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SUMMARY:

Pavitt argues that business firms remain incapable of predicting accurately the technical and commercial outcome of their own innovative activities. But are the firms even capable of planning their own innovative activities over time?   The proposed Innovation Cycle Strategy (ICS) model improves the capability of the firm to formulate and plan its short run and long run innovation strategy. 
 The ICS is based on the following consecutive phases: first phase, market/product/technology driven innovation using new knowledge; second phase, technology driven innovation based on new technology knowledge, current product and market knowledge; third phase, product driven innovation based on current product and technology knowledge; fourth phase: market driven innovation, using the current technology and product knowledge in order to enter a new market for the firm, or new product and technology knowledge augmenting added value of current market, and continuously as in the second and third phase. 
The Nokia and Netafim case studies illustrate a successful way to sustain competitive advantage and business growth based on use of the ICS model.
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INTRODUCTION
Arthur De Little (1997) surveyed 669 companies from 10 business sectors in the United States, Canada, Latin America, Europe, and the Asia-Pacific region. Eighty-four percent of the respondents agreed that innovation is the main and critical factor for success in business, and that its importance is increasing over time. For his
 survey,  De Little defined innovation as the “capability of developing a new product based on new technology for as-yet unmet customer needs”.

Technological innovation has been the subject of  macro and micro economic and firm related researches. At the macro economic level, Gruber (1967),, Gruber and Vernon (1970), Jones (1970), Samuelson (1965), Utterback and Abernathy (1975), and Hirsch and Bijaoui (1996) have shown in their research a positive correlation between R&D investment— the resources behind the technology factor—and economic growth. Initiatives such as US technological incubators or the EU R&D Framework Program are the manifestations of policies encouraging business-oriented technological development.                                                                                                                  At the micro economic level, numerous firm related researches have shown empirical evidence for the positive impact of innovation on growth.  Rothwell et al (1974), in their study of project SAPPHO, analyzed the determinants explaining the positive correlation between growth and innovative activities of firms in chemical and  scientific instruments sectors. Van de Ven et al (1989) examined fourteen innovations and derived the road map of the innovation process, and the factors influencing it at various stages. Cooper and Kleinschmidt (1990) and Cooper (1994, 1999) in the project NEWPROD,  analyzes the success and failure of firms over time in product development.                                                        

Leifer et al (2000) showed how innovation can be used to “rejuvenate” mature businesses and to create advantage.                             
Trials to develop models of innovation at the firm level, from the linear model (Rothwell 1991 ) to chain link models (Forrest 1991)  and the interactive/contingent model (Mahdi 2002)  did not succeed,  according to Pavitt (2003), in creating “allegiance to any particular theory or method”. Pavitt (2003) proposed a theoretical framework based on the following assumptions: 
· Innovation processes involve the exploration and the exploitation of opportunities for new or improved product, process or service, based either on an advance in technical practice (knowhow) or a change in market demand as discussed by Mowery and Rosenberg (1979).

· Innovation is inherently uncertain, given the impossibility of predicting accurately the cost and performance of a new artifact, and the reaction of users to it

Pavitt’s theoretical framework divides innovation into three, partially overlapping processes, consistent with the two basic assumptions set out above:  

· Production of scientific and technological knowledge, increasingly specialized

· Transformation of knowledge into working artifacts (products, systems, service)
· Responding to and creating market demand
Pavitt’s theoretical framework is that of technology driven innovation: “production of scientific and technological knowledge”. The knowledge is transformed into artifacts of product responding to market demand. 
Some researchers have proposed the two other innovation process alternatives, viz. product and market driven innovation.  De Little (1997) defines the result of product innovation as “a new product”, launched for the first time in the market, such as the first fax or the first compact disc.”                                                              
Urban (1993) defines product innovation as “the exploitation of engineering opportunities improving value of the product for the customer.” Urban gives the example of liquid crystal diodes, light-emitting diodes, or the self-charging battery as product innovations of the wristwatch. While the digital wristwatch and the mechanical wristwatch fulfill the same need, they are actually totally different products, demanding differing product knowledge. This is also a product innovation process.
For De Little (1997), market driven innovation involves fulfilling an existing customer need, such as AIDS therapy, that has hitherto not been met, or a latent and hitherto unmet customer need, such as a warming or no-cooking process, demanded by parents working outside the home, fulfilled by the microwave oven. In both cases this is a market driven innovation process.




