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Abstract

This paper focuses on an extensive history of the push and pull drivers, how they  function in the value and supply chains, manufacturing, and how they affect new product innovation. Integrated product development, where suppliers, engineering, manufacturing, and customers coordinate their needs and constraints occurs as a result of the use of cross-functional teams, overlapping activities, and design for manufacturing (DFM). Integrated product innovation also reduces the distinction between technology push and market pull, and consequently results in an integration of the push and pull drivers of innovation.  Our research question revolves around the relationship between push and pull as drivers of innovation.  What drives innovation? What actually triggers the relationship between push and pull and promotes new product development?  Is technology trying to push to the market its latest invention(technology-push), or is   market demand  directing the  research and development of a new product(demand-pull)? The technology-push, demand pull research  question has ramifications at many levels of inquiry ranging from understanding the source of inspiration for an individual inventor, to the establishment of economic policy and competitive strategy among companies and nations.  Our research question involves the exploration of  new product development and the push vs pull roles of members of the supply chain.  We will conclude by stressing that the most successful new product innovation arises as a result of the integration of the push and pull approaches.

I.  Introduction


One of the most important drivers of competitiveness for firms, industries, and even for nations is innovation.  The development of new products and processes, particularly those supported by new technologies, has the ability to make or  break the fortunes of firms, industries, and even nations.  Thus, it is important to examine and understand the drivers or antecedents of innovation.  Kamien and Schwartz (1982) examined the questions “does the presence of basic knowledge, also called “technological opportunity”, stimulate inventive activity or is the stimulus the profit potential of innovations that satisfy an existing want?”(p.6)
Integration of the technology-push, demand-pull approaches can lead to substantial innovation since new product development is likely to benefit from the advantages of both technology-push and market-pull forces.  Hence, the integration of the two approaches can lead to greater profits and growth for the innovator (i.e. the inventor) and can ultimately affect industry market structure.  Innovation may provide a means of entering an industry or of increasing  an existing firm’s market power.

In this paper we will present a discussion of the technology-push and market-pull approaches to innovation, and will explore the advantages of an integrated push-pull approach.  Technology-push and market-pull will be defined, and past research in these areas will be discussed and synthesized.  In addition, what we are calling the “Integrated push-pull approach” will be examined.  We will then present a series of models illustrating how push and pull are integrated in the life cycle of a product, through a series of “Five Archetypes”.  These archetypes, based on the product life cycle, the value chain, and the supply chain, will show how the push and pull drivers of innovation can be integrated under different scenarios.  We conclude by discussing various contingencies that would make one or the other archetypes the preferred model for new product innovation given a set of circumstances.
Integrated push-pull: The technology-push/market-pull approaches,  the  integration of push-pull forces occurs, when  product development occurs as a matching process between the means provided by the new technology and the need to address particular performance deficiencies or to capitalize on identified opportunities.  Hence, when researchers within a manufacturing environment innovate to produce new products, taking into consideration what the market needs, or and what the market will demand in the future, then integration will occur between technology-push and market pull.





II.
Past Research

People have viewed technology-push and demand-pull in different ways.  In this section we will discuss the ramifications of technology-push and market-pull, define technology-push and demand-pull and highlight the many aspects that have been discussed in the literature.

Technology-Push

---------------------

Insert Table 1 

---------------------
We begin by exploring the technology-push literature and its findings.  (See  Table 1.)

Technology-push forces stem from a recognition of new technological means for enhancing a product or a process.  In order to understand the benefits derived from technology-push, an appreciation of what  the technology can potentially can deliver is required.  In the context of this paper, technology-push refers to new product innovation and how  a firm’s research staff acts as the primary initiator in this process.  The researchers of new product innovation will direct and influence future demand of a product.

 Lucas(1994),  argues that in technology-driven innovation, technology is the primary driving force in developing a product or service.  A technical idea arises from the integration of external and internal knowledge.  The researcher, however, needs to ensure that this idea is marketable.  The new product innovation design team will also partially determine what will be offered in the marketplace.  In addition, Lucas(1994), stresses that concurrent technology and market strategy can be necessary in the highly competitive environment of firms especially those firms that offer technology-based products.

