries between them and emergent new innovation space.  For example, in many of the industries Christensen studied, high rates of R&D investment were going on to push technological frontiers even further – resulting in many cases of ‘technology overshoot’ (Christensen and Raynor 2003).  This is not a lack of search activity but rather a problem of direction – firms have a capacity for exploratory search but this takes pace within constraints as bounded exploration.  In similar fashion Rosenkopf’s and Lavie’s (2006) talk of ‘local search’ where firms do extend but within bounded space, reinforcing rather than challenging underlying paradigms.
Importantly the difficulties in working outside the normal box are not necessarily about radical technological shifts but rather reconfigurations – new ways of framing.  In the 1970s Xerox was the dominant player in photocopiers, having built the industry from its early days when it was founded on the radical technology pioneered by Chester Carlsen and the Battelle Institute. But despite their prowess in the core technologies and continuing investment in maintaining an edge it found itself seriously threatened by a new generation of small copiers developed by new entrants including several Japanese players.  Importantly these new products were finding application in new markets – smaller businesses and home offices. Despite the fact that Xerox had enormous experience in the industry and a deep understanding of the core technology it took them almost 8 years of mishaps and false starts to introduce a competitive product. In that time Xerox lost around half its market share and suffered severe financial problems.  As Henderson and Clark put it, in describing this case, ‘apparently modest changes to the existing technology … have quite dramatic consequences’. The more recent example of low cost airlines shows a similar pattern – incremental problem solving innovation but a fundamental shift in the way the business is framed to include a different market configuration. Importantly the new frame may not necessarily involve radical change in technology or markets but rather a rearrangement of the existing elements.  Low cost airlines did not, for example, involve major technological shifts in aircraft or airport technology but rather problem-solving innovation across a broad front  to make flying available to an underserved market segment  (Ulwick 2005).  Similarly the ‘bottom of the pyramid’ development is not about radical new technologies but about applying existing concepts to underserved markets with different characteristics and challenges (Prahalad 2006). 

Mapping the search space

  We can map this search challenge as in figure 1.  The vertical axis refers to the familiar ‘incremental/radical’ dimension in innovation whilst the second relates to the nature of the frame placed around what is a highly complex environment.   Moving to the right introduces the problem of new and emergent architectures arising out of alternative ways of framing amongst complex elements.

Organizations simplify their perceptions of complex environments, choosing to pay attention to certain key features which they interpret via a shared cognitive schema – the ‘business model’ associated with a particular architecture. They learn to manage innovation within this space and construct routines – embedding structures and processes and building networks to support and enable work within it.   In mature sectors a characteristic is the dominance of a particular logic which gives rise to business models of high similarity – for example, industries like pharmaceuticals or integrated circuit design and manufacture are characterized by a small number of actors playing to a similar set or rules involving R&D spend, sales and marketing, etc. But whilst such models represent a ‘dominant logic’ or trajectory for a sector they are not the only possible way of framing things. In high complexity environments with multiple sources of variety it becomes possible to configure alternative models – to ‘reframe’ the game and arrive at an alternative architecture.  Whilst many attempts at reframing may fail, from time to time alternatives do emerge which better deal with the environmental complexity and become the new dominant model.
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Figure 1 - The search space
Using this idea of frames we can explore four zones in figure 1 which have different implications for the ways in which innovation is managed. Whilst those approaches for dealing with the left hand side – zones 1 and 2 – are well developed we argue that there is still much to learn about the right hand side challenges and how to approach them in practical terms – via methods and tools.

Zone 1 is essentially the ‘exploit’ domain in innovation literature.  It presumes a stable and shared frame – ‘business model’ / architecture – within which adaptive and incremental development takes place.  Search routines are those associated with the ‘steady state’ – portfolio methods, stage gate reviews, clear resource allocation criteria, project management structures, etc.  The structures involved in this selection activity are clearly defined with relevant actors, clear decision points, decision rules, criteria, etc. They correspond to widely accepted ‘good practice’ for product/service development and for process innovation. As the sector matures so the tools and methods become ever more refined and subtle.  

Zone 2 involves exploration into new territory, pushing the frontiers of what is known by deploying different search techniques.  But this is still taking place within the same basic cognitive frame – ‘business model as usual’. The ‘bets’ may have longer odds the decision making is still carried out against an underlying strategic model and sense of core competences.
These first two zones represent familiar territory in discussion of exploit/explore in innovation selection.  But arguably they take place within an accepted frame, a cognitive scheme, a way of seeing the world which essentially filters and shapes perceptions of what is relevant and important.  Such framing is, however, a construct and open to alternatives – and Zone 3 is essentially associated with reframing.  It involves searching and selecting from a space where alternative architectures are generated, exploring different permutations and combinations of elements in the environment.  This process – essentially entrepreneurial – is risky and often results in failure but can also lead to emergence of new and powerful alternative models.
Zone 4 is where new-to-the-world innovation takes place – and represents the ‘edge of chaos’ complex environment where such innovation emerges as a product of a process of co-evolution.  This is not the product of a predefined trajectory so much as the result of complex interactions between independent elements.  Processes of amplification and feedback reinforce what begin as small shifts in direction – attractor basins – and gradually define a trajectory.  This is the pattern in the ‘ferment’ state / fluid state before a dominant design emerges and sets the standard.  It is the state where all bets are potentially options – and high variety experimentation takes place.  
The search toolkit

