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The goal of discontinuous innovation is to disrupt existing market equilibriums and create 

new combinations of consumers, producers, and markets, but it is yet to be understood from an 

aggregate product design and supply chain system.  Without an aggregate system representation 

of the innovation continuum (market equilibrium, incremental and discontinuous innovation) for 

elements of product design and supply chain fulfillment, it will be more difficult for firms to 

develop an innovation strategy as result.  Presently, there is no structural component for the 

definition of innovation for an integrated product design and supply chain fulfillment system to 

assist in this problem. 

Through the use of theoretical constructs from various disciplines and new concepts, a 

conceptual framework is established that introduces the concept of generative customization as a 

solution to the research problem, as noted above.  The author established an innovation 

continuum of which generative customization enables within a Complex Adaptive System (CAS) 

environment.  In this model, the role of the consumer and producer are defined within a 

principal-agent relationship, and interact in an emergent, dynamic manner.  Lastly, the product 

design process occurs through a generative design process where the consumer is virtually 

involved, and a human cognition-generative design product design process is established. 
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CHAPTER 1 – BACKGROUND, PROBLEM DISCUSSION, AND JUSTIFICATION 

 CONCEPTUALIZATION AND FULFILLMENT OF DISCONTINUOUS INNOVATION 

 

 

1.1 INTRODUCTION 

In the early stages of the development of a theory of innovation, Rogers (1962) defined it as “an 

idea, practice, or object that is perceived as new by an individual or other unit of adoption”.  While 

incremental innovation is often responsible for defining standards within firms and industries (Garcia 

and Calantone, 2002), discontinuous innovation disrupts existing consumer-market relationships 

through the creation of new combinations of consumers, producers, markets, and business 

environments.  Utterback (1995) defined discontinuous innovation “as a change that sweeps away much 

of a firm’s existing investment, skills, knowledge, designs, and techniques”.  Schumpeter (1934) alluded 

to this, identifying these new “combinations” as an engine of economic growth, through the disruption 

of market equilibriums, that can be triggered by shifts in technology, economies or even politics 

(Birkinshaw et al, 2007).  In this definition, Schumpeter (1934) noted that “development is then defined 

by the carrying out the new combination”, separate from an existing state.  However economic agents 

and actors (consumers and producers) are frequently content in a state of equilibrium, which makes the 

creation and adoption of discontinuous innovation a socioeconomic challenge, often leading to 

resistance.  In an attempt to quantify the difficulties associated with discontinuous innovation, Stevens 

and Burley (1997) found that it generally takes 3,000 raw ideas to create one successful product, with 

46% of all corporate resources in a product development department in U.S. firms involved in products 

that are not successful (See Figure 1).  Therefore, most firms avoid radical change altogether, with 

approximately 10% of new product innovation efforts being classified as discontinuous versus 

incremental or routine (Griffin, 1997).   
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Figure 1 – 3,000 Raw Ideas for 1 Successful Product (Stevens and Burley, 1997) 

Even though the rewards associated with discontinuous innovation can lead to market dominance 

for years (e.g., P&G and disposable diapers), many firms consider the risks to outweigh the benefits.  

First, dominant firms with existing market positions can be averse to discontinuous innovation out of an 

often unintended myopic definition of being customer centric, since consumers in a state of equilibrium 

are generally satisfied.  An irony to this problem is while market researchers are intent on being 

customer focused in existing markets, consumers are often unclear of what they want, 

unknowledgeable of their needs, and inconsistent or irrational communicating and deciding what they 

want (e.g., Bettman, et al, 1998; Huffman and Kahn, 1998; Yoon and Simonson, 2008), becoming fickle 

as a result, which can create a principal-agency problem.  Extant research has yet to establish an active 

role for the consumer in a discontinuous innovation process. 

Second, in this market equilibrium environment, existing firms are often more comfortable 

confirming market segmentations to what they perceive a consumer to require rather than in trying to 

establish new consumers, markets, and environments, which is a requirement in a discontinuous 

innovation process.  A firm’s R&D department may invent a new product, but that does not mean that a 

consumer will consider it an innovation, as Schumpeter noted.  Third, firms are leery of an incubatory 

period for discontinuous innovation that can frequently be defined over a significant number of years, 

through a large capital investment.  Wolpert (2002) estimated an average of 8 years before a firm can 

break even on innovation projects, not including the R&D phase of the project.  Finally, firms are 
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concerned with the challenge of trying to fit a discontinuous innovation concept within an existing 

supply chain fulfillment system, including the role of the principal (consumer) and producing agents 

defined within market equilibrium.  As a result of these risks to the principals, agents, and the market 

environment, a significant number of discontinuous innovations do not originate from industry leaders 

(Bessant, 2008), even though the invention of the product often does (Christiansen, 1997), with an 

advantage often going to the firms that seek a fast followship approach to innovation (Markides and 

Geroski, 2005) as opposed to being the initial inventor.  

The possibility of balancing a market equilibrium and disruptive technology environment was first 

addressed by Schumpeter (1954), and later addressed by Christiansen (1997) as an innovators dilemma, 

seeking to find the trade-off of keeping one’s eye on the ball of a current state market equilibrium, 

defined routinely by consumers and suppliers, while also listening intently to the weak signals which 

often come out of left field (Bessant, 2008).  Rogers (1962) diffusion of innovation theory provides an 

illustration (as shown in Figure 2) of the existing state of how firms can strategize being involved as the 

innovator, fast follower, or laggard in relation to retaining existing or gaining new market share.   

 

Figure 2 – Trade-off between Discontinuous and Normal Cycles (from Rogers, 1962) 
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Beyond a conceptual discussion, there does not appear to be research support that establishes a 

contiguous system environment for existing markets (market equilibrium and incremental innovation) 

and discontinuous ones.  Christensen’s (1997) original research found that discontinuous innovation 

requires a different operating environment from that required by the state of market equilibrium, 

exacerbating this innovators dilemma, and as a result, an exploratory sub-unit separated from 

mainstream resources.  Tushman and O’Reilly (1996) identified the term ambidexterity as the 

simultaneous achievement of radical and incremental innovation through the separation of the units of 

the firm, a similar concept.  Certainly, an incubatory approach of discontinuous innovation may prevent 

the front-end process from being “held captive by their customers” (Danneels, 2004), but the concept of 

parallel systems (one for market equilibrium and one for discontinuous innovation) has the potential of 

solving for one problem, while creating another (in supply chain fulfillment).   

There are no such examples from supply chain literature of a wholly functional and separate product 

design and fulfillment system for discontinuous innovation apart from a mainstream system for existing 

products.  In the diverse study of innovation across various fields, Garcia and Cantalone (2002) noted 

differences in these environments, which they found to contribute to a lack of integration.  Therefore 

the definition of a discontinuous innovation must not only address the design of the product, but the 

fulfillment of it as well, across an existing supply chain system. 

A static (market equilibrium), incremental and disrupted (disconnected, discontinuous innovation) 

state must be represented and factored into the research of the appropriate product design 

conceptualization and supply chain fulfillment system.  Therefore, the overall purpose of this thesis is to 

develop an integrated, end to end product design and supply chain system for discontinuous innovation, 

associated with the other elements of a market equilibrium and incremental change.   
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1.2 PROBLEM STATEMENT 

 Given these issues found in research regarding the lack of a product design and fulfillment 

system that corresponds to all market environments (equilibrium, incremental, and discontinuous), the 

overall problem statement for this thesis is as follows: 

 

 

 

 

After conducting an extensive multi-disciplinary literature review across the fields of marketing, 

operations, supply chain, information technology, innovation, product design, and system theory, 

the following five research questions have been chosen to address the overall problem statement: 

1. How should a business ecosystem for product design and supply chain fulfillment system be 

classified to achieve the necessary requirements for discontinuous innovation? 

2. What is the role of the consumer in a discontinuous innovation process – are they willing and 

able to participate actively from beginning to end, and if so, how?  Is it even viable for 

consumers to be actively involved, or is it preferable for them to be a passive principal in the 

process (as primarily exists today)? 

3. Can a system be defined effectively integrating all elements of the supply chain system, from 

product conceptualization to fulfillment to achieve discontinuous innovation?  If so, what is 

the role of design in this process?   How is the back-end stage of fulfillment linked to the 

front-end element of product design conceptualization?  Is it even optimal and viable to do 

so? 

4. What is the role of information technology to support product design and supply chain 

fulfillment integration in support of discontinuous innovation? 

What is the definition of a product design and supply chain fulfillment system 

(conceptualization to fulfillment) that enables discontinuous innovation in an 

integrated business ecosystem? 
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5. How is the design methodology defined to illustrate the dynamic required between human 

cognition and computing technology in the technique in developing discontinuous 

innovation? 

The main body of the thesis consists of five published and submitted articles, plus two 

supplemental papers, as summarized in the Appendix. The first article addresses the issue posed by 

Research Question #1 to establish a business ecosystem for the product design and supply chain 

fulfillment system of discontinuous innovation.  Next, Article 2 focuses on the role of the consumer 

(principal) relative to the agents of the system and the business ecosystem.  The goal of the third article 

is to establish an end to end product design conceptualization and supply chain fulfillment system for 

discontinuous innovation that acts as a complement, not an alternative to a conventional product design 

and supply chain system; the fifth article provides a case study example that justifies generative 

customization to support this conceptual design.  The fourth article (and supported by a supplemental 

article in the Appendix) provides conclusions related to the fourth and fifth research questions. The next 

section provides a background to the thesis. 

 

1.3 THESIS BACKGROUND 

From a review of the literature, it is found that an end to end system for product design 

conceptualization and supply chain fulfillment for discontinuous innovation does not presently exist, in 

research or practice.  Therefore, to establish a foundation for the research of this thesis, this section will 

provide the fundamental background, concepts and literature addressed in the system design of the 

thesis.  
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1.3.1 INCREMENTAL INNOVATION AND DISCONTINUOUS INNOVATION 

Researchers have studied the process of innovation and its impact on economic growth, 

identifying the dynamic changes required to market equilibrium that leads to innovation.  As this 

research progressed, the role of design became a critical factor in innovation research (Freeman, 

1982) to understand the front-end of this process.  Figure 3 provides a representation of design, 

defined by smaller design steps comprising of 90% of changes versus 10% to larger design steps.  In 

their findings, Rothwell and Gardiner (1988) found the necessity of establishing a connection 

between discontinuous and incremental innovation, each playing a role in the design process.  

However, in this connection, the authors address the issue of a lack of “perfect knowledge” existing 

in a principal-agent relationship (Eisenhardt, 1989), therefore, leading to a compromise in design 

rather than an optimum approach “to better cope with the uncertainty in the marketplace”.   

Figure 3 – Levels of Technical Change (from Rothwell and Gardiner, 1988) 

 10%        LARGER DESIGN STEPS 

        Landmark Innovations 

        Radical Innovations 

        Major Innovations 

 

90%        SMALLER DESIGN STEPS 

        Incremental Innovations 

        Generational Innovations 

        New Mark Innovations 

        Improvement Innovations 

        Minor Detail Innovations 
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The development of an innovation continuum (a progression of innovation from incremental to 

discontinuous in an integrated market environment) has yet to be clearly defined in research as a 

system.  Coombs et al (1987) identified the dominant innovation process to be a linear approach 

model for incremental innovation, as is illustrated by Cooper’s (1986) Stage Gate approach, 

illustrated in Figure 4.  This approach follows a pre-determined sequence, typically starting in R&D, 

and ending in the fulfillment of the product to the consumer.  On the other end of the continuum is 

a conceptual non-linear model of innovation, as is identified in Rothwell’s (1994) Fifth Generation of 

Innovation.  In this highest generation of innovation, there is systems integration, fuzzy, flexible and 

customized responses, continuous innovation, and a complex, adaptive environment; at this point, it 

only remains a concept.   