Ansoff (1991) proposes constructing demand, technology, and product life cycle curves over time, based on technology, product and market driven innovations.
 The Demand Life Cycle (DLC) curve is the expression in sales of the market’s evolution over time which is the result of two phenomena: continuous fulfillment of the current historical value in the market, being the first level of market driven innovation, and acceleration of the growth of demand, based on improved value provided in the market, being the second level of market driven innovation.                                     

 The Technology Life Cycle (TLC) curve is the expression in sales growth of two phenomena: the impact on sales of continuous improvement of current technology, as the first level of technology driven innovation, and the acceleration of sales resulting from new technologies, as the second level of technological driven innovation.
The Product Life Cycle (PLC) is the result of two phenomena: sales evolution over time as the result of continuous improvement of the current product (this is the first level of product driven innovation), 


and sales based on a new product concept (this is the second level of product driven innovation).  





In order to improve its competitive advantage, should the firm’s innovation strategy be based on technology, product, or market driven innovation? Separately? Simultaneously? 
I argue that efficient innovation strategy is  driven by product-, technology- or market innovation, following an innovation cycle starting with market driven innovation and subsequently, product, and technology driven innovation. The Conceptual Map supports the firm in defining the customer’s value features and selecting implementing the best, technology, product and market driven innovation strategy over time.    




FORMULATION OF THE CONCEPTUAL MAP
 (Exhibit 1)

Product, technology, and market knowledge axes provide the starting point for the potential  market, product and technology driven innovation processes.  The selection of the relevant innovation model is based the current product, technology and market knowledge of the firm in its internal environment, and on new product, technology and market knowledge acquired in the international arena, outside the industrial specialization of the firm, in the external environment. 

Nike acquired first market knowledge on habits and needs of basketball and football players, in order to determine products and technologies. Basketball and football players are two market knowledge axes (Mc) in the internal sportsmen market environment.  Nike will currently collect information on sportsmen habits, which will be transformed into knowledge used to improve future added value to the sportsmen customers and create in the same internal environment others market knowledge axes such as cricket or golf. Mountain leisure is an external market environment, in which Nike can develop a new market knowledge axis (Mn), using its product and technology knowledge in sportsmen products and development shoes, clothes and accessories for that market.  
The product knowledge axis in the internal product environment (Pc) can be defined around a specific product, sportive shoes, and its components,  sole, heel .
Clothing products, in the external product environment for sportive shoes may be a new product knowledge axis (Pn), using the product/technology knowledge experience of the firm in sportive shoes products (lightness, elasticity features) and its current market knowledge in sportsmen market (Mc). 
Technological knowledge axes in sportive shoes were based on know how in, leather, textiles, glue, or molds for flat soles (Tc), defined as the internal technological environment. In order to improve its competitive advantage over time, Nike had to develop new technological axes (Tn) based on know how from the external technological environment such as polymers, welding and cushioning/shock technologies. Nix max air cushioning soles or Nike Shok columns are based on those new technologies. 
Customer’s Value Features (Exhibit 2)
The customer expects three kinds of value from any given product: Core Value, Ease-of-Use Value, and Social Value. 
Christensen (1999) argues that the relative importance of cusomers’ value features depends on the stage of development of the market. In the early phases of most markets, when competition is weak, the functionality or Core Value of the product drives customer choice. When the functionality of a product becomes high enough to satisfy customers, competition becomes more price-intensive, customers will begin to choose products based on reliability, and they will pay more for improved quality / reliability. Once the customer obtains enough functionality and reliability, s/he tends to ask for more convenience / ease of use.
Christensen does not mention social value, whose impact increases with competition in the second (Growth) and third (Maturity) phases of development.
· Core Value
Core Value is fulfilled by functionality and quality features.  

Hours, minutes, days, or months  are functional/core value features for a wristwatch. Value features differ according to the customer, knowing the time in other cities will have a higher value for a frequent traveler, as will audio features for a blind consumer.
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Quality features such as efficiency (precision for a wristwatch), reliability, durability, and repairability are complementary features that improve the value of the product’s core features.
· Ease-of-Use Value:
Ease-of-use improves the use satisfaction of the customer. Ease-of-use value is provided by two kinds of features:
Support features - remote control for a television, an ear set for cell phones, and 
the mouse for a PC, are convenience operations features.
Design features - size and weight for a laptop or a cell phone are design features that 
 improve ease of use of the product.
· Social Value