  Arguably firms develop routines for search behaviour which become embedded in structures and processes.  We can summarize the search challenge in table 1.
	Zone 
	Search challenges 
	Tools and methods 
	Enabling structures

	1  ‘Business as usual’ – innovation but under ‘steady state conditions, little disturbance around core business model
	Exploit – extend in incremental fashion boundaries of technology and market.  Refine and improve.  
	‘Good practice’ NPD,
Close to customer,
Technology platforms and systematic exploitation tools.
	Formal & mainstream structures, High involvement across organization, Established roles and functions 

	2  ‘Business model as usual’ – bounded exploration within this frame 
	Exploration – pushing frontiers of technology and market via advanced techniques.  Close links with key strategic knowledge sources 
	Advanced tools in R&D, market research, Increasing ‘open innovation’ approaches to amplify strategic knowledge search resources.
	Formal investment in specialised search functions – R&D, Market Research, etc. 

	3 Alternative frame – taking in new/different elements in environment. 

 Variety matching, alternative architectures 
	Reframe – explore alternative options, introduce new elements. 

 Experimentation and open-ended search.

Breadth and periphery important 
	Alternative futures, Weak signal detection, User-led innovation, Extreme and fringe users, Prototyping – probe and learn, Creativity techniques, Bootlegging, etc.
	Peripheral/ad hoc, CV units, Internal entrepreneurs, Scouts, Futures groups Brokers, boundary spanning and consulting agencies 

	4 Radical – new to the world – possibilities. New architecture around as yet unknown and established elements 
	Emergence – need to co-evolve with stakeholders

· Be in there

· Be in there early

· Be in there   actively 
	Complexity theory – feedback and amplification, probe and learn, prototyping and use of boundary objects 
	Far from mainstream

‘Licensed dreamers’

Outside agents and facilitators


Table 1 - The search toolkit
By its nature discontinuous innovation involves working with different knowledge components – new technologies, new markets, new environmental or regulatory conditions, etc. – and firms need to develop enhanced absorptive capacity for handling this. In particular they need capability (and enabling tools and methods) to acquire, assimilate and exploit new knowledge. Discontinuous Innovation Laboratory (DILab  www.innovation-lab.org) has revolved around how firms deal with the three challenges of searching for, selecting and implementing radically innovative ideas. The research involves a combination of case studies, surveys and experience-sharing around the experiments which a variety of incumbent firms are carrying out to deal with the DI challenge. DIlabs work on “search” suggests 12 clusters of strategies, as outlined below. These search strategies be deployed to help explore zones 3 and 4.
Sending Out Scouts

  This involves employing idea hunters whose role is to search actively for new ideas to trigger the innovation process. They could be searching for technological triggers, emerging markets or trends, competitor behaviour, etc. Search is not restricted to the organizations’ particular industry; would banks and insurance companies have expected food stores to become their competitors? It is the task of these idea hunters to see and anticipate connections between currently unconnected fields. 

Exploring Multiple Futures:

  One source of ideas about possible innovation triggers is to develop and explore alternative futures, especially those which do not necessarily follow the current trajectory. An effective way of creating and exploring such futures is through scenario-based approaches. Organisations’ have, however, come to realise that while predicting possible futures is useful, they must also take action to help shape and influence emergent alternatives. These activities may involve building links with different sets of stakeholders and being a part of a future which co-evolves out of those interactions.

Using the Web

  In its simplest form the web is a passive information resource to be searched; an additional space into which the organisations sends its scouts. Some firms have sophisticated IT systems giving them early warning of emergent trends which can be used to drive a high speed flexible response on a global basis. The web can also be used as a multi-directional information marketplace. For example, pharmaceutical company Eli Lilly’s www.innocentive.com is used as a match-making tool, connecting those with scientific problems with those being able to offer solutions.

Working with Active Users

  Customers should be viewed as active players in the innovation process, not passive consumers of innovations created elsewhere. Their ideas and insights can provide the starting point for new directions and help create new markets, products and services. Active users become particularly important in the DI context because very often the challenge is to find the things which no-one has yet noticed, or the markets which don’t yet exist.