Figure 4 – Stage Gate Approach to Product Development 

 

Even in design methodologies appearing to address discontinuous innovation as a standalone 

system, such as Rothwell’s (1994) Fifth Generation of Innovation, the focus is primarily on the front-

end conceptualization of product design, rather than the entire supply chain system process through 

fulfillment.  Upon a review of the extant literature, there does not appear to be an innovation 

processes level that includes both the front-end and the back-end of the process, as an integrated 

innovation process.  As noted in the Appendix, Buffington (under review) provides a conceptual 

definition of innovation as a continuum between incremental and discontinuous innovation, as is 
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shown below in Figures 5 and 6.  Discontinuous innovation is defined as “D-NL-O”, providing the 

conceptual framework that ties to an overall supply chain system. 
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1.3.2 GENERAL SYSTEMS THEORY (ENVIRONMENT) 

von Bertalanffy (1968) established a general theory of systems in research as a “regulative device in 

science” to prevent superficialities in research.  Systems theory asserts that all phenomena can be 

viewed as a web of relationships among its elements with common patterns, if understood, can be used 

to understand complex events or elements.  Prater (2005) noted that many natural and artificial systems 

are increasingly being characterized possessing complex behaviors that arise as a result of non-linear 

interactions among a large number of components or subsystems.  In contrast to a complex adaptive 

system, a complicated clockwork system reflects a machine-based engineering model of organizations, 

consistent with an empirical scientific approach (Lengnick-Hall et al, 2004).  In a clockwork system, there 

are clear boundaries between a firm and its environment; Kiel (1994) noted that linear systems have a 

relationship between cause and effect that is smooth and proportionate.  A Complex Adaptive System 

(CAS) is defined as a dynamic network of many agents (which may represent cells, species, individuals, 

firms, nations) acting in parallel, constantly acting and reacting to what the other agents are doing, in a 

highly dispersed and decentralized environment (Waldrop, 1994).  In a CAS system, there are no clear 

boundaries in design representation because the principal influences the agent, the agent influences the 

principal, and both are influenced and influence its environment.  In the development of an end to end 

system for discontinuous innovation, how the boundaries are established between the principal and 

agent, and the environment is critical to understand and to define.  Therefore, it is believed that the 

understanding and potential use of a CAS system will be critical in the definition of discontinuous 

innovation to ensure integrity from the product design to supply chain fulfillment end to end process. 

1.3.3 PRINCIPAL-AGENT RELATIONSHIP (CONSUMERS AND PRODUCERS) 

The principal-agent theory defines a relationship between the consumer and producer (and its 

supply chain network) through the principal (consumer) delegating the work of production to the agent 
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(Eisenhardt, 1989).  Agency problems exist primarily due to the state of the market being one of 

imperfect competition and knowledge.  Smith (1956) established the use of product differentiation and 

market segmentation due to the imperfect competition of this agency relationship, and Eisenhardt 

(1989) addressed the problems of asymmetric information in the agency problem.  Figure 7 illustrates 

the evolution of marketing and consumer segmentation that demonstrates the shift of market power 

from the agent to the principal (Holbrook and Hulbert, 2002) as it has evolved in the 20th and 21st 

centuries. 

 

Source: Holbrook and Hulbert (2002) 

In a model of imperfect competition and information, an agency problem will exist, by definition, 

between the agents and its principals.  As is illustrated in Figure 8, both entities are acting in their own 

self-interest in a model of asymmetric or imperfect information, even when they set out to be 

cooperative.  When the market power was in favor of the producer over the consumer, as is shown 
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initially in Figure 7, the agency problem adversely impacted the consumer as a result of the relative 

scarce nature of product suppliers.  Consumers were passively involved, at best, in the product design 

and fulfillment process.  However, as the market power shifted in favor of the principal in this 

relationship, the dynamics of the relationship shifted as well, relative to consumer requirements in a 

product design to supply chain fulfillment process.  In Holbrook and Hulbert’s (2002) model, the relative 

abundance of suppliers capable of producing shifted the development of products to a micro-marketing 

mode, perhaps to the ultimate form of customer involvement being a one to one marketing approach of 

personalization.   

Figure 8 – Principal-Agent Problem (modified from Eisenhart, 1989) 

 

As will be discussed in Section 1.3.6, Eisenhardt (1989) found the use of information technology (IT) 

as a mitigator of this agency problem through the improvement of the information gap between the 

principal and agent.  However, there is unclear empirical evidence to conclude how the impact of 

consumer involvement in the conceptualization and fulfillment process (Section 1.3.5) impacts this 

agency problem driven by imperfect competition and information.  The use of the principal-agent theory 

will be important to understand relative to the relationship between the consumer and its suppliers in 

the enablement of discontinuous innovation. 
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1.3.4 GENERAL PRODUCTION SYSTEM CONTINUUM 

Figure 9 represents a conventional new product development process, as illustrated by Lynn et al 

(1996).  This conventional model has the following attributes: first, it follows a formal Stage Gate 

approach, as established by Cooper (1986), shown in Figure 4, a linear problem solving approach that 

must follow a rigid, sequential manner.  Two, this approach uses a reductionist approach, where 

subjective parameters are interpreted in objective terms, or eliminated altogether (Paulson, 1999).  

Third, as a result of the mathematical model being used, this approach follows a deterministic approach, 

which often leads to very predictable outcomes as a result. 

Figure 9 – Conventional New Product Development Process (from Lynn et. al., 1996) 

In contrast to the definition of this conventional model of new product development is the opposite: 

a non-linear, holistic, and chaotic model, as is defined in the work of complex adaptive systems (Holland, 

1992).  A non-linear system representation is classified by many to be a more accurate representation of 

a physical or social system, but is also more difficult to empirically solve.  As such, nonlinearity is defined 

as a system that cannot be mathematically described as a sum of its components (VLAB, 2007).  Figure 9 
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illustrates a representation of a typical new product development process, which is represented in 

linear, finite, deterministic terms.  In this definition of a simple system, there is no fluctuation allowed 

between states, and as a result, all changes in the system occur linearly (Rogers et al, 2005).   A complex 

system, in contrast, establishes that a full system cannot be defined by the sum of its parts, and these 

multiple agents are interacting in fluctuating and combinatory ways, that is difficult to predict or 

simplify.  Lastly, a system with attributes supporting chaos theory is dynamic in nature, and enables the 

agents involved to interact with one another to build solutions upon these relationships, rather than 

being static and possessing only system level characteristics.   

Therefore, before the people (principal-agent), processes (relationships), and technologies (IT) can 

be defined for discontinuous innovation, a system environment must be defined as a prerequisite.  

Given that it is assumed that a definition of the business environment cannot be bifurcated into two 

separate realities, as Christiansen and Raynor (2003) later discovered, the current and future business 

environment must be defined and represented as a single, contiguous entity, without possessing an 

exploratory sub-unit, as was originally proposed in Christiansen’s (1997) research. 

As the market shifted from supplier power to customer power, as is shown in Figure 7, marketers 

hypothecated the concept of mass customization, or one to one marketing, through conceptual 

discussions (Toffler, 1980; Davis, 1987) classified as futurist writings.  Afterwards, Pine’s (1992) work laid 

out the practical underpinnings to transform mass customization from a cost-based mass production 

(MP) strategy to a cost + customization based mass customization (MC) strategy.  Pine (1993) noted that 

mass production had become outmoded and was no longer effective; Table 1 provides a comparison of 

this perceived outmoded system of production and mass customization as the new frontier.   
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Table 1 – Mass Production versus Mass Customization (Pine, 1993) 

Mass Production Mass Customization 

Stable demand Fragmented demand 

Large homogenous markets Heterogeneous niches 

Low-cost, consistent quality Low-cost, high quality 

Standardized goods and services Customized goods and services 

Long product development cycles Short product development cycles 

 

Despite such perceived breakthroughs toward a one to one marketing concept of mass 

customization, classified as the ultimate in customer centric design, mass customization research has 

provided mixed results relative to the concept of the customer as a co-producer in the process of 

product innovation.  While product development studies have found customer involvement as effective 

in the “rational plan stream” (Brown and Eisenhardt, 1995), the research has been inconclusive or even 

pessimistic regarding the effectiveness of the consumer in a discontinuous innovation process.  

Utterback (1995) noted that “ideas such as lean manufacturing and mass customization may be thought 

of as a way to build core competence and to be highly successful in differentiating well-known products.  

But these concepts may lead to a dead end when radical change is in the wind.”  Christiansen and 

Raynor (2003) also noted that the customer may not understand the innovation process, which can 

restrict involvement opportunities in a discontinuous innovation process.   

1.3.5 CONSUMER INVOLVEMENT IN THE PRODUCT DESIGN AND FULFILLMENT PROCESS 

The next discussion is related to the role of the principal in this agency relationship; what role is the 

consumer willing and able to participate in, from beginning to end, in a product design conceptualization 

and supply chain fulfillment discontinuous innovation process?  If the product design process has been 

supplier focused via a mass production system using marketing and consumer segmentation, and market 
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power has shifted to the consumer (via Holbrook and Hulbert, 2002), are consumers ready for this 

marketing post modernist concept, and can this model support a discontinuous innovation process?  

Furthermore, does the involvement of the consumer in the production process improve the agency 

relationship or worsen it? 

In general, the active role of the consumer in a production process (by definition an incremental 

innovation process) has shown a lack of a definitive explanation (Kumar et al, 2007).  Mass 

customization is typically defined as the consumer being actively involved, but the term itself (mass 

customization) has contributed to the definition and measurement problem, with the truest definition 

of the term being the design and fulfillment of customized goods on a mass basis, which has not been 

frequently achieved.  Salvador et al (2009) found that defining mass customization in terms of required 

capabilities would be a fundamental step toward the construction of a general theory, and an 

unquestionably useful achievement in practice.  Frutos and Borenstein (2003) state that current efforts 

toward mass customization have highlighted its benefits while neglecting the means of achieving them.  

Da Salveira et al (2001) concluded that mass customization research is being drawn from a limited 

number of case examples or based on educated guesses from authors rather than from hard evidence 

obtained through exhaustive research.   

At present, there does not appear to be a clear understanding of the achievement of incremental 

innovation success via the involvement of the consumer (mass customization) from extant research, and 

a lack of research evidence altogether regarding consumer involvement in a discontinuous innovation 

process.  Bardacki and Whitelock (2003), among others, have noted that there is no systematic empirical 

evidence to suggest that consumers are ready for a mass customization approach. 