The customer may be willing to pay more for a particular product because s/he perceives an added value—the social value manifested in three kinds of features:
 -  
Brand: Sony for television, Compaq for computers, or Nike for athletic 
shoes, for   

     example
    
-  Material: leather for shoes, silk for clothes, gold for jewelry, or 
rare wood for              

   furniture, for example
-  Design: in general associated with brands like Benetton clothing or the 
    fashionableness of 
Samsonite luggage.
Customer’s value features change over time according to the evolution of the natural, demographic, cultural, technological, economic, and legal environments.
    An example of a change in the natural environment is the “greenhouse effect”, which creates business opportunities for new combustion processes (gas, electric motors) or filtering systems in the automotive market.
Exhibit 2: CUSTOMER’S VALUE FEATURES
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 Following are some examples of environmental changes: demography - smaller families;
 economy- higher standards of living;
 culture - independent, working women;.t
echnology - the microwave era creating a new business opportunity (the   need for an oven used for warming only; law - new standards in the European Union (for example, the interdiction of cellophane use (http://www.cordis.org.be) in contact with food demands a change in market value features).
Innovation Models 

·  (Exhibit 3)
The Product, Technology, and Market axes are the origin of three main groups of innovation models: Product-Driven, Technology-Driven, and Market-Driven innovation models. According to customer demand value features, as well as the firm’s market, product, and technology knowledge, the firm decides, over time, which model to choose and implement.
In the following paragraphs, Pc, Tc, and Mc represent Product, Technology, and Market, based on the firm’s current knowledge in the internal environment; and Pn, Tn, and Mn represent Product, Technology, and Market based on new knowledge coming from the internal (as new) and external environment.
· Product-Driven Innovation Models (PDI)
The  potential product-driven innovation models are current product-driven innovation in current or new market or new product driven innovation based on the current market:
   PcTcMc,  PcTn Mc, PcTcMn:  improvement of the current product for the current market 
or for a new market using current or new technology knowledge. Miller (1999 a) defines the Product-Driven Innovation Model as a “
continuous innovation process occurring within the boundaries of the existing 
knowledge of the firm”.
Nike founders Phil Knight and Bill Bowerman detected a need in the US market for less expensive athletic shoes to compete with German brands Adidas and Puma. They began by importing conventional athletic shoes from Japan’s Onitsuka Tiger. In order to develop a better competitive advantage, Knight and Bowerman decided to implement the PcTcMc innovation model by ordering a running shoe style (improvement on an existing product) with a nylon upper (new technology) from Tiger, providing the light weight and durability (improvement of product characteristics) demanded by current customers, in this case professional runners.

 
Pc Tn Mc - improvement of a current product for the current market, using new technology (Tn),  to provide a higher added value to the customer. This model requires the development or the acquisition of new technological knowledge (what Miller refers to as discontinuous technological innovation).
Christensen proposes that both accessing relevant discontinuous technological innovation (which he calls disruptive technology) and selecting it require evaluating the performance improvement trend of the mainstream (current) market and comparing it to the expected trajectory of performance improvement of selected disruptive technologies. 
The best disruptive technology will be the one matching the  expected trajectory of market performance improvement, and not the one with the best performance improvement.
  The Marathon athletic shoe style, followed by the Cortez, was created. Tailwind, Nike Air’s first running shoe, was the result of PcTnMc model implementation, or the improvement of running shoes using Nike’s new patented Air-Sole cushioning system. 

Other new technologies such as Max Air (engineered to handle impact), Zoom Air (extra-light and responsive), and Air Shock (slower rate of impact loading) were later developed for both the professional and sportive leisure markets as new markets: PcTcMn, product driven innovation.


· Technology-Driven Innovation Models (TDI) 