Deep Diving:

  In recent years there has been an upsurge in the use of techniques to get closer to what people need and want in the context within which they operate. ‘Deep dive’ is just one of the terms used to describe the approach. Rather than asking consumers and customers what they might like, researchers observe the everyday life of real people, capturing the experiences of people as and when they occur. This leads to the creation of new insights and a deeper understanding of how existing products and services are actually used, and insights into new, unsolved needs or wants that a company potential may solve. 
Probe and Learn

  It is difficult to imagine a radically different future, and hard to predict how things will play out. A powerful approach is to try something out – probe – and learn from the results, even if they represent a failure. This way, emergent trends, potential designs, etc. can be explored and refined in a continuing learning process. There are two dimensions here – the concept of prototyping as a means of learning and refining an idea, and the concept of pilot-scale testing before moving across to a mainstream market. In both cases the underlying theme is one of learning as you go, making mistakes but using the experience to get closer to what is needed and will work.
Mobilising the Mainstream

  One problem when searching for DI clues is that the organisation is often already stretched, and lacks resources for new and different search activities. A helpful way to amplify search capacity is to make better or different use of existing resources – to mobilise the mainstream players in new or additional roles. For example, it could refocus the core tasks of groups like procurement, sales or finance staff to pick up peripheral information about trends in the wider world. The scope within the mainstream is considerable – not only all a company’s own staff but the network of other organisations’ with which it works. 

Corporate Venturing

  Corporate venturing is the setting up of special units with the remit and budget to explore new diversification options. Loosely termed ‘corporate venture’ (CV) units they range from simple venture capital funds, for internal and externally generated ideas, through to active search and implementation teams, acquisition and spin-out specialists, etc. The purpose of corporate venturing is to provide some ring-fenced funds to invest in new directions for the business. 

Corporate Entrepreneurship and Intrapreneuring

  The other side of the CV coin, corporate entrepreneuring, includes various ways of mobilising high involvement innovation across the organisation. Sometimes called ‘intrapreneurship’, it attempts to build on ideas generated within and across the organisation to move it into new areas. Creating the culture to enable this is not simple; it requires a commitment of resources but also a set of mechanisms to take bright ideas forward, including various internal development grants and an increasingly difficult venture funding process. At its heart is a strong incentive scheme for those willing to put their drive and ideas into innovation projects – if these succeed the originators get to run the businesses they create.

Use Brokers and Bridges

  Much innovation happens at the boundary between one knowledge set and another; not at the frontier of knowledge. The scope for transferring ideas from one sector to another is huge, and a powerful source of discontinuous innovation.  Increasingly organisations are looking outside their normal knowledge zones, as they begin to pursue open innovation strategies. There is a clear message that networking, whether internally across different knowledge groups, or externally, is one of the big management challenges of the 21st Century.
Deliberate Diversity

  One search strategy, in trying to deal with the problem in discontinuous innovation, is to create diversity of vision by hiring different skills and experience sets, or by creating heterogeneous groups and teams within the firm. A variation on this theme is to collaborate with strange partners to learn new perspectives.

Idea Generators

The strategy is using creativity tools and techniques to increase the flow of radical ideas. Organisations have long since recognised the potential of using their workforce not simply as pairs of hands but as idea sources. There is plenty of scope for mobilising this resource towards more radical options and helping with discontinuous search. 

METHODOLOGY
  The case study experience of a number of firms which form part of the Discontinuous Innovation Laboratory (DILab) is drawn upon by adopting the twelve search strategies for radical innovation. Within this context we are looking at emerging methods and tools that organisations are using (Bessant and Stamm 2007) to deal  with the kind of challenges outlined in this paper.  The focus is on ‘discontinuous innovation’ – that is, innovation which involves moving beyond incremental ‘doing what we do better’ to some new path.  (This raises some semantic questions – other writers use ‘radical’ ‘disruptive’ etc. but we suggest the same intent is there – to explore innovation away from the continuous improvement trajectory.)  DI may arise out of new opportunity or be triggered by the perception of an emerging or actual threat along market, technological, regulatory or other environmental dimensions.   Our core argument is that established organizations will need to develop different and new capabilities to anticipate and manage such innovation – and empirical evidence suggests that their failure to do so can have severe negative consequences.  
The sample
  To explore the usage of the 12 search strategies a questionnaire was developed and distributed. The companies were chosen on a number of criteria: 

1) The companies had to be established in their industry as this research is concerned with either creating discontinuities or searching for existing emerging discontinuities that start-up companies may have developed. 

2) The companies had to be engaged in some form of product/service innovation. 

Companies were selected based on these key criteria from a number of databases including databases provided by the Irish Development Agency (IDA), Enterprise Ireland (EI), the Enterprise Research Centre (ERC located in the University of Limerick) and the Irish Management Institute (IMI).