1.3.6 THE ROLE OF INFORMATION TECHNOLOGY IN PRODUCT DESIGN AND SUPPLY CHAIN SYSTEMS 
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There is no denying the importance of information technology (IT) within a supply chain system, as 

well as justification of its critical role in a mitigation of the agent problem between principals and agents 

(Eisenhardt, 1989).  However, there are questions within the existing literature regarding its 

effectiveness in practice.  Akkermans et al (2003) found that dynamic supply chain solutions must be 

temporary in design, and nimble through IT, yet companies are literally drowning in the sheer volume of 

data (Malhotra, 2000), and this is harming decision making (Kaipa, 2009).  Certainly, technology design 

and solutions in a supply chain should be aligned with the nature of the process, the use of technology, 

and the nature of the business technology (Kaipa, 2009), but this is not always the case today.  Forget et 

al (2009) noted that traditional centralized planning IT systems were useful in the past, but now require 

more dynamic system environments that all agents in the supply chain may not be capable or ready to 

participate in.  Akkermans et al (2003) found these standalone planning systems as excelling in 

collaboration within the firm, but lacking outside of it.   

Collaboration related research has focused not only on its impact within intra-firm relationships, but 

inter-firm dynamics in a supply chain system as well.  To this point, Blecker and Friedrich (2007) found 

that collaboration must occur throughout the entire supply chain process, and must be enabled by IT.  

Yet for many large companies, the term collaboration and integration have been unintentionally 

convoluted to be inferred almost as the same concept, even though the term integration has a much 

different meaning in an open system environment.  Akkermans et al (2003) found that the advantage of 

a fully integrated enterprise resource planning (ERP) system may become a strategic disadvantage in the 

new business environment of modularity and open/flexible systems.  With so many companies 

considering ERP tools to be the backbone of supply chain management (Koh et al, 2006), and with these 

tools primarily focused on intra-firm integration rather than inter-firm collaboration, various research 

studies (Hendricks, 2007; Moon and Phatak, 2005, Hsu and Chen, 2004) have identified the limitations of 

the utilization of ERP systems in solving for external supply chain issues.  Su and Yang (2010) noted that 
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there is a clear risk of ERP actually limiting progress in supply chain management, Botta-Genoulaz et al 

(2005) found ERP systems to present a positive contribution to only four out of 12 critical issues, and 

Koh and Saad (2002) stated that ERP systems do not provide any material optimization capabilities while 

46% of users believe ERP systems to be a requirement for the future. 

With existing IT tools for supply chain possessing rigid processes (Koh et al, 2006), and often 

requiring a firm to make substantive changes to organizational business processes, routines, and roles 

(Karimi et al, 2007), there is a great need for IT to support a more dynamic, flexible and adaptive 

business environment. Prater (2005) addressed the differences between deterministic and non-

deterministic design, and the importance of future systems accounting more for the latter.  

Samaranayake and Toncich (2007) found an opportunity through enhanced algorithms for an integrated 

approach to planning and control of production systems, and Zhang et al (2006) developed an agent-

based approach to the development of a manufacturing system.  Lengnick Hall et al (2004) concluded 

that ERP systems in the future must have the potential for more co-evolutionary, complex adaptive 

interactions even if its approach through reductionism may be problematic in the present state.  Axelrod 

(1997) described agent based modeling (ABM) as the third way of doing science in contrast to the 

conventional approaches of deduction and induction.   

 Eisenhardt (1989) established a proposition finding that “information systems are positively 

related to behavior-based contracts and negatively related to outcome-based contracts”, finding that an 

investment in IT can assist in a mitigation of the agency problem.  With respect to elements of 

discontinuous innovation development, such as product design conceptualization, as is shown in Figure 

8, there is progress being made toward the use of IT in the solution, but there is not sufficient evidence 

in research that finds its usefulness in a system of supply chain fulfillment, and the integration of the 

two elements within one system.   



24 
 

1.3.7 INNOVATION AND PRODUCT DESIGN 

Ever since the concept of coordinating design within an innovation process was uncovered 

(Freeman, 1982), firms are increasingly investing more in design and involving design firms in their 

innovation processes (Nussbaum, 2004), however in most of these models, firms opt for a closed 

innovation model, assuming that successful innovation requires control (Harryson, 2008).  Chesbrough’s 

(2003) model of open innovation states that firms should use external knowledge and technology to 

strengthen their innovations, which appears to fit well with greater involvement of consumers and other 

stakeholders outside a conventional design system structure.  Despite these possibilities through the 

openness of a one-to-one marketing involvement model, the fuzziness of the front-end process is 

particularly challenging, and may dissuade firms from more innovation as a result.  This creates an 

innovation paradox: how can innovation be created through the one-to-one involvement of the 

consumer using a method that enables product fulfillment within the tolerance levels of efficiency that 

consumers expect from the mass markets? 

Verganti (2005) noted that a definition of design must be broader than currently exists in practice 

today, to coordinate all factors contributing to a product such as its consumption, production, and 

distribution.  As well, a definition of the term design is often confused with that of product development, 

market research, creativity, and even branding.  Design must be considered as a broader definition of 

the term to include the conceptualization of the product and its fulfillment.  As a result, a design process 

can be rather effective if it becomes very fluid, rather than rigid and closed (Love, 2000).  Therefore, this 

creates another dilemma in the research of product design (conceptualization and fulfillment) for 

discontinuous innovation: for it to be successful, it must become an open, fluid process, but it must also 

possess rigorous and empirical techniques to enable consistency and efficiency levels required by the 

consumer as well. 
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Theoretically, the goal is to balance the need for creativity and fluidity, and the necessity of rigor 

that will be required for an integrated supply chain system for discontinuous innovation.  From Research 

Question #1, the objective is to define the business ecosystem to be represented for this system.  

Research Questions #2, #3, and #4 will further clarify the principal-agent relationships, and the 

integration between the actors, and the use of an IT tool to ensure that integration exists in practice.  

Therefore, Research Question #5 must determine the proper dynamic technique between computers 

and humans in order to achieve this purpose of the balance between creativity/fluidity and 

rigor/process. 

While there are various possibilities to consider in achieving this balance, today's definition of design 

is dominated by human cognition and creativity as a primary factor (e.g., the auteur design process of 

Apple).  In an incremental or routine approach to innovation, design techniques can be handled via 

knowable selection environments, as opposed to open ended environments that must be required for 

discontinuous innovation.  Therefore, the limitations of using conventional linear programming 

techniques are the restrictions placed through a solution that only seeks to maximize or minimize a 

linear relationship between known inputs, and arrive at solutions proportionate to the inputs, which 

rarely is the case in real life.  Based upon the results of Research Questions 1-4, the proper use of human 

cognition and computer algorithm techniques will be determined to support the discontinuous 

innovation process. 

Chapter 1 concludes with the introductions of each of the chapters that make up the 

remainder of the thesis. 
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1.4 INTRODUCING THE RELATED RESEARCH FOR THIS THESIS 

Article 1: Designing 21st Century Supply Chains using Complex Adaptive System (CAS) Strategies.  (Fully 

stated in Chapter 2) 

Buffington, J. (2010).  Designing 21st Century Supply Chains using Complex Adaptive Systems (CAS), 

Distribution Business Management Journal, May, pp10-14. 

Specific Research Question: 

� How should systems theory be applied in the current and future business environment for supply 

chains? 

The dominant representation of a supply chain system in research and practice is a clockwork 

system that represents the principal-agent relationship and its environment as linear, static, 

reductionist, and deterministic.  The study of systems theory has largely been absent in supply chain 

research, which has contributed to this definition as a result of a lack of a clear, definition alternative to 

a clockwork system.  A system must encompass people, process, and technology elements in an 

environment, and a clockwork system definition primarily focuses a system discussion on the technology 

element alone.  In a solution for the broader context of the general research problem of this thesis, it is 

assumed that an introduction of systems theory to determine a business ecosystem will be useful, and a 

critical element of the design. 

The focus of this paper is to provide both a research review and managerial implications regarding 

the use of systems theory in the development of a current and future state supply chain system.  The 

purpose of the study is to formulate a correlation between the existing business environment, and the 

theoretical constructs used to represent it in research.  Therefore, a discussion of theory and concepts 

will be introduced in order to support future research. 
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Article 2: The Development of Generative Customization for Consumer Mass Markets.  (Fully stated in 

Chapter 2) 

Buffington, J. (2010).  Development of Generative Customization for Consumer Mass Markets.  , 

Industrial Management and Data Systems, Volume 111 (1), October. 

Specific Research Question: 

� Can the principal (consumer) be involved in a co-production (agent) process, and what are the 

implications of them doing so?   If not, what are the alternatives? 

This study addresses Research Question #2, the involvement of the principal as an active participant 

in the production process, but chooses to understand not just whether a consumer should be an active 

participant or not, but also to define the role of the consumer as a function of the results from this 

study.  In existing research, two options are provided regarding the role of the consumer in the 

production process as either active or passive (and intermittent definitions in between).  Based upon the 

research already conducted from preceding chapters of this thesis, it is questioned whether other 

alternatives of a system design should be considered as well. 

The outline of this study commences with an understanding of existing literature in customer 

choice, customer as a co-producer, generative design and complex adaptive systems (CAS), and a 

continuum of the concepts of mass production, mass customization, and generative customization.  

After reviewing the results of the survey, analysis is conducted to determine which production system is 

optimal for discontinuous innovation of the three.  The paper concludes with managerial implications 

and future research opportunities. 

Article 3: A Conceptual Framework of Generative Customization as a Solution for Product Innovation 

Conceptualization and Fulfillment.  (Fully stated in Chapter 2) 
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Buffington, J. and McCubbrey, D. (2010).  A Conceptual Framework of Generative Customization as a 

Solution for Product Innovation Conceptualization and Fulfillment, European Journal of Innovation 

Management, under 2nd revision. 

Specific Research Question: 

� Given a definition of innovation and system environment, and the principal-agent relationship, 

what is the design of an end to end design conceptualization and supply chain fulfillment 

framework? 

The primary research problem, as defined in this thesis, is a lack of an end to end system framework 

for discontinuous innovation, from its origins in product design conceptualization, to its end in supply 

chain fulfillment.  Based upon extant literature and the findings from Articles 1 and 2, as well as Article A 

(noted in the Appendix), the goal of this paper is to develop the conceptual framework for the 

discontinuous innovation system, with consideration of the principal-agent relationship, a 

static/disruptive state business ecosystem, and an understanding of the process, from product design to 

fulfillment.  An assumption was made from past research (Christiansen and Raynor, 2003) that this 

system cannot be a standalone system from the existing production system of market equilibrium. 

After an extensive review of literature in the areas of product design, product design methodology, 

product design and consumer behavior, product design, manufacturing, and supply chain fulfillment, 

and product design and information technology, four propositions were developed as a foundation.  

Once this foundation was established, a conceptual framework was developed, including a definition of 

the term generative customization, an identification of it within Christiansen’s (1997) four box, a 

conceptual explanation and illustration of an algorithm method to be chosen, the data process 

(solicitation, acquisition, categorization and distribution) from outside of the system and into it, a 

generative customization development process, and logical and physical infrastructure definitions. 
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Article 4: The Development of a Generative Customization System Methodological Design in use for 

Discontinuous Innovation (Fully stated in Chapter 2) 

Buffington, J., Keskinturk, T., and Amini, M. (2010).  The Development of a Generative Customization 

System Methodological Design in use for Discontinuous Innovation, International Journal of Production 

Research, under review. 

Specific Research Question: 

� How is the methodology defined to illustrate the dynamic required between human cognition 

and computing technology in the technique in developing discontinuous innovation? 