The main purpose of the TDI model, or technology push, as Betz refers to it (1987), is to find applications for a current or new technology that create a new added value in the market. Such technology is used to develop the most relevant product providing the customer with the expected value.
 The 
TDI innovation model can be implemented in two ways:
TcPnMc/n - the innovation process starts with a technology developed to provide improved added value in a current market, or to enter a new market (Mn) for the firm by being subsequently embedded in a new product.
In 1946, Dr. Percy LeBaron Spencer of Raytheon Corporation (www.amana.com) developed a technology-based competitive advantage: microwave technology as a spinoff of the development of the magnetron, the power tube that drives a radar set. 
Without any prior experience in the oven market, Raytheon Corporation implemented the TcPnMn innovation model by capitalizing on the speed cooking market value feature to create a new market for Raytheon in the sphere of restaurants and the food processing industry, and to enter this new market with a new product based on its current technological knowledge. In 1947, the first commercial microwave oven hit the market weighting 750 lbs. / 340 kg., at a unit cost of $5,000. The focus on speed cooking at such a high weight and price obviously did not suit the consumer electric appliance market. 
TnPnMc/n- a new technology seeking applications in new/current markets and embedded in a newly developed product. It is m
ainly scientific researchers or technological entrepreneurs who undertake the implementation of such an innovation model. Due to the lack of product and market knowledge, few of them succeed in transforming their technological initiative into a growing business.
A powerful tool for puzzling out the characteristics of a wide variety of molecules emerged from the work of Arthur L. Schawlow and Charles H. Townes in the field of microwave spectroscopy (Luccent Technologies 1998). Neither one of these researchers was planning on inventing a device—the laser—that would revolutionize a number of industries, from communications to medicine. Schawlow and Townes had something more straightforward in mind: developing a device to help them study molecular structures. Schawlow recalled of the unanticipated invention, “We thought it might have some communications and scientific uses, but we had no application in mind.” Schawlow’s and Townes’ technological innovation was intended for developing an instrument for a small market, that of the study of molecular structures, using a developed product—the laser. We know today that larger markets, i.e., communications and medicine, use laser technology. 
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Bell Labs implemented a more successful TnPnMc innovation model than that of Schawlow and Townes when it decided to hire them in order to develop a new technology—laser technology, a discontinuous technological innovation beyond Bell Labs’ existing technological knowledge. Laser technology had been implemented in the telecommunications market, in Bell Labs’ existing market knowledge context, yet beyond its existing product knowledge. 
The TnPnMc innovation process has a better chance of succeeding if the firm pursuing it finds applications in the context of its current marketing knowledge. 









· Market-Driven Innovation Models (MDI)
The two potential market-driven innovation process models are as follows:

    McTnPn - The innovation process starts with the search for improving the added value in a current market using a new technology/product. Thus it requires the development of a new/improved product based on new/improved product and technology knowledge.
In 1982, the CD-DA (compact disk-digital audio) was introduced to the consumer market jointly by Philips and Sony. The new product, storing a high-quality stereo audio signal in digital form, responded to the added value demand in the current market for improved music quality, capacity, and size of the product. The compact disk was a new product replacing the phonograph, based on new technology improving a current market.. Only those such as Sony and Philips, who were able to discontinue their phonograph product specialization and move on to new technological and product capabilities, survived in that market and developed it further. 











 
 
MnPnTn - The starting point is an unmet market (Mn), for which a new product is developed based on current or new technological knowledge.

The MnPnT innovation model was implemented successfully by Corning Glass, which sought new market opportunities to fulfill demand for its current knowledge in glass product technology.

In 1958, at the US Army Signal Corps Labs in Fort Monmouth, New Jersey, the manager of Copper Cable and Wire was frustrated by signal transmission problems caused by lightning and water (http://inventors.about.com/library/weekly/aa980407.htm.). He encouraged Materials Research Manager Sam DiVita to find a replacement for copper wire. Fiber optic technology was developed as an alternative.

As a result, Corning Glass found in fiber optics a market opportunity in the new cables market (Mn), consequently developing the Optical Wave Guide and thereby providing huge added value to the customer: the conveyance capability of 65,000 times more information than that of the existing product, copper wire.

MARKET LIFE CYCLE  (Exhibit 4)
The choice of the relevant innovation model depends on the capability of the firm to anticipate customer value and technology and market evolution. Vernon’s Product Life Cycle (PLC) is one of the few models that can be used for planning innovation strategy even partially.  The PLC curve describes the sales evolution over time of a product domain from the Early phase or Christensen’s Functionality period, through the Growth phase or Reliability period, until the Mature phase or Convenience period. 
The starting point of the PLC expresses the implementation of product (PnTnMn), or technology (TnPnMn), or market (MnTnPn) driven innovation according to the firm’s definition of its primary competitive advantage: the new product concept, the uniqueness of the technology, or the anticipated market potential. But for the firm it is a new product, new technology, and new market. The firm at the early stage of the PLC seeks  an innovation model augmenting product core value-functionality by improving current technology or product knowledge (PcTcMc) or new technology knowledge (TnPcMc). The firm at the growth stage of the PLC seeks an innovation model augmenting mainly its core value-quality / reliability chiefly by using its technology and product knowledge (PcTcMc) in a product driven innovation model, with the possibility of using new technology knowledge(TnPcMc). A firm  at the maturity phase of a product seeks an innovation model improving its ease-of-use / convenience value. At this stage, competition is high, and technology change in the product is not frequent. Firms will use their product and technology current knowledge in order to improve their market share in the current market (PcTcMc) and will try, at the same time, to sustain its market share by using product driven innovation (PcTcMc) and to enter new markets using current technology and product knowledge (MnPcTc), as DELL computers is doing today by using its product and technology knowledge in order to enter a new market, the home market for electric/electronic products.
The limits of the PLC as a model for planning innovation strategy
The PLC curve cannot express sales resulting from the following innovation models:

· 


Exhibit 4: PRODUCT LIFE CYCLE AND INNOVATION MODELS
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· TcMnPn innovation process - use of a current technology embedded in a new product for a new market (see the case of Raytheon’s microwave oven case)


· 
· 
· 

· 
· McPnTn innovation process - fulfillment of the current market by a new technology and product, which can be initiated by the firm or its competitors (see the Compact Disk case)
Also, PLC cannot distinguish between the impact on sales of the various innovation models.
  The forecasting model best adapted to the decision on which innovation model to choose is the Market Life Cycle (MLC) model.



Market Life Cycle Curves and Innovation Models (Exhibit 5)

The MLC curve represents the evolution of sales resulting from the various kinds of competing products in the market. Sales of the various products resulting from the various innovation models will be integrated into the relevant McLC or MnLC curve as follows:

· Current Market (Mc)

The McLC curve is the combination of: PcLC(Tc),  a product based on current product-technology knowledge in the current market; PcLC(Tn),  a product based on current product and new technology knowledge in the current market; and  
1. PnLC,                 a new product proposed by a firm operating in another market and using its current product and technology knowledge in order to implement a market innovation strategy in that market  or by a new firm starting its business in that market.
Exhibit 5 : MARKET LIFE CYCLE AND INNOVATION MODELS
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· New Market (Mn)
The firm operating in Mc market with Pc product can implement a market driven strategy and enter a new market(Mn) using its product and technology knowledge: PnnLC curve. In that market it will compete with current product (PccLC).  
The Innovation Cycle Strategy (ICS)
The  Innovation Cycle Strategy is based on the following consecutive phases of the MLC:     

· First phase:  Market/product/technology driven innovation using new knowledge, when one of the axes is the leader: MnPnTn, PnTnMn, TnPnMn  
·  Second phase: Technology driven innovation based on new technology knowledge and current product and market knowledge: TnPcMc 
· Third phase: Product driven innovation based on current product and technology knowledge: PcTcMc
· Fourth phase: Market driven innovation, using the current technology and product knowledge in order to enter a new market for the firm, MnPcTc, or new product and technology knowledge augmenting added value of current market: McPnTn (Compact Disk case) and 
Continuously as in the second and third phase.
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NOKIA AND THE MOBILE PHONE MARKET


As the mobile phone industry moved from its infancy in the 1980s to its consolidation stage in the 1990s, with Nokia (www.nokia.com) having entered the market in 1979 with the establishment of Mobira Oy (Nokia Mobile Phones), a venture owned jointly with Salora, a Finnish consumer electronics manufacturer. But it was only in 1991, with the acquisition of the British Technophone—up until then Europe’s second largest mobile phone manufacturer—that Nokia secured its position as the second largest producer of cellular phones behind Motorola, based on the Global System for Mobile Communications (GSM) and Digital Cellular Systems (DCS) networks. 
Nokia’s business success is the result of the right innovation strategy  at the right time, even if it was not planned according to the MLC.      