In the long-term innovation should be driven science and research.  Freeman (1982), argues that in the long-term, a strong scientific base will contribute to economic progress through the process of innovation.  A good example is given by Langrish et al.(1972), where technology-push is credited in indirect ways; they state that manufacturing could not exist without electricity, so it is only through the invention of electricity that innovation could have come about.  The idea that innovation can contribute in more than one way, is also supported by Chidamber and Kon (1994) where they suggest that innovation is driven by science which in turn drives and technology and application; in their paper, Akio Morita, CEO of Sony Corporation says that “markets must be created, not surveyed”.(p.111)

Many times the research method and the level of analysis influences the results.  In the Casey study (1976), the sequence of events was traced, from the basic discovery and conception of a new, revolutionary sweetener to its commercialization.  Casey discovered that the research method and the level of analysis had an impact on the result of the study which looked at data archived over forty years.  Casey stated that demand-pull studies were done in organizational settings, while the technology-push studies tended not to use firm-level data.  Mowery and Rosenberg (1979),  also suggested in their meta-analysis of empirical studies of technology-push and demand-pull, that the effects observed at the firm level may not apply to, or be consistent with, effects observed at the industry or national level. (i.e. they suggested that what might be good for General Motors or IBM, might not occur or be good at the industry or national levels).  

The proponents of technology-push argue that a firm’s research staff is the primary initiator of innovation and this is how successful technical progress can be achieved.  Phillips (1966), claims that advances in basic science are brought to the attention  of the organization by the research staff for possible commercialization.  In this way, the market has relatively minor role in determining the pace and direction of innovation within the firm since the researchers are allowed to drive innovation initiatives.  Raisbeck(1982), also claims that the best way to move forward is to support research and development by having accessible new inventions, discoveries, and scientific ideas which are really responsible for progress.

So, if the technology-push is the primary driver of successful innovations, then organizations need to spend a lot of money on their research and development department.   Chidamber and Kon (1994), argue that “ large firms could still potentially gain first-mover advantages by initiating major innovations and it may be in their best interest to continue investment in basic research based on deep pocket competitive research advantage.”(p.109).  Hence, if companies wish to earn a larger profit margin, they should really make an effort to be the primary innovator, and have the market follow them, instead of the company following the market in new product innovation.

Demand-Pull

----------------------------

Insert Table 2 

---------------------------

 Market-pull forces, in the context of product development can be conceptualized as occurring along the following two cases: 

1) marketing performance deficiencies that stem from manufacturing i.e. a product will only be improved if there is a deficiency present and this makes it difficult for the particular product to be marketable,

2) perceived marketing opportunities that could be explored because of enhancements to the manufacturing process .i.e. if a product will be invented or produced  only if  there is a perceived demand for it in the market.  Hence, the market demand school of thought suggests that organizations innovate based primarily on market needs.

The demand-pull perspective suggests that user demand is the primary factor driving new product development and that markets, users and applications should be the key drivers of innovation.  In the Utterback study (1974), it is stated that in 60% to 80% of the cases studied, market demand was the motivating force in the innovation.  Successful market-pull innovations were able to get to the market in short periods of time.  Also,  Meyers & Marquis (1969), reported that market factors were the primary factor of innovation. In this study, in 75% of the cases involved, innovations were classified as responses to demand recognition and in only 21% of the cases the innovations were classified as  the result of a technical opportunity. In addition, Raisbeck (1982), argues that ideas and concepts can only mature at the time and place where a need for them is perceived, and therefore the best way to move forward is to first generate an understanding of the needs and desires of the user.

When firms innovate, they most likely innovate to maximize profit. Frequently, the most profitable way to do this, is to aim for short-term profit by following market demand.  Schmookler’s studies (1966) on patented inventions across different industries showed that industries which had more patents were more oriented towards the market, supporting his demand-pull hypothesis.  The basic premise of Schmookler’s argument is that firms perceive profit opportunities in the market and innovate in order to exploit those profitable opportunities.  Thus, the market, and not the scientific base, becomes the primary mover of innovation.  Also, Phillips(1966) argues that firms change  innovation partially in response to market signals, supporting a demand-pull, market-oriented motive for innovation.

Many times, the inventors and the technical staff of a firm may be pushed into a direction to find a solution.  However, the technical staff might not be ready yet to generate the technology needed to solve the problem.  In Lucas (1994), it is noted that in market-driven innovation, external market needs force the organization to draw on internal and/or external knowledge to develop a solution to a perceived need.  Once this need is identified , the technical staff works on developing solutions that satisfy the needs of the external market.  The major problem with this model is the confusion it creates for the technical staff who may feel that it is necessary to find a solution for the moving target.  There may also be pressure from marketing so that a basically sound idea is burdened with many compromises.  The greatest risk, of course, is not being able to generate the technology needed to solve the problem.