Based upon the findings from Articles 1,2, and 3, as well as Appendix A and B, the use of genetic 

algorithms, generative design, and agent-based modeling has been determined as optimal within the 

Generative Customization system.   Using the logical and physical architecture structures from Appendix 

B, the goal of this study is to develop a generative customization methodological approach, balancing 

the use of computer algorithms and human cognitions to enable discontinuous innovation.  Of particular 

focus is the front-end product design conceptualization phase.   

This study begins with a literature review of generative design, genetic algorithms, and generative 

customization.  After this section, the solution is developed by determining how the three emerging 

methodologies can create this optimal balance in methodology between the creative capacity and the 

ability to achieve global optimums in search/optimization techniques through computers and CAS/ABM 

methodologies to achieve integration and generative design.  Finally, future opportunities for research 

are discussed. 

Article 5: The Use of Generative Customization as an Innovation Strategy in the U.S. Smartphone 

Market: A Case Study.  (Fully stated in Chapter 2) 
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Buffington, J. and McCubbrey, D. (2010).  The Use of Generative Customization as an Innovation 

Strategy in the U.S. Smartphone Market: A Case Study, Communications of the Association of 

Information Systems. 

Specific Research Question: 

� How can the main body of research be applied to practice? 

The objective of the main research question of this thesis is to ‘define a product design and supply 

chain fulfillment system that enables discontinuous innovation.  From the literature of this thesis, it has 

been determined that there is no structural component for this type of system, so beyond developing a 

conceptual design and empirically testing attributes of such a system, it is critical to understand how an 

integrated end to end system established through research would be of use in practice.  Therefore, the 

goal of this research project is to establish a case study for how a firm would consider the use generative 

customization within an existing market. 

Through the use of a teaching case study, one of the Big Five providers in the United States is faced 

with an opportunity to explore and implement the concept of generative customization as an alternative 

design and supply chain fulfillment approach to its existing auteur method.  After a review of the 

existing U.S. market, the case is established around a discussion of generative customization within the 

Smartphone industry.  The organization is faced with an issue of innovation diffusion concerns, despite 

the company’s reputation as an innovation leader.   

1.5 CONCLUSION 

For decades, researchers have studied the field of innovation, but without much integration 

across disciplines (Garcia and Calantone, 2002), being primarily focus on the front-end design (and not 

back-end fulfillment), and without establishing a contiguous and integrated environment of an 



31 
 

innovation continuum for a market equilibrium, incremental and discontinuous innovation.  The purpose 

of this thesis is to extend outside of a conventional view of innovation study, and extend into 

understanding principal-agent relationships and the agency problem, systems theory and complex 

adaptive systems (CAS), consumer behavior and the consumer as a co-producer, the use of marketing 

and supply chain within a system, and the role of information technology within a system.  Each of these 

disciplines has its own stream of inter-disciplinary research conducted within the subjects.  

Because the primary focus of this thesis is to establish a research platform for a discontinuous 

innovation system from a variety of perspectives and disciplines, the initial aspect of this research will be 

primarily conceptual in nature in order to build a solid framework for future empirical research.   A 

conceptual framework is described as a set of broad ideas and principles taken from relevant fields of 

enquiry and used to structure a subsequent presentation (Reichel and Ramey, 1987).  When used 

properly, a conceptual framework has potential usefulness as a tool to scaffold research and, therefore, 

to assist a researcher to make meaning of subsequent findings (Smyth, 2004).  Extant literature in 

discontinuous innovation has focused primarily on a conceptual definition of its evolution (e.g., 

Rothwell, 1994), differences in scale (between incremental and discontinuous, such as Christensen, 

1997, 2003), and even some empirical studies relative to its role in new product development (Veryzer, 

2005), however there have not been any studies found related to its ability to achieve product design 

and fulfillment across a supply chain system.  Therefore, there is not a research precedent to which 

empirical studies can be conducted to address the research problem. 

The next chapter of this thesis will present the research studies (Articles 1-5) to address the 

research problems. Finally, the thesis will conclude with a summary presented through Chapter 3. 
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1. INTRODUCTION 
 

Today’s business environment is increasingly characterized as turbulent, complex, global and 

stochastic, requiring supply chains to possess a different set of competencies than in the past.  

Historically, linear representations of supply chain networks have been useful (such as the use of the 

SCOR model, as is illustrated in Figure 1), however, these models are increasingly restrictive with respect 

to today’s complex supply chain environments.  If the purpose of business is to create and keep a 

ABSTRACT 

While today’s business environment is typically characterized as being complex, global and 

turbulent, supply chains systems both in research and practice are represented quite differently.  In 

this paper, a discussion of complex adaptive systems (CAS) and supply chain systems is discussed in 

order to close the gap between research and practice. 

Through the use of a position paper, it is identified that supply chain systems are more 

accurately represented as a function of a complex adaptive system than a clockwork system, as it is 

typically represented in research today.  Also, the use of agent-based modeling (ABM) is addressed as 

a possible solution.  Future research should a better understanding of how complex adaptive system 
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customer1, it should be assumed that these complexities are complimentary to a consumer-based 

economy, not in contrast to it. 

Figure 1 – SCOR Model 

 

Supply Chain Council, 2007 

Despite this emerging topic of complexity in the supply chain industry, today’s supply chain 

research methodologies remain largely consistent to the past, with 34.6% of research being conducted 

in surveys, 16.1% case studies, 10.4% mathematical models,  and only 5% using simulation modeling 

techniques2.  Similarly, many supply chains (and their processes, organizations, and systems) follow 

deterministic and reductionist processes and algorithms that simplify solutions and discard 

unexplainable variances as errors rather than identifying stochastic or random variables.  As a result, 

these techniques in both research and practice assume that there is only one possible solution to a 

problem, which infers that market environments produce repeatable and predictable outcomes. 

To be able to utilize new tools that measure stochastic variables instead of reducing them, users 

must first achieve a foundational understanding of the business environment to properly diagnose, 

design, and analyze these problems.  The purpose of this paper is to address the theoretical 

                                                           
1 Drucker, Peter, http://www.druckerinstitute.com/
2 Sachan, A., & Datta, S. (2005). Review of supply chain management and logistics research. International Journal of Physical 
Distribution & Logistics Management. 35 (9), 664-705. 
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underpinnings of Complex Adaptive System (CAS) theory, and its importance in the design of supply 

chain strategies.  Three aspects necessary for laying the CAS foundation will be discussed; one, the firm 

must possess openness within its entire business ecosystem, not just its supply chain.  Two, the supply 

chain must be flexible enough to support the randomness of a non-linear supply chain, and finally, a 

supply chain environment and its agents must possess adaptiveness to achieve an optimal solution.   

2. THE COMPLEX ADAPTIVE SYSTEM (CAS) 

The earliest theorists of system thinking sought to understand science not as a conglomeration, 

but rather to open interactions in order to examine larger and larger slices of nature1.  Theories in 

system thinking became more useful after John Holland’s famous work, “Adaptation in Natural and 

Artificial Systems (1992), through the utilization of computer simulation that defined physical systems as 

possessing nonlinear qualities.  Through the emergence of nonlinear equations, simulation software, 

and the exponential growth of computing power, the CAS concept became increasingly relevant to the 

physical sciences, and is emerging in the social sciences as well.  By definition, a complex adaptive 

system is a dynamic network of agents acting in parallel, acting and reacting to what each other are 

doing, as is illustrated in Figure 2.  Key to this model is the role of the agent in a nonlinear and path 

dependent process that is not mathematically tractable when using traditional techniques2.  

 

 

 

 

                                                           
1

2 Miller, John H. and Page, Scott E. (2007) Complex Adaptive Systems: An Introduction to Computational Models of Social Life 
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Figure 2  – Complex Adaptive System (adapted from Holland, 1992) 

 

 

In contrast to this holistic view of a business ecosystem, traditional supply chain models have 

been represented by linearity and reductionism; the concept that complex problems can be understood 

through reducing them to the interaction and/or isolation of individual components.  Research has 

found that while this approach has been very successful in the physical sciences such as physics, 

chemistry and biology, its practical applications have been less useful in the social sciences.  In business, 

enterprise resource planning (ERP) software companies have often used reductionism in forecasting and 

supply chain planning, seeking to eliminate rather than enhance unplanned variations in order to adhere 

to a linear process1, which appears to be a counterintuitive proposition in a dynamic and non-linear 

business environment, and not validated through research.   

Schneider and Somers (2006) in their conceptual framework development of Organizations as 

Complex Adaptive Systems found how organizations are adaptive for the sake of their own self-

                                                           
1  Lengnick-Hall, et. al.. "The role of social and intellectual capital in achieving competitive advantage through enterprise 
resource planning (ERP) systems". Journal of Engineering and Technology Management : JET-M. 21 (4): 307. 
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preservation, but not at the expense of other agents in its environment1.  These organizations are 

‘poised at the end of chaos for optimal buffering and adaptability’, but if chaos is not managed, the firm 

will become frozen non-adaptive, unable to change.  Through the concept of a CAS, homeostasis leads to 

both progress and self-preservation through a balance in the environment achieved with other agents.  

Without such a balance, the firm has the possibility of being unwilling or unable to adapt (frozen non-

adaptive) or too willing to change (chaotic non-adaptive), both of which are sub-optimal.   

Therefore, the present state consumer driven market and supply chain is defined as a complex 

adaptive system rather than a Schumpeterian 20th century system where brute force and power were 

the primary factors to achieve innovation and growth.  The recent collapse of the U.S. Big Three 

automakers is perhaps the best known example of how a 20th century Schumpeterian system will fail if it 

cannot adapt within its environment.  Microsoft’s fortress mentality, ignoring the opportunities and 

threats associated with upstarts, such as Google, is another example.  Dick Brass, a former Microsoft 

Vice President, wrote an Op-Ed for the New York Times in which he spoke of an internal system that 

thwarted innovation through ‘internal competition that required ideas to compete’2.   

The nature of a 20th century supply chain model is to simplify and eliminate chaos and disorder, 

assuming that what cannot be defined within a linear equation must be identified as an error 

(acknowledged or unacknowledged).  Linear models also draw discrete and deterministic relationships 

between factors, often neglecting emerging or latent variables.  The traditional supply chain structures 

remain largely controlled around a static definition of supply chain partners; a CAS supply chain model 

assumes openness to be defined within less static roles and partnerships.  In a CAS model, a retailer may 

                                                           
1 Schneider, M., & Somers, M. (2006). Organizations as complex adaptive systems: Implications of Complexity Theory for 
leadership research. The Leadership Quarterly. 17 (4), 351. 

2 Brass, Dick, “Microsoft’s Creative Destruction”, New York Times, February 4, 2010. 
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take on manufacturing/assembly attributes, a manufacturer may become a retailer, and a customer may 

become a co-producer, all defined within the unique supply chain environment1. 

3. 21st CENTURY SOLUTIONS 

In a CAS environment, innovations can come from any department in the firm, agent in the 

supply chain network, or practically any association within a business ecosystem.  The stochastic nature 

of the solution demands more than one optimal solution, and the openness of the business 

environment enables the firms to adapt to its environment in a manner that is best suited for itself and 

the overall supply chain.  Agents in the supply chain are adaptive, meaning that the results of the 

models can evolve through a slow convergence of good social outcomes (rather than the theory of one 

best outcome).  In this environment, if a firm is non-adaptive to change, it may slowly become irrelevant 

in the market environment (i.e., the Big Three), thereby making it practically impossible for this firm to 

innovate in a dynamic market economy.  This CAS concept more closely resembles how agents engage in 

a social structure, which leads to convergence and adaptiveness.  