Nokia entered the mobile phone-voice communication market developed mainly by Motorola, one of the first producers of wireless radio, which was the foundation of cellular phone technology, using the market innovation driven strategy: MnTnPn.  
In 1996,   Motorola decided to improve the current analog technology by developing its new mobile phone generation, following the PcTcMc product driven innovation strategy. Analysts attribute Motorola’s weakness to that decision. The other option was developing a new technology in order to increase its lead over new competitors such as Nokia, a PcTnMc product innovation driven strategy. 
Meanwhile, Nokia, while investing heavily in GSM, DCS, and Personal Communications Services (PCS) based on digital technologies ( PcTnMc, product driven innovation strategy) followed by product innovation (the PnTc/nMc innovation process), the development of  the ultra-small mobile phone, which is a way to implement both PcTnMc strategy and MnPcTn strategy because with a small and handheld cell phone Nokia enters new markets.   
Ericsson invested in digital technology as well, but not in product development of the ultra-small mobile phone.
Thus, 
Nokia succeeded in improving its competitive advantage against its two main competitors because it decided  to follow both product- and market-driven innovation strategy, one based on the new digital technology, and the other based on the product innovation of the ultra-small mobile phone.  
Nokia also succeeded in implementing the three successive market-driven innovation strategies that opened up the data transmission, media, and virtual markets (MnPc/nTc/n innovation process models) to its products (see Exhibit 6).
In the data transmission market, the competition came from the PC-with-modem, enabling Internet communication, to which market the cell phone added mobile-wireless value. 
In the media market, the cell phone created a new medium that competes with 
newspapers, radio, and television.  
The virtual market is in its infancy, with competition coming mainly from virtual stores on the Web. 
Below is a table (Exhibit 6) presenting the customer’s value features of the conceptual map followed by Nokia’s innovation strategy evolution over time around the technology, product and market axes. 



















Exhibit 6: NOKIA CELL PHONE CUSTOMER’S VALUE 
                                          FEATURES
	Customer’s Value Features
	Core Value
	Ease-of-Use Value
	Social Value

	First Market Generation
Voice transmission
	C1: voice            
C2: transmission

C3: accuracy
C4: speed           C5: reliability
C6: message recording capability

C7: call identification feature

C8: battery / energy
	E1: mobile
E2: ear set
E3: size
E4: ring tones        E5: design
	S1: brand
S2: changeable
cover
S3: design



	Second Market
Generation
Data Transmission
	C9: memory
C10: capacity
C11: solar-powered battery
	E6: screen size        E8: paging capability

	S4: size


	Third Market Generation
Media 

	C12: real time
C13: imaging

	E8: add-on cards

	

	Fourth Market 
Generation
Virtual

	C14: online 
databases
C15: office 
equipment interface


	E9: navigation
	








In the following paragraphs I present how Nokia succeeded in expanding its business activities and improving its competitive advantage over time by implementing the Innovation Cycle Strategy: consecutively market driven innovation strategy, product driven innovation strategy based on new technology, product driven strategy based on   current product and technology knowledge, and, again, implementation of a similar innovation cycle strategy starting with market innovation strategy. 
Exhibit 7 presents the different market driven innovation processes focusing on Nokia’s  cell phone in the voice, data, media and virtual market 
Market Driven Innovation Strategy MnTnPn: 




In 1981, Nokia introduced the first global-capacity car phone based on the cell mobile phone network , Network Management Terminal
 (NMT): 
· Mn - vehicle-based telecommunications 

      -    Pn: first global-capacity car phone
· Tc/n - NMT, cellular
· 
· Mc - voice communication
Product Driven Innovation Strategy PcTnMc:
In 1982, Nokia developed the first digital phone exchange, or DX-200, implementing:
· Mc - improvement of customer value in the existing market
· Pc/n - improvement of the current product (Pc) and development of additional product components (Pn)
· Tn - development of the new digital technology
Product Driven Innovation Model PcTcMc:


Use of current product and technology knowledge to capture a larger voice communication market
. In 1987, Nokia introduced the Cityman, the first NMT hand-held phone, implementing:
· Pc - improvement of the portable value feature in a new generation of products based on current product knowledge
· Tc - use of current technology knowledge 
· Mc - enlarging a current market: hand-held voice communications
Market Driven Innovation Model MnPc/nTc/n:



In 1990, the first radio data system and mobile search (Mobile Broadband System, MBS) text pagers were introduced, implementing:
· Mn - the Mobile Data Transmission market, going beyond existing voice communication knowledge
· Tc - use of current digital communication technology
· Tn - acquisition of Ericsson’s Data Systems Division and cell phone- embedded software, going beyond existing technology knowledge
· Pc/n - using current cell phone product knowledge and Pn (new product knowledge) in data systems components
Product Driven Innovation Model PcTnMc:


In 1992, the first digital hand-held GSM network-based phone was introduced, implementing:
· Pc/n - first large-scale production of portable GSM phone
· Tn - network-based GSM
· Mc - mobile voice and data transmission

Market Driven Innovation Model McTnPn:


In 1994, Nokia introduced Immersat, the world’s first satellite transmission-powered, pocket-size phone, implementing:
· Pn - satellite transmission-powered, pocket-size phone 
· Tn - Inmersat satellite communication technology

· Me - mobile voice data communication
Product Driven Innovation Model PcTnMc:


This model implements improvement of the current product using improved current and new technology. In 
1997, Nokia introduced the solar cell battery (Tn) and NaviKey menu system in its Nokia 3110 model, which it called its “Complete Smart Messaging Solution”(Tn) featuring WLL (Wireless Local Loop) Easy Way Access Link, GSM radio access to a wireless local exchange, and fast, one-button access to the phone’s functions. The Nokia 6100 added audio quality.