Data Collection

  The questionnaire was developed for senior managers with responsibility for developing new products, senior R&D managers and in the case of many of the smaller companies the owners/managing directors were targeted as respondents. The survey was distributed electronically using SurveyMonkey.com©. Potential participants were initially canvassed either by email or by telephone and upon their agreement a link to the survey was sent. The following actions were taken to promote response and minimize bias:

· The survey and cover letter was pre-tested with a group of 8 respondents with similar responsibilities as the sample population. Pre-testing ensured that the survey questions were clear and convenient to answer and that the relevance of survey participation was evident.

· The survey included a personalized cover letter that introduced the study, identified it as an academic study, and highlighted its potential value to the respondent and the importance of their participation in the study. Participants were assured that their responses were confidential. Additionally, the respondents were offered a personalized copy of the survey results and a complementary invite to the ‘Finding the Future - Discontinuous Innovation in Irish Firms’ conference as an incentive. Finding the Futures was a one-day event which explored how the prevailing economic conditions place an even greater importance on innovation, with organisations facing the challenge of developing new products and services, not just to remain competitive, but to stay in business.
· A follow-up email was sent ten days after the initial sending mailing to remind the respondents of the request for their participation again highlighting the relevance of the study and offering the incentives.

A total of 107 useable responses, 102 fully completed responses and 5 partially completed responses, were received from a total of 580 companies contacted corresponding to a response rate of 18.5%.

Questionnaire development

  The questionnaire was developed to address the research objectives and structured into two separate parts:
·  The first part of the survey gathered demographic data from the respondent companies. 
· The second part gathered information relating to the use and importance of each of the search strategies for radical innovation. For each strategy one, two or three statements were developed to assess whether or not a company used the strategy. The statements reflected the usage of the search strategies at a basic level. Respondents were asked to rate on a 5 point Likert scale the degree to which their company currently uses the practice described in each statement and also whether or not they considered the practice to be important for radical innovation. 
Data collected using the questionnaires was analysed to determine the level of use and importance of the 12 search strategies.  Additionally, differences between the use of the different strategies based on firm size, market position, industry sector and involvement on innovation are explored.
Focus Groups
  The incentive offered of complementary attendance to the ‘Finding the Future - Discontinuous Innovation in Irish Firms’ conference also served as an opportunity to facilitate focus group sessions.  These focus groups were used to gain a better understanding of how firms use the search strategies.  The attendants to the conference which consisted both of the survey respondents, academics and other innovation practitioners were randomly placed into teams of 6-8 and discuss three issues:

1. The usefulness of the search strategies.
2. How the strategies have been implemented,
3. The barriers facing companies wanting to use the specified search strategies 
  Each team held separate discussions followed by a group discussion involving all the separate teams focusing on how to improve the management of radical idea search.
RESULTS
  Part 1 of the survey gathered demographic data including the company name, company size, and number of new products/services developed in the last 5 years etc. The medical devices sector was the largest sector representing 23% of the sample (25 firms). The sample was balanced in terms of size with 51.5% of the sample representing SME’s and the remaining 48.5% representing  large organisations (based on the European definition of an SME having fewer than 250 employees).  Respondents were also asked to specify the number of radical innovations that they introduced during the previous 5 years, 55 companies had no radical innovations, 29 companies had one radical innovation and 23 companies had two or more radical innovations over that time period.  Finally, they were requested to indicate their current market position. Table 2 summarises the data in terms of employee number, industry sector, radical innovation involvement and market position.
	
	Company Size (number of employees)
	

	
	0-50
	51-250
	251-1000
	1001+
	Total

	Industry Sector:
	

	Financial Sector
	1
	4
	2
	3
	10 (9%)

	Pharmaceutical
	4
	4
	2
	2
	12 (11%)

	Software
	2
	4
	4
	8
	18 (17%)

	Electronics
	4
	1
	1
	4
	10 (9%)

	Medical Devices
	6
	5
	6
	8
	25 (23%)

	Other Technology
	7
	2
	2
	2
	13 (12%)

	Other Services
	2
	4
	7
	1
	14 (13%)

	Other manufacturing
	2
	3
	0
	0
	5 (5%)

	Number of Radical Innovations:
	

	2+
	2
	0
	7
	14
	23 (21%)

	1
	9
	5
	6
	9
	29 (27%)

	0
	17
	22
	11
	5
	55 (52%)

	Market Position:
	

	Dominant
	0
	2
	5
	9
	16 (15%)

	Strong
	7
	14
	15
	16
	52 (49%)

	Favorable
	13
	5
	3
	0
	21 (20%)

	Viable
	6
	6
	1
	3
	16 (15%)

	Weak
	1
	0
	0
	0
	1 (1%)

	Don’t Know
	1
	0
	0
	0
	1 (1%)

	Total
	28 (26%)
	27 (25%)
	24 (23%)
	28 (26%)
	107 (100%)


Table 2 – Summary of Research sample by size, industry sector, number of innovations and market position.