Computational models have opened up vast new frontiers for exploring the learning behavior of 

agents2; the sheer complexity associated with calculating possible solutions was beyond the capabilities 

of man’s mind and his mathematical formulas.    In a conventional supply chain system, Firm A is chained 

to Firm B to Firm C to Firm X in a deterministic, predictable and linear representation.  Many firms still 

organize themselves in a linear manner (supply chain wholly segregated from marketing, and operations 

and sales), including the determinist definitions of ERP systems, and supply chain relationships that are 

linear (Firm B interacts with Firm A and Firm C, but not Firm X in the continuum).  Figure 3 provides an 

illustration of a nonlinear representation that represents a CAS supply chain environment. 

                                                           
1 For more on this concept, see Buffington and Amini’s (2010) Mass Customized Supply Chain Conceptual Framework, (under 
review). 
2 Miller, John H. and Page, Scott E. (2007) Complex Adaptive Systems: An Introduction to Computational Models of 
Social Life.
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Figure 5 – Nonlinear Supply Chain representation 

 

Before firms can properly utilize agent based modeling and simulation (ABMS) tools, they must 

conduct a complete assessment of their existing relationships both within and outside the firm since the 

CAS supply chain system is founded upon the notion that the whole of many systems or organizations is 

greater than the simple sum of its constituent parts1.  As an example, researchers and practitioners have 

acknowledged the criticality of understanding the dynamics between marketing and operations, despite 

being unsuccessful in doing so2.  Conceptually, ERP systems are intended to bring together the parts into 

the wholeness of the organization, but it has attempted to do so through a structured and deterministic 

                                                           
1 North, M.J. and Macal C. (2007).  Managing Business Complexity.
2 Swink, M., & Song, M. (2007). Effects of marketing-manufacturing integration on new product development time and 
competitive advantage. Journal of Operations Management. 25 (1), 203. 
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rule set that does not enable a dynamic and open structure within social systems.  In contrast, a 

CAS/ABMS approach seeks to model the complexities of the relationships rather than reduce them.  In 

this case, the usefulness of computer simulation takes the place when mathematics fails1, but not before 

the firm accepts and understands the notion of the CAS concept within its supply chain.  Both research 

and practice have significant opportunities in understanding this concept. 

Not only have supply chains been viewed as linear representations, the concept of innovation in 

the marketplace has been so as well.  Following a linear path of pure research, applied research, and 

then development, strides were made in the 20th century regarding the execution of pure science.  

However, the concept of innovation in today’s dynamic consumer based economy must not only study 

what happened in a present business situation, but also what might have happened.  In reality, 

innovation within a supply chain can follow a variety of paths, and must do so by its very nature.  

Innovation will progressively become defined in terms of multiple possible solutions rather than the one 

right answer, as is defined within Apple’s closed system of an auteur model of innovation.  Therefore, 

supply chain systems must be able to support an innovation, New Product Development (NPD), and 

fulfillment process that enables multiple optimal solutions.  Further, as consumers desire customization 

more so than standard design, more complex, decentralized, non-linear models of new product 

development must be established through ABMS, including the consumer as a co-producer in the supply 

chain process. 

Beyond its use in NPD, the use of agent based modeling tools in a CAS concept has enormous 

opportunities to assist firms in their supply chain planning and forecasting processes.  Today’s ERP 

system tools largely possess deterministic, black-box algorithms hard coded into the software, 

minimizing the user’s opportunity to respond adaptively to a discrete data set.  Agent data received in 

                                                           
1 Ruelle, D. (1991).  Chance and Chaos. 
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the forecasting process defines the agents as static rather than path dependent, which is contradictory 

to how consumers, retailers, distributors, and manufacturers will respond to one another in a social 

structure.  Therefore, the agents in the supply chain are defined as believing the one best approach 

without understanding how this translates in the end if all agents undertake a similar approach of self-

interest (as illustrated through the MIT ‘Beer Game’ simulation).  This of course leads to the bullwhip 

effect, with the supply chain, as is illustrated in Figure 4. 

Figure 4 – Beer Game Illustration 

 

Implementing a system design that will allow each of the supply chain agents (manufacturer, 

retailer, consumer, etceteras) to be adaptive agents will enable a path dependent approach that seeks 

to define a supply chain plan based upon the social interactiveness between firms in the supply chain, 

responses to and from competitors, and different interactions within the firm as well.  Despite the allure 

of using the CAS concept in supply chain planning, researchers and practitioners can often conclude that 

such efforts are ridden with subjectivity, so why bother?  Probably for most firms, a deployment of this 

CAS concept seems more daunting than its potential allure.  Without an understanding of how a supply 

chain must be structured and understood to undertake the CAS concept, this is certainly true.  
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Therefore, before firms seek to implement the CAS concept or start using ABMS tools, they must 

understand the implications and changes that must occur within the firm prior to doing so. 

4. Conclusions 

It is the belief of the author that the future of supply chain systems will be defined within 

Complex Adaptive Systems rather than linear models; however, it is unclear as to when this future 

will arrive.  The CAS concept and ABMS tools have largely contributed to successes in other fields of 

research and practice, and is just beginning to emerge within the fields of social sciences such as 

Marketing and Supply Chain.  Given the dynamic and unpredictable nature of today’s supply chains, 

it is a reasonable conclusion that firms, supply chains, software providers and others will gain 

competitive advantages through the proper use of this concept.  Yet as supply chain researchers and 

practice leaders continue to congregate around traditional techniques and tools, the question is not 

only when most firms will be ready for the CAS concept as a function of their supply chains, but 

rather when they will design their people, processes, and technologies in order to enable it.   

Of greatest concern to the author is that researchers and practitioners will focus their efforts on 

utilizing ABMS tools before they understand the foundation of the CAS concept; this would be a 

mistake, and would likely lead to the utilization of these stochastic processes in deterministic, 

traditional supply chain manners.  Not only is this concern related to supply chain researchers and 

practitioners, but software providers as well, particularly given the evidence in research between 

the definition of the fixed algorithm in a software tool that the user doesn’t understand.   

Therefore, the focus of this paper is for supply chain researchers and practitioners to 

understand the elements of having to develop a CAS supply chain strategy and its impact on the 

cultures of the firm and the supply chain network before they commence an ABMS effort.  Similarly, 

software providers must learn from implementation gaps between the functionality of their ERP 
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tools, and how the end user and the corresponding business processes interfaced with the tool.  

With greater opportunity, the CAS supply chain offers greater risk; however given the present state 

environment growing increasingly dynamic, complex, and uncertain, practitioners and researchers 

would be wise to undertake these risks for what might become the greatest opportunity for supply 

chain transformation over the next decade! 
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CHAPTER TWO 

Article 2: The Development of Generative Customization for Consumer Mass Markets.   

 

Buffington, J. (2011).  Development of Generative Customization for Consumer Mass Markets.  , 

Industrial Management and Data Systems, Volume 111 (1), October. 

 

 

 

  

 

 

 

 

 

 

 

 

Abstract 

 

Purpose - Mass customization has yet to fulfill its original purpose as established by marketing 
researchers to become an alternative to mass production, largely due to its inability to achieve 
mass market levels of efficiency.  The purpose of this study is to survey consumer’s perceptions, 
willingness and capabilities of participating in a mass customization system, and understand the 
implications of its findings related to an alternative production system, generative 
customization. 

 

Design/methodology approach – After an extensive literature review of mass customization, 
consumer behavior, complex adaptive systems and generative design, a survey was conducted 
across U.S. and Swedish consumers relative to their willingness and perceptions regarding mass 
customization, with hypotheses based upon extant research standards. 

Findings – The survey results found that consumers are ambivalent toward mass customization 
in mass markets, and a conceptual alternative (generative customization) appears to achieve, at 
least conceptually, the necessary objectives relative to product design conceptualization and 
fulfillment that mass customization cannot achieve.  

Research limitations/implications – A lack of significant findings from extant research regarding 
consumer perceptions and tolerances regarding mass customization in mass markets is a 
limitation to this study.  The discussion of a new concept (generative customization) as a viable 
alternative to mass customization as a result of the survey findings needs to be validated 
empirically in future research.  

Originality/value – The paper empirically validates a definition of mass customization as a 
complementary rather than an alternative to mass production.  It also introduces and develops 
the concept of generative customization as viable alternative to mass production, albeit one that 
must be empirically validated in future research. 
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Introduction  

Although it has been over twenty years since Davis (1987) first coined the term mass customization 

as “a business strategy for profitably providing customers with anything they want, anytime, in any 

way”, it has yet to achieve these expectations in consumer mass markets.  Pine (1994) designated mass 

customization as marketing’s “final frontier”, yet the big winners in consumer markets continue to 

pursue a strategy of standardization (Rigby and Vishwanath, 2006), opting for efficiency over innovation.   

One probable reason mass customization has yet to become a viable alternative to mass production 

is due to a lack of taxonomic classification within research of a clear definition.  Kumar et al’s (2007) 

content analysis of mass customization since the concept’s inception found a “lack of a general theory” 

as a necessary, but missing requirement.  In some cases, researchers are associating the term 

personalization, which often occurs in non-mass, niche market segments (such as personally fit golf 

clubs) and mass customization, which, according to the views of the author, should only be considered 

alternatively to consumer mass markets.    

In this paper, mass customization is strictly defined related to consumer mass markets: Broekhuizen 

and Alsem (2002) defined mass customization success as “its ability to provide superior customer value 

– through customization on a mass scale”.  As an alternative to a customer centric model of design and 

fulfillment of mass customization, Buffington and McCubbrey (2010) developed an alternative concept 

to mass customization called generative customization.  Using this concept, the consumer is virtually 

involved (via a generative design process) rather than being an active participant, as in mass 

customization.  The authors defined the term generative customization as a product conceptualization 

and fulfillment system that enables customization through a front-end generative design process rather 

than active or passive consumer involvement in the elicitation process, and a supply chain system that 

enables this innovation.  Therefore, it is proposed that generative customization offers greater 
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innovation and customization in product design in comparison to mass production, and superior supply 

chain fulfillment to mass customization.  In general, Figure 1 is a representation of this system. 

 

(Buffington and McCubbrey, 2010) 

Generative customization offers an interesting contrast to mass customization: the former assumes 

innovation through a method of using computing technology to generate and fulfill innovative, 

customized, and viable design possibilities (Krish, 2010), while the latter assumes a direct involvement of 

the consumer through the use of the consumer as a co-producer (as noted by Pine, 1993 and Kotler, 

1989) as the driver of innovation.  The purpose of this study is to explore mass customization and 

generative customization relative to a consumer’s ability and willingness to be involved in the 

conceptualization and fulfillment process.  To do so, a survey was conducted with the concept of mass 

customization as an alternative to a conventional mass production system, given the consumer’s 

familiarity of the concept (and not of generative customization).   
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A crucial difference between mass customization and generative customization is the degree of 

elasticity regarding consumer involvement and sacrifice, and the degree to which a consumer’s 

involvement can be virtually simulated alternatively in a generative design process.  If a consumer has an 

elastic aptitude toward involvement and willingness to sacrifice as a co-producer, then mass 

customization may be considered as the most viable alternative, given the consumer’s desired proximity 

in the design and fulfillment process.  However, if the consumer is ambivalent or worse toward 

involvement and sacrifice, it will be assumed that the generative customization system is a superior 

conceptual alternative to mass production. 