Market Driven Innovation Model MnPc/nTn:
In 1998, The Nokia 9110 Communicator was the first hand-held mobile device supporting wireless imaging, while the Nokia 5100 featured user-changeable covers. The world’s smallest NMT phone was the Nokia 650.  In 1999 the Wireless Application Protocol (WAP) and Wideband Code Division Multiple Access (WCDMA) were introduced . These implemented:










Exhibit 7: NOKIA CONTRIBUTION TO VOICE DATA, MEDIA AND 

                                 VIRTUAL MARKET   
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· Mn - the media communication market

· Pc/n - media components (WAP, imaging)

· Tn - WAP and WCDMA
Product Driven Innovation Model PcMcTn:

In 
1999 Nokia ushered in the world’s first high-speed data terminal for wireless networks, the Nokia Card Phone 2.0, bringing with it a four-fold increase in data transmission speed.
Product Driven Innovation Model PcTcMc:
In 


2000 Nokia introduced the Tetra WAP browser for real-time access to databases. The Tetra WAP is a data and media phone that uses current product knowledge in the form of a WAP-based system. Therefore, the Tetra WAP is an example of a product developed by going beyond the firm’s current technology knowledge.
Market Driven Innovation Model MnPc/nTc/n:
In 

2002 Nokia introduced the WCDMA package, offering data calls between commercial networks and a terminal. The 
MnPcTc market-driven innovation process implemented:
· Mn - virtual retail / office outlet 
· Tc - WCDMA
· Pc/n - a media phone
NETAFIM DRIP IRRIGATION SYSTEMS
Netafim (www.netafim.com) was founded in 1965 by the agricultural settlement of Kibbutz Hatzerim. Drip irrigation was originally specifically designed to cope with the problems that Hatzerim’s farmers faced in irrigating their own crops, including lack of water resources, scant rainfall, dry desert soil, high levels of soil salinity, and extremely hot summers. These harsh conditions rendered agriculture with conventional irrigation methods ineffective and even impossible. Out of necessity, Hatzerim’s experts created a system where small quantities of water were used to maximum efficiency, a market innovation process based on MnTnPn market innovation strategy:
· A new market (Mn) - development of agriculture in an arid region where the  limited water availability was not conducive to agriculture. The region had water resources, but lacked the ability to bring water efficiently to the plant. 
· The development of a new technology (Tn), drip technology
· The development of a new product (Pn), the dripper
In the second generation, Netafim improved the dripper by providing higher customer value to the market, such as a pressure-compensated or self-cleaning dripper, implementation of PcTc/nMc product driven innovation strategy   In the third  generation, 









Netafim entered the new
 plant growth monitoring market,  using the controlled flow of nutrients such as liquid fertilizers and the use of complementary systems controlling other environmental parameters such as humidity. 
  
Thus, the farmer is able to supply the plant with the nutrition geared to reach the market sooner (pre-season) or later (post-season) than the competition, with the right agricultural product (size, shape, color, ripeness). 
   This is the implementation of MnPcTc/n market driven innovation strategy.   
Following are the Netafim customer’s value features in the different generations and the implementation of the Innovation Cycle strategy over time.
Customer’s Value Features (Exhibit 8)
· First Generation:  Efficient use of Water 

Core value features: C1: Water Pressure, C2: Reliability, C3: Control, C4: Durability

Ease of use value features: E1: customized dripper location, E2: Self cleaning

Social features: S1: Brand

· Second Market Generation: Control of  Plant Growth Process
Core value: C5: Control of the flow of different nutrient liquids 

Ease of use value: E3:  Automatic Flow Injection, E4: Programming/product   

Social value: S2: Use of advanced technology by the farmer










Exhibit 8: NETAFIM CUSTOMER’S VALUE FEATURES
	Customer’s value features
	Core value
	Ease-of-use value
	Social value