Table 3 summarizes the sample according to the number of radical innovations developed according to industry sector (services vs. manufacturing) and according to market position (dominant or strong vs. favorable or viable).
	
	Number of Radical Innovations

	Industry sector
	Innovator 2+
	1
	0 (Non-innovator)
	Total

	Services
	9 (8%)
	13 (12%)
	20 (19 %)
	42 (39%)

	Manufacturing
	14 (13%)
	16 (15%)
	35 (33%)
	65 (61%)

	Market position
	

	Dominant or Strong
	19 (17.5%)
	19 (17.5%)
	30 (28%)
	68 (64%)

	Favourable or Viable
	4 (4.5%)
	10 (9.5%)
	23 (22%)
	37 (36%)


Table 3 – Summary of Research sample by number of radical innovations, industry sector and market position.
Table 4 shows the correlations between company size, market position, involvement in radical innovation, industry sector. 
	
	Company size
	Market Position
	No. of Radical Innovations
	Industry Sector

	Company size
	
	-.452**
	-.481**
	-.084

	Market Position
	
	
	.210*
	.178

	No. Radical Innovations
	
	
	
	.169

	Industry Sector
	
	
	

	**P>0.01, *p>0.05


Table 4 – Correlations between company size, market position, radical innovation involvement and industry sector.
The second part of the questionnaire focused on the search strategies for radical innovation.  Table 5 shows the 12 search strategy constructs and individual item measures. The correlation coefficients for the constructs were greater that 0.7 so can be deemed adequate for the purpose of this research (Nunnally 1967). 

	Constructs


	Measurement Items


	USE
	IMPORTANCE

	
	
	Mean
	Alpha
	Mean
	Alpha

	Sending out Scouts


	We have someone officially charged with scouting for new ideas outside the organization/looking for trends and developments that might have implications for our organisation’s future.
	3.29


	0.78


	4.37


	0.69



	
	Senior management is interested and receptive to such insights and new ideas
	3.85
	
	4.6
	

	
	We have a dedicated group of people (e.g. from marketing, sales, R&D) that explores new ways to apply our existing technology to new industries and new customers.
	3.31


	
	4.10


	

	Exploring Multiple Futures


	We make use of some form of futures study in order to create and explore alternative futures especially those which do not necessarily follow our current trajectory.
	3.06


	0.70


	3.91


	0.75



	
	We use scenarios to help understand and influence our organisation’s future
	3.24
	
	4.1
	

	
	In our organization, we try to stimulate radical innovation by periodically commissioning teams to generate ideas around major platforms or themes that are strategically relevant to us.
	3.04


	
	4.24


	

	Using the Web
	We use some from of web-based exploration in order to identify future trends in technologies and markets that may impact on our business?
	2.02
	n/a

	3.62
	n/a


	Working with Active Users


	Our organisation actively engages lead users (or active users) in identifying new directions and creating new markets, products and/or services
	3.47


	0.74


	4.22


	0.74



	
	Our organisation is able to identify its lead users
	3.84
	
	4.33
	


Table 5 - 12 radical search constructs and individual item measures
	Constructs


	Measurement Items


	USE
	IMPORTANCE

	
	
	Mean
	Alpha
	Mean
	Alpha

	Deep Diving


	Our organisation looks deeply at how people actually use our products, as opposed to how people say they use our products.
	3.37
	0.77


	4.26
	0.81



	
	We ensure that our engineers and technical people get a chance to observe the use of our products and services in real life situations.
	3.49
	
	4.27
	

	
	We make an effort to connect to our customers’ consumers (end users) and obtain regular feedback on their demands, as we recognise that they drive what our customers need.
	3.81


	
	4.44


	

	Probe and Learn


	Our organisation often conducts pilot-scale testing before moving into a main stream market.
	3.69
	0.75

	4.19
	0.65


	
	We frequently use prototypes when presenting new ideas as a means of learning and refining an idea.
	3.83
	
	4.33
	

	
	When we have a very new and different technology, we search for multiple applications and conduct several market experiments to discover promising markets
	3.34


	
	4.27


	

	Mobilise the Main stream


	Our organisation mobilizes its mainstream resources, including staff and other organisation with which we work, to support Discontinuous Innovation.
	2.85
	0.71


	3.94
	0.75



	
	We currently have systems or procedures in place that ensure insights from outside facing people are being collected systematically.
	2.74
	
	3.97
	

	
	We encourage people to come forward with ideas, even if they have only a vague idea of the potential market applications for the idea.
	3.41


	
	4.25


	

	Corporate Venturing
	Our organisation operates venture capital funds that can be used for the development of internally or externally generated ideas.
	2.21
	n/a

	3.75
	n/a


	Corporate Entre/ Intra
	Our organisation supports corporate intrapreneurship as part of our Discontinuous Innovation efforts.
	2.62