The remainder of the paper will be as follows: next, a literature review will be presented regarding 

critical concepts of mass customization, consumer behavior, generative design and generative 

customization.  Next, the methodology section will present the research approach used to conduct this 

study.  Finally, the results will be discussed, as well as conclusions and future research based upon this 

study. 

Literature Review  

 Mass Customization Research 

Holbrook and Hulbert’s (2002) model (shown in Figure 2) identifies how market power has migrated 

from artisanal production to mass markets (manufacturing centric), and is projected to increasingly 

focus on the consumer.  As markets matured, power is shifting to a more intimate consumer 

relationship, leading marketers to consider one-to-one relationships with consumers.  Similarly, Pine 

(1993) noted that mass production had become outmoded and no longer effective; Table 1 provides a 

brief synopsis between the two concepts, according to Pine. 
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Source: Holbrook and Hulbert (2002)  

One of the earliest examples of mass customization is Spira’s (1993) case study of Lutron Electronics, 

documenting how this company focused on the customized electronic dimmers, which allowed the 

company to be competitive against larger suppliers.  Other examples of customization include the 

Motorola pager (Eastwood, 1996), Levi Strauss jeans (Peppers and Rogers, 1997), National Bicycle 

Industrial Company (Kotha, 1995), and Dell Computer, which was noted by Salvador et al (2009) as a 

true example of mass customization.  In this same study, Salvador et al (2009) conducted a survey of 200 

manufacturing plants in 8 countries and found that mass customization is relevant, as long as it is well 

understood and deployed.   
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Table 1 – Mass Production versus Mass Customization (Pine, 1993) 

Mass Production Mass Customization 

Stable demand Fragmented demand 

Large homogenous markets Heterogeneous niches 

Low-cost, consistent quality Low-cost, high quality 

Standardized goods and services Customized goods and services 

Long product development cycles Short product development cycles 

 

From the literature review, it was found that mass customization has been proven an effective 

complementary strategy (e.g., Levi Strauss, Nike, NBIC), an effective niche strategy for small companies 

seeking a competitive edge against larger suppliers (Lutron Electric), and successful through Internet 

fulfillment (Dell, Amazon.com, Yahoo).  Further, Kumar et al (2007) found mainstream manufacturers 

such as Proctor and Gamble and Nike are participating in mass customization, but these efforts are 

almost entirely complementary rather than alternative market strategies (to mass production mass 

markets).  Earlier, researchers such as Morehouse and Bowersox (1995) predicted greater market 

penetration of alternative mass customized systems when they predicted that the food industry would 

utilize mass customization techniques for 50% of its product by 2010, which has not been achieved.  

Agrawal et al (2001) found a cheaper alternative to mass customization’s build to order is in the use of 

the Internet for the consumer to find what he/she is looking for. 
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Consumers and Mass Customization research 

Despite the generalization that consumers prefer one-to-one marketing relationships over 

standardized product offerings, as is illustrated in Holbrook and Hulbert (2002), there is scant evidence 

to support the assertion.  Bharadwaj et al (2008) conducted surveys and found that only prospective 

buyers who possess strong preference insight prefer customization, and standardized systems should be 

proposed to buyers who do not.  Dellaert and Stremersch (2005) came to the same conclusions, finding 

that PC consumers with high levels of product expertise considered mass customization configurations 

less complex than consumers with low levels of product expertise.  Franke and Steger (2009) found that 

mass customization efforts can only be effective if consumers actually have well-defined preferences, 

and are sufficiently aware of them.  From these studies, as well as others (Kramer et al, 2007; Simonson, 

2003; Ghosh et al, 2006) mass customization has not been found to possess universal appeal.  From 

these studies, mass customization is generally defined related to niche consumers and as a 

complementary strategy to mass production (e.g., Radder and Louw, 1999). 

However, just because mass customization is categorized in research as a function of 

complementary strategies, it should not be concluded that today’s consumers are disinterested in 

product alternatives to a mass production system.  Holbrook and Hulbert (2002) noted that mass 

marketing techniques are less relevant the closer the consumer and producer can get to a one-to-one 

model.  Various researchers (e.g., Berry and Cooper, 1999; Boatwright and Nunes, 2001) found the use 

of mass market product assortment for standard products to be counterproductive.  Jiang (2000) sought 

to balance the use of micro-segmenting and mass customization through a ‘segment-based mass 

customization’, but there has been a limited degree of support for this approach.    The use of 

conventional marketing strategies to differentiate consumers to purchase standard products has left the 

consumer dissatisfied, as originally noted by Pine (1993) and more recently by others. 
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Mass market consumers often do not possess sufficient product knowledge or preferences to 

partake in mass customization as an alternative strategy, but are not sufficiently satisfied with 

conventional market strategies for standard products.  Lee et al (2002) coined the term, “customer 

choice paradox” to identify the state of consumers being dissatisfied with the shopping experience, 

despite an abundance of options.  Huffman and Kahn (1998) also found the need for choice 

simplification, rather than the dizzying array of product assortment.  In allowing them to do so, 

consumers will seek to normalize their own experiences with their own methods, such as choosing 

aggregate preferences over their own (Kramer et al, 2007; Surowiecki, 2004), or obvious irrational 

responses from being overwhelmed, and even making random decisions at the point of retail (Yoon and 

Simonson, 2008).   

In an effort to scaffold rational responses from consumers, marketers have sought to improve 

customer elicitation techniques, particularly relative when making customized product choices.  

However, even when using these techniques, consumers have difficulties making decisions with respect 

to preferences due to limited information processing of humans, lack of technical knowledge about the 

product and customer ignorance of his or her needs (Blecker and Friedrich, 2007).  Zipkin (2001) found 

that elicitation is hard and customers have troubles deciding what they want and communicating or 

acting upon these decisions.  Despite innovative approaches to customer elicitation identified by various 

researchers, and benefits associated with the customer involvement in the process, as identified by 

Broekhuizen and Alsem (2002), Berman (2002) found that the techniques need to improve dramatically 

in order to make a difference, and Terwiesh and Loch (2004) noted that the topic is under researched. 

According to research, the consumer’s role and willingness to participate in mass customization 

largely depends upon the individual itself, and that individual’s level of expertise relative to the 

specifications of the product, further demonstrating mass customization’s strategy as a complementary 
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approach to mass production, supporting niche markets.  Furthermore, given the consumer’s general 

level of dissatisfaction in existing standard market practices and techniques, there remains an unfulfilled 

strategic opportunity for an alternative to mass production, even if mass customization itself is not the 

answer.   

Generative Design and Complex Adaptive Systems (CAS) 

From a comparative analysis between an existing standalone mass production and a conceptual 

standalone mass customization supply chain system, the former remains frequently presented in terms 

of a traditional, linear and sequential system (Pitimaneeyakul et. al., 2004) while the latter is largely 

undefined.  Yang et al (2004) noted that “there is a strong linkage between the design of a product and 

that of a production process and supply chain”, leading researchers to define mass customization in a 

predominately non-linear methodology that has yet to be achieved.  Various researchers have 

acknowledged for a greater need for dynamism and non-linear modeling to better understand mass 

customization (Kincade et al, 2007).   

Huang et al (2006) found that a non-linear based approach can enable a collaborative product 

design environment over the Internet through the control of the workflow processes using standard 

data schemas.  The use of a complex adaptive system (CAS) in a supply chain is a function of managing 

complexity across individual firm and/or department relationships, leading to a complex array of 

interdependent variables (Koh et al, 2006; Forman and Lippert, 2005). This approach appears to be more 

flexible in understanding the irrational and complex nature of an individual consumer and the business 

environment; Mason and Staude (2009) found that complexity theory can be useful for marketing in 

turbulent environments.   

A complex adaptive system (CAS) is defined as a “dynamic network of many agents acting in parallel, 

constantly acting and reacting to what the other agents are doing” (Waldrop, 1992).  Pathak et al (2007) 
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proposed that a complex adaptive supply network (CASN) be viewed as a CAS consisting of 

interconnected autonomous entities that make choices concerning adaption and survival; however this 

concept focuses on the supply chain network, and not the consumer, per se.  Supply chains become 

living systems, and as Holland (1992) noted, all systems must change continuously in order to survive 

(ones that do not cease to exist).  The use of evolution for creative problem solving is one of the most 

exciting and potentially significant areas in computer science (Lee and Chang, 2010).  Lam et al (2008) 

found the use of genetic algorithms in supply chain systems can dramatically reduce processing and 

operating time in the network.   

The problem associated with using evolutionary computing (EC) or an ABM approach is a lack of 

validity in assuming that a consumer’s agent behavior can become adaptable, and modified through an 

evolutionary process.  In a standardized product supply chain, the consumer is not assumed to be 

rational, or adaptable to become so.  In comparison, a mass customization approach should assume that 

a consumer can adapt and progress toward rational survival behavior rather than irrational and self-

destructive actions.   

Generativity refers to an evocative power or aptitude that can result in producing or creating 

something (Weick, 2007).  Generative design is an approach that shapes the way that products are 

conceived, designed, and implemented in a connected environment; an intuitive process by untrained 

users rather than an engineering function of a firm.  This approach does not generate final designs as 

much as it generates design possibilities for consumer consideration.  It is the incorporation of system 

dynamics into the production of artifact and experience (McCormack et al, 2004).  Alexander (1996) 

identified generative schemes as DNA-like building blocks, allowing anyone with basic skills to construct 

an artifact, with an almost unlimited number of variations.  According to Avital and Te’eni (2009), “the 
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ability within this process to readjust to the changing environments and needs makes generative 

schemes a timeless pattern within human experiences”. 

In McCormick et al (2004), the following properties were established for generative design: 

� The ability to generate complexity, many orders of magnitude greater than their 
specification. 

� The complex and interconnected relationship between organism and environment. 
� The ability to self-maintain and self-repair. 
� The ability to generate novel structures, behaviors, outcomes, or relationships. 
� Niche markets develop broad use and popularity while others disappear altogether. 

 

Contrary to a conventional use of computer design to solve for problems, generative evolutionary 

design focuses on the generation or discovery of multiple new designs that evolve from one another 

into unique and unexpected solutions (Avital and Te’eni, 2009).  A design of a product within a product 

development lifecycle takes on a new paradigm in a complex adaptive system; instead of the goal being 

clear boundaries, stable preferences, and fixed goals (Simon, 1996), the goal is not a completed design, 

but rather a continuously evolving one.  In designing for incompleteness through generative design, the 

lines are blurred between a designer and user, and the generative facet of incompleteness is fostered by 

‘partial partitioning’ (Garud et al, 2008).  In this non-linear, CAS model of design by incompleteness, a 

different perspective takes shape relative to the role of the customer in the elicitation process. 

From the literature, there does not appear to be any association between the use of a complex 

adaptive system (CAS) approach, and the evolution of consumer power in markets, as is illustrated in 

Figure 2.  