	First market generation Drippers for Arid Region
	C1: water pressure
C2; control
	
	

	Second  market generation

Irrigation in Agriculture 
Dripper
 and Micro sprinklers
	C3: reliability             C4: durability

 
	E1: customized dripper location E2: self-cleaning


	S1: brand



	Third market generation
Control of plant growth processes - System

	C5: flow control of various nutrient liquids

	E3: automatic flow injection
E4: programming /

product
	S2: use of advanced technology by the farmer



Implementation of Innovation Models (Exhibit 9)
· MnTnPn: Market-Driven Innovation Model

-  
Mn - Arid regions where there is no agriculture because the limited availability 
of water. 
· Tn - dripping
· Pn – in pipe drippers

· PcTnMc: Product-Driven Innovation Model


 The dripper is “implanted” from outside on the pipe, allowing the choice of the plant location.  The pressure-regulated compensating (PRC) dripper technology is a unique invention that enables drip irrigation in severely sloping conditions. 
· Mc - added value: better water distribution
· Pc –  drippers “implanted” on the pipe and regulated
· Tn – compensated pressure 

Exhibit 9: NETAFIM’S CONTRIBUTION TO DRIPPERS, SPRINKLERS, AND THE 
PLANT GROWTH MONITORING MARKET

   DESERT MARKET                                           IRRIGATION  MARKET



· Market-Driven Innovation Model - MnPcTc
Drippers offer increased reliability, precision, and efficiency, as well as multi-purpose uses, from greenhouse cultivation and landscaping to orchards. The system enables the firm to enter what is for it a new irrigation market, competing with existing products such as sprinklers: 
·  Mn: markets in agriculture (greenhouses, orchards); other applications such as landscaping
· Pc: Dripper

· Tc: improvement of drip technology + use of new polymers
· Product-Driven Innovation: PnTc/nMc
Netafim’s first micro-sprinkler generation is suitable for a wide range of crops that require a medium-to-low flow irrigation system with optimal clog-free capacity and superb distribution uniformity, implementing:

-   Mc: Market in agriculture and landscaping

-  Pn: Micro sprinklers
- Tc/n Combination between dripping and sprinkler technologies

· 
· 
· 
· 

· 
· 
· 
· 

· 
· 
· 
· Market-Driven Innovation Model  MnPc/nTc/n



The drip irrigation system nurtures the plant and monitors its growth, using a fertilizer system that is injector-operated by water pressure. Netafim recognized the farmer’s hitherto latent need to control the development of the plant by developing that need in accordance with its own business objective.  The result was a better product entering the market in a better period, at a more attractive cost / price, implementing:
· Mn - monitoring growth of plants such as fruits, vegetables, flowers 
· Pc/n - existing and additional (filters, control systems) product knowledge
· Tc/n - drip technology adapted to fertilizers and other liquid ingredient flow; plant monitoring technology; micro-electronic sensors
CONCLUSION
Pavitt argues that business firms remain incapable of predicting accurately the technical and commercial outcome of their own innovative activities. Firms do not have any theoretical or pragmatic model in order to plan their innovation strategy.    The Innovation Cycle Strategy is ICS is oriented to customer’s value features and driven by product, technology, and market innovation.  The first stage of innovation strategy formulation and planning is to develop the conceptual map focusing on customer’s value features and the technology, product and market knowledge axes of the firm, based not only on the internal environment knowledge but also on external environment knowledge. Firms live and act mainly in the limited internal environment created by their market, product, and technology specialization and so their innovation strategy is  mainly product innovation driven (PcTcMc).     
The cases of Nokia and Netafim as well as many other cases presented in this paper such as Compact Disk case (Phillips and Sony) or Fiberoptics case (Corning), demonstrate that successful innovation strategy over time needs to be based also on technology, product, and market driven innovation using knowledge from external environment. 
The second stage of the Innovation Cycle strategy is to determine the product, technology, and market driven sequence and timing: first phase, market/product/technology driven innovation using new knowledge; second phase, technology driven innovation based on new technology knowledge, current product and market knowledge; third phase, product driven innovation based on current product and technology knowledge; fourth phase: market driven innovation, using the current technology and product knowledge in order to enter a new market for the firm, or new product and technology knowledge augmenting added value of current market, and continuously as in the second and third phase. 

The Nokia and Netafim case studies illustrate a successful way to sustain competitive advantage and business growth based on use of the ICS model. 
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