Integrated  Technology-Push and Market-Pull

-------------------------------

Insert Table 3

--------------------------------

We believe that the most effective method of new product development is the integration of the technology-push and demand-pull drivers.  Other researchers have indicated that when the technology-push and market-pull forces integrate, then  product development occurs as a matching process between the means provided by the new technology and the need to address particular performance deficiencies or to capitalize on identified opportunities.  In this way, researchers in a manufacturing environment will innovate within the technology-push, demand-pull framework to achieve the most efficient new product development.
 Kamien & Schwatz (1982), ask this question:”Does the presence of basic knowledge, also called technological opportunity, stimulate activity or is the stimulus the profit potential of innovations that satisfy an existing want?”(p.6)  In order to answer this complex question Kamien & Schwartz (1982) performed a survey of studies of the innovation process and the factors that promote it .  The authors concluded when the entry barriers are low or high, the incentive for research may be substantially less than at some intermediary level.  Innovation, when performed properly, can lead to greater profits and growth for the innovator and can affect market structure.  Industrial research appears strongest in industries with some entry barrier, causing rapid imitation to be impeded, but it is also strongest where entry itself has not been effectively foreclosed.

 If a company decides to integrate both approaches simultaneously, then:

(i)  the benefits of the latest manufacturing technology (technology-push) will be available, and

(ii) the company will be able to  solve a particular market performance gap that stems from the manufacturing process (need-pull).
An integration of the technology-push, demand-pull approaches can lead to substantial innovation  since new product development is likely to benefit from the advantages of technology-push and market-pull forces we have already mentioned. Hence, the integration of the two approaches can lead to greater profits and growth for the innovator (i.e. the inventor) and can ultimately affect industry market structure.   Innovation may provide a means of entering an industry or of increasing an existing firm's market power.

Many proponents of  the integrated technology-push, market-pull model argue that these two drivers need to be considered simultaneously for new product development and innovation to be successful.  Kanter (1985) suggests that marketing and technology should be considered together in new ventures.  In addition, Noori (1990) [I need to find the right citation here], discusses the integration of market driven and technology driven forces and argues that the chances of success are greater if technical and market factors are considered together.

In order for a firm to survive it needs to both research and address market needs simultaneously, .i.e. the firm needs to innovate in order to contend with future demand, and also needs to address market needs to keep the existing operations running.  This issue was examined in Jayanthi & Sinha (1997), where it is noted that innovations related to the current demands of the market place are exploitative activities (demand-pull), that include modification and refinement  of existing products, equipment, process technologies and operational practices, aimed at high volume, reliable and replicable production.  The purpose of such innovations is to ensure the survival and prosperity of a firm in the present.  Innovations related to future demands of the market place are exploratory activities(technology-push) that include experimentation with new process technology and equipment designs, or experimentation with new product designs, or both.   The key insight associated with framing innovation implementation in high technology manufacturing as a problem of balancing between exploitation(demand-pull) and exploration(technology-push is that it is possible to simultaneously engage in exploitative and exploratory activities.i.e. integration of the technology-push and demand-pull drivers, and to find the optimal balance between them.

We suggest in the next part of our paper that integrated product innovation reduces the distinction between technology-push and market-pull, and consequently integrates the push and pull drivers of innovation.  We conclude by stressing that the most successful new product innovations arise as a result of the push and pull approaches.

5 proposed models of the Push and Pull driving forces of New Product Development.


We propose five models of new product development that occur as a result of the technology-push and demand-pull drivers.  In this section we will examine a variety of archetypes, ranging from archetype A - the perfect market-pull situation to archetype B - the perfect technology-push situation. Between these two extremes (i.e. perfect market-pull and perfect technology-push), we have archetype B (platform derivative), archetype C (postponement A), and archetype D (Postponement B).  
--------------------------

Insert Table 4

----------------------------

----------------------------

Insert Table 5

-----------------------------

Arrow Legends:    


Push



  


Pull


Five Archetypes
Archetype A-Existing Product (Market-Pull)
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In Archetype A, we have the perfect market-pull situation. The customer demands an existing product from the distributor and this causes the manufacturer to  produce in large quantities to meet current demand.  For example, muffins existed in the market for a long time, but customers demanded something healthy, so fat-free muffins were developed.

Archetype B-Platform Derivative
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 In Archetype B, the technology is developed ahead of time (i.e. the new product has been developed), the design stage is complete and the producer is waiting for the demand-pull to set in, so manufacturing and distributing can begin.  In this case, the push and pull activities are not necessarily performed internally.  For example, Boeing develops a new platform such as new variety of customer and cargo aircraft, and the customer (i.e. a commercial airline), will choose which aircraft would like to purchase.  

Archetype C-Existing (Postponement A)
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In Archetype C, the new product has been developed, inventory has been produced and it is distributed to the customer as demand occurs.  This is the traditional Just-In-Time (JIT) model, i.e. inventory is produced and distributed according to demand.  For example, different patterns and designs of  Cornwell dishes  are developed and the manufacturer waits to see which pattern sells more before the produce in large quantities.

Archetype D-Exisitng (Postponement B)
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In Archetype D, the product has already been developed and manufactured.  However this is the customized type of product where the customer will choose the final look and function of the product.  For example, HP printers are sold worlwide, but due to language and other differences, the printers send to each country are slightly customized to meet the needs of the clientele in a particular region.