Generative Customization  

In consumer mass markets, it is assumed that consumers have a disposition to price and 

convenience over customization possibilities.  Xia and Rajagopalan (2009) found that a consumer’s 
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preference relative to an efficiency/customization trade-off depends upon cost efficiencies as well as 

consumer sensitivity to product fit and lead time, which inevitably leads to standardized products being 

preferred.   

In comparison to a mass production or mass customization system, a generative customization 

supply chain system, as is illustrated in Figure 2 links the generative design process in the front-end to 

an efficient back-end fulfillment system.  Figure 3 (from Buffington and McCubbrey, 2010) provides an 

illustration of the product design process in the front end subsystem, which is responsible for ensuring 

that a product design can be successfully fulfilled through considering both factors into the design.  This 

is accomplished through the use of a genetic algorithm search technique, using the seven analysis 

components, as shown in the genetic algorithm process, as the fitness factors.   
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Quite different from a mass production or mass customization system in concept, a generative 

customization system, through the use of evolutionary algorithms (EA) is able to secure both virtual 

consumer, and back-end manufacturing/supply chain requirements in a non-linear pattern of 

development, different from a conventional, linear Stage Gate approach to product development.  In a 

mass production system, the consumer is passively involved in the development and fulfillment of the 

product, but in a linear pattern.  In mass customization, the consumer is actively involved in the process, 

but in a linear supply chain system.  Generative customization offers a virtual involvement by the 

consumer, in a non-linear supply chain system. 
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Although it has yet to be tested empirically, the literature review from generative customization 

finds the concept as an approach to use to optimize discontinuous innovation and design possibilities to 

excite the consumer while maintaining the same or similar product costing to remain competitive with 

mass production efficiency standards.  As such, this concept is intended to be positioned as a best of 

both worlds alternative to mass production and mass customization.   

 

Methodology 

Study Design 

To date, there has been scant research conducted related to a consumer’s willingness to participate, 

perceptions and abilities using mass customization in mass markets.  However, from the few general 

studies available, and research on mass production systems, the following hypotheses are established to 

study consumer perceptions, abilities and participation in this paper: 

H1: To achieve personalization attributes for a durable consumer product, a consumer is willing 
to spend 10-20 minutes in an elicitation/design process in order to meet his/her requirements. 

 

H2: Consumers are unwilling to pay a price premium for a mass customized product even when 
they prefer customization as an option.  

 

 H3: The consumer is willing to consider a mass customized product if the proper value 
proposition is satisfied in the selection process. 

 

H4: In order for the consumer to improve the likelihood of making the proper personalization 
choice, he/she will require “physical” assistance rather than no assistance or “virtual assistance. 

 

H5: Consumers are generally ‘brand neutral’, possessing neither brand or product attribute 
loyalty; instead seeking better to understand what value each concept can provide to their 
buying experience. 
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H6: Consumers have no preference to branding messages, regardless of whether it is a traditional 
(manufacturer) brand message or a less conventional or custom brand message.   

 

H7: Consumers possess a low sacrifice tolerance to needing to wait to receive a customized 
product, expecting the product to be at the consumer’s disposal within 2-4 days of the order 
completed. 

 

One study was found that addressed an application of mass customization within a specific industry: 

Boër and Dulio (2007) noted that their study “is the only monograph dedicated to the application of 

mass customization in a particular industry”.  Based upon a review of extant literature, there are limited 

specific findings related to a consumer perceptions and tolerances of mass customization.  For example, 

Boër and Dulio’s (2007) most extensive study is related to a niche market (only 55% men/65% women 

would consider a mass customized purchase, not a mass market definition). 

For the definition of H1, there are few standards related to a consumer’s willingness to be involved 

in the customization of a product.  Boër and Dulio (2007) found that a consumer is willing to participate 

for 20-30 minutes in the configuration of the product, and studies related to Levi Strauss jeans and 

Custom Foot shoes showed similar tolerance findings.  However, for purposes of this study, it is 

proposed that a consumer’s tolerances in mass markets are 50% less elastic than in niche markets, 

therefore, 10-20 minutes was used as the null hypothesis for this paper.  Broekhuizen and Alsem (2002) 

declared that “today’s time starved customers often favor convenience over shopping, and are not 

willing to spend time configuring a product”, and Fang (2008) questioned its merits due to extensive 

customer participation required. 

Relative to price sensitivity for custom versus standard products (H2), numerous studies (Kumar et al 

2007; Dellaert and Stremersch, 2005; Bardacki and Whitelock, 2003; Franke et al, 2009; Gershenson et 

al, 2003, Broekhuizen and Alsem, 2002) found the consumer’s price tolerance to be inelastic, even if 
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he/she prefers customization as a feature (Franke et al, 2009).  Jiang (2002) found that consumers are 

not willing to pay a premium to customize a laptop (despite Dell’s model), while Dabholkar et al (2003) 

found that time, cost, and quality factors must be optimized for mass customization customer value to 

mass produc@on standards; it has thus far failed to achieve such successes in comparison.  Boër and 

Dulio (2007) was an exception, finding that consumers (European shoe buyers) would be willing to pay a 

10-30 % premium for a customized product.  Beyond this one study, the research findings suggest 

intolerance to paying a higher price for customized products, supporting this hypothesis. 

Hypothesis H3 addresses a consumer’s general perception of mass customization and suggests the 

consumer has yet to form a positive or negative image associated with it, due to a lack of exposure in 

mass markets.  An American Demographics study (2001) did find that younger consumers are more 

likely to expect customization than older consumers, but specifics were not provided to exactly how this 

translated to mass market consumer purchases.  Broekhuizen and Alsem (2002) contended that “a 

coherent framework does not exist for which to assess the viability of mass customization”, while Boër 

and Dulio (2007) willingness results (55% men, 65% women) indicates neither an overwhelmingly 

favorable or unfavorable general impression. 

Hypothesis H4 focused on the consumer’s ability to participate in a mass customization process, 

regardless of his/her preferences.  Based upon various customer elicitation studies, such as Zipkin (2001) 

and Shamsuzzoha et al (2009), consumers are assumed to need greater assistance in the co-design 

process, requiring a salesperson’s assistance (Lee, et al, 2002), and through the use of functional 

prototypes in physical view (Campbell et al, 2007).   

 Hypotheses H5 and H6 both focus on a consumer’s affinity toward brands in a consumer product 

definition.  With research indicating that some brands have become more of a notion of routine (Dulsrud 

and Jacobsen, 2009) rather than associated with a deeper emotional attachment, consumers may favor 
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product attributes over product images associated with branding.  Marks (2009) stated that traditional 

brand management as practiced today has reached its practical end, which provides the product 

manufacturer with an opportunity to market mass customization.  According to the hypothesis, the 

consumer does not have a brand preference, or a custom product attribute preference, instead seeking 

to understand the value proposition in a product offering. 

Similar to H1, there is little research supporting the time tolerance that a consumer is willing to 

assume relative to final product fulfillment in mass markets (H7).  Bardacki and Whitelock (2003) simply 

stated that “waiting is allowed as long as it is considered reasonable”, Broekhuizen and Alsem (2002) 

suggested that consumers will choose convenience over shopping and Boër and Dulio (2007) identified a 

tolerance delivery of up to 1-2 weeks.   Assuming the 50% less elastic nature of the mass market 

consumer, the hypothesis for H7 was determined. 

Using these seven hypotheses to define a consumer’s willingness, perception and ability to 

participate in mass customization, a survey was developed (Appendix 1).  The Smartphone product was 

selected for the purposes of this study due to its current state use in practice, and consumer familiarity 

with customization (Ro et al, 2007). To generate responses, two populations of undergraduate students 

were used, one from the United States and the second from Sweden.  In two undergraduate classes in 

the U.S. and one in Sweden, paper surveys were distributed to students, and all in attendance 

completed the survey and responses were collected immediate after completion.  The author of this 

paper administered the survey across the two student populations in the U.S., while written and verbal 

instructions were provided for an administrator in Sweden to follow the same process.   

College students were chosen as a sample population in order to achieve significant uniformity 

across different cultures, and due to their more elastic nature related to mass customization and 

expectations (American Demographics, 2001).  The two national markets (U.S. and Sweden) were 
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chosen to understand perceptions of consumer behavior across different cultures.  According to an 

International Communication Union survey (2002), there are vast differences between U.S. and Swedish 

telecom consumers, with the U.S. consumer rated 29th out of 43 regarding phones per capita (48.81 

phones per 100 people) compared to a weighted average of 59.3 per 100 people across the 43 

countries, while Sweden ranked 6th, with 88.5 phones per 100 people.   

For each of the seven questions representing a hypothesis, a five point Likert Scale was provided as 

a response structure, ranging from a consumer perception, willingness and ability of ‘not favorable at all’ 

to ‘most favorable’, and the mid-point score (3) representing the null hypothesis.   

Results 

Survey Results 

Table 2 provides a statistical summary of the results from both populations.  Three tests were used 

to analyze the results from the populations: t-tests for mean differences within and between the sample 

populations, Cronbach’s Alpha to test the reliability of these sample populations, and Chi-Square values 

to understand the goodness of fit of the observed results around the hypotheses, assuming a 

symmetrical frequency distribution around a mean score of 3.   

Table 2 – Descriptive Statistics for Survey Question 

 

Factor  U.S Result,  Sweden Result Combined Result  

Cronbach’s 

Alpha 

.586 “Reject” (at .60) .763 “Accept” (at .60)   

Question 1 

(t-Test) 

2.717241 “Accept” 3.046729 “Accept” -2.33073 “Accept” 
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Question 2 

(t-Test) 

3.17931 “Accept” 3.11215 “Accept” 0.504677 “Accept” 

Question 3 

(t-Test) 

3.296552 “Accept” 2.962617 “Accept” 2.336944 “Accept” 

Question 4 

(t-Test)  

3.365517 “Accept” 3.429907 “Accept” -0.47579 “Accept” 

Question 5 

(t-Test) 

3.110345 “Accept” 3.009346 “Accept” 0.737192 “Accept” 

Question 6 

(t-Test) 

2.875862 “Accept” 2.934579 “Accept” -0.42894 “Accept” 

Question 7 

(t-Test) 

3.296552 “Accept” 3.224299 “Accept” 0.516432 “Accept” 

 

First, the Cronbach’s Alpha score of .586 (U.S.) and .763 (Sweden) is considered acceptable for the 

Swedish population and close to acceptable for the U.S. population, assuming a score of .7 or higher as 

the standard for the study (Nunnally, 1978).  From the extant literature, it is not well understood the 

reason for a slightly lower than reliable score from the U.S. population, however, in some cases, a 

Cronbach’s Alpha of .6 is considered acceptable.  Furthermore, there might be latent attributes within 

the U.S. population’s response that must be understood to determine what impact it has on the internal 

consistency of the result. 

The Chi-Square scores (shown in Table 2) presents a consistent message related to the U.S. versus 

Swedish results; 5 out of 7 questions from the Swedish population showed an acceptable goodness of fit 

( ��=  .01), while only two survey response questions from the U.S. met this condition.  In general, the 
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responses of the Swedish population is not higher or lower than the U.S. population means, but is more 

consistent within its own its own internal population. 