	0.77

	3.86


	0.7


	
	We have a dedicated, ring-fenced budget available to fund intrapreneurs
	2.19
	
	3.66
	

	Use Brokers and Bridges


	Our organisation operates some form of broking/bridge-building that involves bringing together people for different knowledge sets, backgrounds or functions in order to support Discontinuous Innovation.
	3.07


	0.79


	4


	0.82



	
	In our organization, we have "network ambassadors" who can help radical innovation teams connect with other people company-wide when new knowledge or insight is needed
	2.44


	
	3.76


	

	
	In our organization, we encourage radical innovation teams to expand their resource network by tapping into the knowledge of any employee in our firm.
	2.93


	
	4.07


	

	Deliberate Diversity


	Our organisation deliberately encourages diversity in terms of mind-sets and thinking in order to support DI.
	3.06
	0.69


	4.06
	0.7



	
	We consciously hire people who are different to encourage diversity within our organisation
	3.1
	
	4.04
	

	
	We systematically seek out and learn from firms - within and in particular outside our industry - that are known to have well-functioning innovation practices in order to improve our own innovation system.
	3.17


	
	4.17


	

	Idea Generators
	Our organisation operates some form of creative idea generation to support Discontinuous Innovation.
	2.66


	n/a

	4.02


	n/a



Table 5 continued - 12 radical search constructs and individual item measures

Table 6 lists the 12 radical search strategies in order of their use by the sample and the corresponding importance as perceived by the sample. The most frequently used search strategies were; 
· Working with active users which is used by 50% of the companies in the sample;
· Probe and learn which is used by 44% of the companies in the sample;

· Sending out scouts which is used by 42% of the companies in the sample ;

· Deep diving which is used by 35% of the companies in the sample.  
The most frequently used search strategies are also identified as the most important strategies. The usage of the other 8 search strategies is extremely low with less than 24% of the sample utilising them in their innovation efforts.
	Strategy
	% of sample using strategy
	 % of sample considering

 strategy important

	Working with Active Users
	50%
	75%

	Probe and Learn
	44%
	73%

	Sending out Scouts
	42%
	77%

	Deep Diving
	35%
	72%

	Deliberate Diversity
	24%
	61%

	Explore Multiple Futures
	20%
	59%

	Corporate Venturing
	20%
	50%

	Idea Generators
	19%
	64%

	Using the Web
	15%
	52%

	Mobilise the Main Stream
	17%
	60%

	Use Brokers and Bridges
	13%
	53%

	Corporate Entre/Intra
	11%
	46%


Table 6 - Use and importance of Search Strategies

For the purpose of this research the ‘innovators’ in the data set were defined as the 23 companies that had two or more radical innovations over the previous five years. Companies who had one innovation were omitted on the basis that any company could get ‘lucky’ once and develop one successful radical innovation, but to repeat this was highly unlikely thus it could be assumed that the companies with two or more innovations were actively and successfully engaged in radical innovation on a continual basis. The non innovators were defined as the companies who had no radical innovations in the previous 5 years.
Table 7 shows the statistical testing for the use of the search strategies between the ‘innovator’ and ‘non-innovator’ companies in the sample. Innovators use all the strategies to a larger degree than non-innovators and utilise 11 of the search strategies significantly more than non-innovators.
	Search Strategy
	Innovators vs. non-innovators

	
	Z-value1
	Innovators N=23
(Mean) 
	Non-innovators N=55
(Mean) 

	Sending out Scouts
	-2.389*
	3.92
	3.23

	Exploring Multiple Futures
	-3.993***
	3.72
	2.71

	Using the Web
	-0.466
	2.20
	2.08

	Working with Active Users
	-2.140*
	3.98
	3.44

	Deep Diving
	-2.072*
	4.03
	3.47

	Probe and Learn
	-2.798*
	4.10
	3.38

	Mobilise the Main Stream
	-2.595*
	3.55
	2.81

	Corporate Venturing
	-3.740***
	3.37
	1.77

	Corporate Entre /Intra
	-3.870***
	3.28
	1.96

	Use Brokers and Bridges
	-2.977**
	3.41
	2.55

	Deliberate Diversity
	-2.551*
	3.67
	2.94

	Idea Generators
	-2.351*
	3.16
	2.46

	 1Based on Mann–Whitney U significance testing (2 tailed), * p>.05,** p>.01, *** p>0.001


Table 7 - comparison of usage 12 search strategies between ‘innovators’ and ‘non-innovators’
Table 8 shows the results from the innovation focus group sessions. Three ‘clusters’ of barriers facing companies when attempting to search for ideas for radical innovation in Ireland were identified by the sample. These clusters can be summarised as cultural based, resource based and knowledge based barriers to innovation. 
	Type
	Barrier

	Cultural
	· Fear of failure 

· Lack of management support

· Existing risk averse culture

· Fear of sharing ideas (both internal i.e. within NPD teams and external i.e. open innovation)