Archetype E-Technology-Push
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In Archetype E, we have the perfect technology-push situation.  Here the researchers/inventors of an organization have no restrictions on what they design and produce.  The product is designed and produced internally and pushed to the market.  For example, voice recognition software was not demanded but it became popular once it was developed.

Conclusion

?????????????

Technology-Push
Author
study type
Level of analysis 
Conclusion

Casey (1976)
Case study
Firm
The research method and level of analysis influence the results.

Chidamber & Kon (1994)
Case studies
Industry
Innovation is driven by science.

Change in technology is the primary driver of innovation.

Freeman (1982)
Analytical
Industry
In the long term, a strong scientific base contributes to economic progress through the process of innovation.

Gilpin (1975)
Empirical
Industry
There are many studies of the innovation process that rarely refer to narrowly defined market demand as the crucial motivation.

Langrish (1972)
Empirical
Industry
Inventions arise from innovation.  One invention leads to another.

Lucas (1994)
Case study
Firm
Internal and external knowledge influence innovation.  The technology enables researchers to achieve product vision.

Mowery & Rosenberg (1979)
Empirical Study/Meta-Analysis
Industry
The effects observed at the firm level may not apply to, or be consistent with, effects observed at the industry or national level. (what is good for General Motors may not be good for the USA or even the automobile industry)

Phillips, L.(1966)
Empirical
Firm
The firm’s research staff is the primary initiator of innovation.  This is valid for innovation based studies of patents, competition, and technical progress.

Raisbeck, G.(1982)
Analytical
Firm
An idea must be conceived before it can be the subject of exploratory development. Ideas and knowledge are the basis for exploratory development, whose goal is to discover useful properties of new technology and combinations of new and old.

Table 1
Market-Pull

Author
study type
Level of analysis 
Conclusion

Casey (1976)
Case study
Firm
In  studies performed at organizational settings (firm level data), there is a preponderance of demand-pull findings. 

Langrish (1972)
Empirical 
Industry
It is through effective marketing and R&D interaction that project success is likely to come.  Project success is a meeting point of a technical need.

Lucas (1994)
Case study
Firm
In a start-up company, success is dependent upon technology which needs to consider the concurrent development of marketing and technology strategy.  Market needs drive the technology.  The needs of the marketplace influence the outcome of certain technological decisions.

Meyers & Marquis (1969)
Empirical
Industry
In this study 75% of innovations are responses to demand recognition.  R&D laboratories should pay attention to needs for innovation in addition to maintaining technical competencies.

Raisbeck, G.(1982)
Analytical
Firm
A product will be purchased, deployed or used, if its performance and usefulness are in accord with the expectations of the user.

Schmookler, J. (1966)
Empirical
Industry
Industries which had more patents were more oriented toward the market.  Firms perceive profit opportunities in the market and innovate in order to maximize profit.  All innovations in the economy are demand-driven.

Utterback, J. (1974)
Empirical
Firm
60%-80% of important innovations in a large number of fields have been in response to market demand and needs.  Firms innovate where there is a fairly clear, short-term potential for profit.  Application of technology is usually stimulated by a need or a market, so one should not expect the availability of patents or technical information to result in applicaton.

Table 2
Integration of Technology-Push, Market-Pull
Author
study type
Level of analysis
Conclusion

Chidamber & Kon (1994)
Case studies
Industry
The majority of commercially successful innovations are market-dependent or immediately inspired by market information, but this does not show that they were not founded upon some existing scientific base of knowledge.  Technology-push innovations are fewer in number, but they may fuel a larger number of incremental innovations.

Jayanthi & Sinha (1997)
Case study
Firm
The key insight associated with framing innovation implementation in high technology manufacturing as a problem of balancing between exploitation and exploration, is that it is possible to simultaneously engage in exploitative and exploratory activities.

Kamier & Schwartz (1982)
Meta-Analysis
Industry
When entry barriers are low or high, the incentive for research may be substantially less than at some intermediate level.  Innovation can lead to greater profits and growth for the innovator and can affect market structure.  Industrial research effort appears strongest in industries with some entry barrier, causing rapid imitation to be impeded, but it is also strongest where entry itself has not been effectively foreclosed.

Munro and Noori (1988)
Meta-Analysiss
Firm
Both the technology-push and integrative perspectives yielded more commitment to technology adoption than did one approach alone.  Commitment to technological innovation would be greater when the decision was based on an integration of the push-pull forces (i.e. automated technology provided the means, (push) to address particular performance gaps(need)).  The capabilities of the manufacturing technology offers the means to alleviate market performance deficiencies (integration of push-pull forces).
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