· Radical not required unless company in trouble

	Resource
	· Too expensive

· Time: too busy manufacturing, too busy fighting fires etc

· Lack of qualified personnel, need for training

· Lack of support systems for implementation 

	Knowledge
	· Awareness of search strategies

· “know how” regarding implementation of strategies e.g. how identify lead active users, where to send scouts, how to look at futures, etc 


Table 8 Barriers to innovation to small non-dominant companies

DISCUSSIONS
  Many of the companies within the sample have clearly have recognized the need for innovation. Approximately half the sample (52 companies) claims to have developed a radical innovation in the previous 5 years. Of the 55 small companies surveyed, 16 (29%) claimed to have had one or more radical innovations over the previous 5 years. Of the 52 large organisations surveyed 36 (69%) claimed to have had one or more radical innovations over the previous 5 years. Examining the correlations between company size, involvement in radical innovation and perceived market position demonstrates a relationship between the three variables. Large companies are significantly more likely to be engaging in radical innovation than SMEs, companies in a strong/dominant market position significantly are also more likely to be engaged in radical innovation than companies in favourable or viable positions. Finally, large companies are more likely to consider themselves “strong” or “dominant” within their industries in comparison to SMEs. Christensen (1997) demonstrated that larger, dominant companies were often less inclined to get involved in radical innovation as they had too much invested in the “status quo” to potentially “cannibalize” their own business through radical innovation. Small, entrepreneurial companies, rather than large companies, are often credited with being the source of radical innovations Schumpeter (1961). Whether large companies are dominant because they are engaging in more radical innovation or they engage in more radical innovation because they are dominant in their market place was not determined in the study. What is important is that the results demonstrate that large, dominant companies are significantly more likely to be involved in radical innovation.  
Analysis of the results regarding the usage and importance of the 12 search strategies for radical innovation shows the most frequently used search strategies were; working with active users, probe and learn, sending out scouts and deep diving. Previous research suggests that these strategies have merit when developing radical products. Laforet and Tann (2006) found companies that had success with innovation used probe and learn type techniques twice as often as companies who had experienced less success. Von Hippel (1986) introduced the concept of using active users to develop novel products. These users not only act as a source of potential consumers future needs; they often act as a source of concept solutions to solve these latent needs resulting in novel new products. Holder (2001) and Hering and Philips (2005) demonstrated the importance of ‘scouting’ when attempting to discover and creating new knowledge and technologies. Bessant and Maher (2009) demonstrated how ethnography approaches, which are at the core of the deep diving search strategy, are critical at the front end of the innovation process. Barczak et al. (2009) reporting on the results of the 2003 PDMA best practices study reported that the ‘best’ performing companies in the sample utilized ethnography techniques to a greater degree than the others in the sample. 
The most used strategies by our sample were also recognised  as being the most important search strategies for radical innovation success indicating that the majority of the sample recognizes the importance of these strategies but fewer than half of the sample are utilizing them. The remaining companies are neglecting to use these strategies in their innovation efforts. Large differences exist between the level of usage and the perceived importance of the search strategies for radical innovation e.g. 77% of companies’ acknowledging the importance of sending out scouts but only 42% of companies actual engage in the practice. 
The search strategies were developed using a combination of case studies, surveys and experience-sharing of a variety of incumbent firms highly involved in innovation. This study tested the extent to which the success associated with the strategies applies to a large sample of firms. Comparing the usage of the ‘innovator’ companies’ (2+ radical innovations in previous 5 years), of which 19 out of the 23 innovators were large dominant companies, with the usage of the ‘non-innovator’ companies’ (no radical innovation in previous 5 years) shows some interesting results. As can be seen in Table 7 the usage of the strategies by the innovators is far higher than that of the non-innovators. Innovators use all the strategies to a larger degree than non-innovators and use 11 of the search strategies significantly more than non-innovators. This high/low usage of the strategies by the innovators/non-innovators is not an unexpected result but it does validate the search strategies as suitable approaches companies wishing to engage in radical innovation.
There is no difference in the perceived importance of the strategies between the ‘innovators’ and the ‘non-innovators’ so the question remains; why are so many of the small non dominant companies not using the strategies in their innovation efforts? What exactly are the barriers to utilising these search strategies? 
These questions were put to focus groups which consisted of the survey respondents as well as academics and other innovation practitioners. The focus groups identified a number of ‘clusters’ of barriers facing companies wishing to search for ideas for radical innovation in Ireland. These clusters represent cultural based, resource based and knowledge based barriers to engaging in innovation. 
Lack of resources is commonly cited as a key barrier to innovation (Tidd et al. 2009) in particular by smaller companies (Hadjimanolis 1999). Resources are limited in all companies and as a result choices have to be made regarding the allocation of resources and the prioritisation of individual projects. Limited and scarce resources do not have to represent a significant disadvantage for a company wishing to engage in innovation. As highlighted by Christensen’s (1997) review of the disk drive industry, a market leader, with a large amount of resources at its disposal does not always achieve continued success particularly when faced with a shift in market needs. Often the more key issue is the management of the scarce resources. 
Searching for radical ideas need not necessarily be an expensive and resource intensive endeavour. Strategies such as sending out scouts, deep diving, mobilizing the mainstream, exploring multiple futures and using brokers and bridges amongst other can be implemented successfully in cost effective manners. The central theme to radical innovation search is the idea of ‘do different’ and ‘outside of the box’ search; thus companies should consider implementing the strategies in alternate manners rather than focusing on high-cost implementation. Essentially the search strategies represent best practice for radical innovation search. However this excellence in radical search cannot be directly transferred by copying instances of “best practice” from exemplar firms or training staff. Specific training is difficult for radical idea search as each project differs so much from the next. Thus a capability must be built up over time with systematic learning between projects. As companies and their employees gain experience and credibility by transferring their own technologies into new areas they can then experiment with sourcing new technologies to meet emerging needs (Mosey 2005). 
Cultural barriers to innovation and change, as reported by the focus groups, are well documented in previous research 
 ADDIN EN.CITE 
(Ghobadian and Gallear 1997, Loewe and Dominiquini 2006, Hadjimanolis 1999, De Brentani 2001)
 and indeed strategies for overcoming these barriers to innovation have been proposed 
 ADDIN EN.CITE 
(McLaughlin et al. 2008, Lemon and Sahota 2004, Alegre and Chiva 2008, Mascitelli 2000)
. A lack of knowledge and awareness is identified as a major barrier to engaging in innovation by the respondents and the other two major barriers relating to resources and culture are related to this knowledge issue. Companies appear to lack the knowledge of how to overcome cultural barriers and implement radical search strategies in a cost effective manner. 
CONCLUSIONS AND IMPLICATIONS
  Companies in Ireland have recognized the need to innovate are engaging in radical innovation. Half of the companies in the sample developed a radical innovation over the previous 5 years. However those 5 years were part of the high economic growth period known as the ‘celtic tiger’ economy. The current economic climate is far different and is characterised by job losses, budget cuts, and company closure. Many companies are fighting for survival in their current market with little time for radical innovation. However this economic turbulence has not removed the consumers desire for new and innovative new products. Moments of economic turbulence provide the unique opportunity to start new businesses, launch disruptive new products, and strengthen customer loyalty by translating these moments of uncertainty into moments of opportunity through radical innovation (Razeghi 2008). The search strategies outlined in this paper represent methods companies can use to increase their search capacity and increase their chance of long-term survival. Large dominant companies are leading the way in-terms of radical innovation and if the managers of less dominant companies wish to challenge the ‘status quo’ and develop radical and discontinuous new products and prepare their company for the inevitable discontinuous shifts that occur then they need to consider the search strategies outlined in this paper
The most frequently used search strategies consisted of; probe and learn, working with active users, sending out scouts and deep diving. These strategies were also recognised as being the most important search strategies for radical innovation success. However a large gap exists between the number of companies using the strategies and the number of companies considering the strategies as being important to radical innovation. Innovation practitioners are aware of the existence of radical search best practice but over half of the firms surveys are still failing to utilise the practices. 
Much research has been completed on methods and techniques that can be used to overcome resource availability and the existence of an innovation perverse culture. However, practitioners continually cite a lack of resources and cultural issues as major barriers to innovation suggesting that the knowledge to overcome these barriers is not well diffused amongst the practitioners. The key issue relates to knowledge, or rather a lack of diffusion of knowledge. Francis Bacon (1597) is credited with coining the saying “for also knowledge itself is power" and this appears very applicable to this situation. 
This study has highlighted that there is a gap between the practices of firms who have a record of successfully introducing radical innovations and those that do not. To close this gap, researchers need to diffuse the existing knowledge to practitioners and empower them with the knowledge to be successful in the search for radical innovations.  The twelve search strategies were validated as being linked with successful innovation with our sample. Comparing the usage of the ‘innovator’ companies’ with the usage of the ‘non-innovator’ companies’ demonstrated that the innovators use all the strategies to a larger degree than non-innovators and use 11 of the 12 search strategies significantly more than non-innovators. These search strategies clearly work. If innovation managers want to develop radical and discontinuous new products and prepare their company for the inevitable discontinuous shifts that occur then they need to consider the search strategies outlined in this paper. Many markets are extremely competitive and companies when following their current trajectories often need to ‘sprint’ in order to keep pace with their competitors. If a company shifts their focus from their current trajectory and takes a few steps in an alternative direction then they may find the market place less crowded and filled with potentially radical opportunities. 
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