Table 3 – Chi-Square Scores 

 Question 1 Question 2 Question 3 Question 4 Question 5 Question 6 Question 7 

Df 4 4 4 4 4 4 4 

Chi-Square – U.S. 18.768 10.119 21.253 40.906 21.569 12.103 20.940 

Chi-Square – Sweden 7.189 8.908 3.349 30.543 .113 3.031 13.642 

 

Related to means and t-tests, the consumers accepted the null hypothesis for each of the seven 

hypothesis tests for each of the two separate populations, and the combined test as well.  Hypotheses 

that focused on consumer tolerances (H1, H2, and H7) were all accepted at the null hypothesis, indicating 

an ambivalent response regarding time and price tolerance relative to mass customization.  This may 

indicate more of a wait and see philosophy, neither committing a strong desire or unwillingness to 

participate in mass customization.  Perhaps as a surprise given the technical aptitude of the targeted 

samples (college students), the sample populations did accept the null hypothesis of requiring some 

physical assistance at the retailer, despite the higher mean scores for both populations.  This result 

indicates that despite a consumer’s comfort with the technology, he/she is not comfortable enough with 

a customer elicitation process to receive no assistance, or minor/virtual assistance in the customization 

process, as also indicated by Lee et al (2002).   

The hypotheses related to general perceptions (H3) and branding (H5 and H6) also accepted the null 

hypothesis for both populations, indicating a consistent blasé attitude toward branding initiatives for 

standard products (notion of routine) as may be considered with respect to mass customization 
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overtaking its place (via one to one marketing) relative to marketing initiatives.  As is likely the case for 

the other hypotheses, the consumer may be having trouble conceptualizing mass customization as a 

mass market product offering (from a mass market supply chain system, rather than a niche market 

system), therefore, impacting the results from this study.  Further studies should be conducted to 

determine if the support of the null hypotheses in this paper is an indication of a wait and see 

philosophy toward mass customization or a lack of ability to conceptualize his/her role in it, without a 

solid supply chain model in existence today.  In their study on radical innovation, Heiskanen et al (2007) 

warned researchers of assuming that low or ambivalent reactions are primarily due to ignorance.   

Implications to Mass Customization  

In general, the results from this study indicate a general ambivalence toward the concept of 

mass customization as a mass market alternative.  There is consistency from these results around an 

inelastic response regarding time, effort and price tolerance (consumers migrated around and below the 

mean, both of which will present a significant operational challenge to a conventional manufacturing 

and supply chain system); this is consistent with past research (Kramer et al, 2007; Broekheizen and 

Alsem, 2002, Kaplan et al, 2007; Franke et al, 2009).  The consistent message from past literature and of 

the results from this study of a consumer’s intolerance regarding price and time generally supports mass 

customization as a niche market offering that complements mass production. 

Despite these findings, it is inappropriate to assume that the results of this survey are an 

affirmation of mass production and standardized product offerings; to the contrary, the results from 

Question #3 indicate a willingness (and maybe even a stronger perspective) to consider an alternative 

that provides the right value proposition (e.g., Broekhuizen and Alsem, 2002).  Therefore, the results of 

the study seem to affirm a market evolution, as illustrated in Figure 2, but without a product design and 

fulfillment system to enable it to occur.  Mass customization has been defined as the consumer’s 

involvement in either a design or build/configure process, so the question is whether a virtual consumer 
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approach, such as generative customization, can achieve these objectives using a different 

methodology. 

 The Case for ‘Generative Customization’ 

Ambivalent consumer perceptions regarding branding (e.g., Dulsrud and Jacobsen, 2009), mass 

produced standardization (e.g., Pine, 1993), and mass customization (this study and others) are 

indications that consumers are willing to consider new models of product design conceptualization and 

fulfillment as an alternative.  Conceptually, a customer oriented design (e.g., mass customization) may 

be defined as optimal (Lee and Chang, 2010), but the results from this study and existing body of 

research has found that a mass market consumer may not be comfortable being primarily responsible 

for the design or configuration (even when he/she is technically competent, as inferred in H4).  

Traditional mass market design processes are defined by relationships and terms of geometric 

representations alone (Hanna and Turner, 2006), that enables efficiency, but restricts creativity and 

innovation.  Given that today’s design processes are restricted through finite agents and processes 

within a mass production supply chain system, or hampered by the limitations of customers in a 

customer as a co-producer process; as such, one-to-one marketing, or mass customization has yet to 

escape this design paradigm. 

As an alternative, generative design gives rise to emergent behavior and forms (Stocking, 2009), 

which harnesses complexity in a way that conventional marketing and supply chain systems have been 

unable to manage in either mass production or mass customization systems.  Convergence theory via 

deterministic methods of equation based models can lead to an optimal solution through an aversion of 

straying too far from the starting point, and its increasing predictability.  Traditional uses of computer 

aided design is a focus on a representation of the final form (Hanna and Turner, 2006) rather than a 

compilation of integrated and dynamic data.  In using a generative design alternative, the designers do 
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not build a product, but rather they make sets of instructions for others to do so.  In this sense, the 

designer becomes the facilitator rather than the inventor of the product form, utilizing consumer 

requirements data to do so.  Output is generated through rules or an algorithm and has the elements of 

design schema, a means of creating variation, and a means of selecting desired outcomes (Wikipedia, 

2010).  Therefore, generative design is the use of computation to allow complexity to enable creativity 

(Stocking, 2009), and the use of parametric design and ‘if-then’ operators, enabling this use of 

computation to be adaptive as well.  In this sense, generative design decouples the concept of design 

away from the consumer in a customer as a co-producer model. 

Through the use of generative design, it is possible to sketch the model and hundreds of variations 

by adjusting some very basic geometric parameters (Stocking, 2009).  Through computation power, 

computers are handling routine tasks that allow for hundreds or even thousands of parameters to be 

considered in design quickly and efficiently that was too expensive or time consuming in the past, and is 

beyond the processing power of a human alone.  As a result, a generative customization approach can 

support the inelastic consumer requirements relative to time and price from this study from an 

efficiency standpoint, without compromising a rich and effective personalization build process, solving 

for weaknesses in H1, H2, and H7. 

During the design process for generative customization, a static physical form of the product does 

not materialize, enabling the possibility of virtual customization.  Instead, an associative geometric 

representation is discovered, enabling the consumer and/or the manufacturer to have access to 

changing elements of the design throughout the entire building process; it is mentioned that the 

consumer and the manufacturer have access to changing elements because a generative customization 

process can support both generative customization (consumer involved to customized) and generative 
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standardization in a similar relationship as exists today between mass customization and mass 

production, respectively.   

In this design process, the environment, the consumer, the manufacturer, and even the product 

itself can regenerate, modify, and/or repair itself through input changes, and define parameters from 

other parameters, enabling the consumer and the entire supply chain system to gain personalization 

without having to control/constrain the design, per se.  A computation process of developing a 

generative customized design can occur not just as a function of geometry and physical form, but largely 

as a function of environmental effects, the behavior of the consumer and others, etceteras (Hanna and 

Turner, 2006).   

 ‘Generative Customization’ Model – Product Design Agent 

Figure 4 (from Buffington and McCubbrey, 2010) identifies how a virtual customer elicitation process 

is established, as an alternative to the concept of the customer as a co-producer.  In this setting, both 

unstructured and structured consumer data is gathered from public domains (such as social networking 

sites and market research) and normalized into a Universal Description Discovery and Integration (UDDI) 

agent, which acts as a repository, format agent, and clearinghouse relative to product designs.   

In a mass customization model of design, the consumer is tasked with establishing the one right 

design that is reflective of his/her preferences, which is not consistent with the cognitive process of how 

consumers choose products (e.g., Huffman and Kahn, 1998).  In Buffington and McCubbrey’s generative 

customization model, the use of evolutionary algorithms allows a multitude of innovative product 

designs to be established, starting in the repository as outlined in Figure 4, enabling a virtual creativity 

process as opposed to a personal one.  This appears to support a consumer’s ambivalence toward 

involvement, partially due to his/her inability to decide. 
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Figure 5 illustrates how the use of genetic algorithms in a generative customization model to 

virtually replicate an innovative and rational human cognition process.  Design elements are distributed 

to the genetic algorithm (GA) process, as is shown in Figures 3 and 5 with these design elements each 

possessing fitness elements analyzed given the criteria, as shown in Figure 3.  Product components must 

undergo a GA process that searches for the most fit solution relative to the other components of the 

product, and crossover/mutations can occur to develop one of many suitable solutions (for the designer 

and consumers to ultimately decide upon).   
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(Buffington and McCubbrey, 2010) 

A key element of Buffington and McCubbrey’s (2010) generative customization system design is the 

contention that an innovative product design is only such if it is able to be fulfilled efficiently.  The non-

linear nature of the generative customization supply chain system (as is illustrated in Figure 1) can 

address the need for being adaptive and able to self-organize within supply chain agents and the 

principle (consumer) in an efficient manner.  At least in concept, this system approach (the use of 

virtualization, non-linear systems, and evolutionary algorithms) appears to a viable alternative to mass 

production, being able to achieve near mass production efficiency, or better. 

Conclusions 

From the literature review, it was found that the study of mass customization in mass markets is 

a research challenge due to a lack of a general theory, governing tenets of customer choice theory, 
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insufficient progress at the present in establishing an effective customer elicitation process/tool, and the 

problem of convergence related to the use of linear, deterministic methods in seeking product designs 

through mass customization.  The results of the survey administered to the sample populations did 

nothing to reverse these concerns, with the U.S. and Swedish populations generally ambivalent 

regarding their perceptions, and willingness to participate in a mass customization conceptualization 

and fulfillment process for mass markets.   

While the results indicate that consumers do not perceive mass customization as a viable option 

to mass production, it also implies a willingness to consider other alternatives.  The findings of this paper 

support the notion that the concept of generative customization, as developed Buffington and 

McCubbrey (2010) offers an opportunity for improvement in comparison to these production systems.  

Separate from Buffington and McCubbrey (2010), this paper established clear differences between mass 

customization and generative customization as alternative systems to mass production.  Given the 

challenges associated with mass customization as a mass market alternative to mass production, and 

the consumer’s suboptimal perception of mass production as well, both points established in this paper, 

the trade-offs identified within a generative customization system should be empirically explored as a 

viable approach to product design conceptualization and fulfillment improvements.  The validation of 

the consumer’s role in the process, via this study, will enable future research to do so. 

Future Research 

In this study, generative customization was conceptually established as a potential alternative 

production system to mass production that should be empirically explored in future research.  First, an 

experiment should be conducted comparing a consumer’s evaluation of a virtual consumer approach to 

that of one’s active involvement as a co-producer (mass customization). After establishing consumer 

requirement parameters, the study can simulate product design results using generative customization, 
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and allow the consumer to compare these results to how they would perceive their own involvement in 

a process as a co-producer. 

Second, given the assumption that a generative customization system will achieve the same or near 

mass production efficiency, an agent-based modeling simulation can be undertaken to predict the 

accuracy of this hypothesis within a certain industry.  With consumer tolerance to time and cost 

requirements being relatively inelastic, it should be studied whether generative customization can 

achieve consumer tolerance levels. 

Finally, an individual case study in the use of generative customization at a specific firm would be 

useful to better understand how a firm might consider its use, and perhaps a more specific 

understanding of the benefits and drawbacks of doing so.  Boër and Dulio’s (2007) assertion of the lack 

of analysis of mass customization in specific industries is posed as a limitation in this study, and should 

be mitigated as a lesson learned in the future study of generative customization.  
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1. Introduction  

Despite the use of formal structured product development processes in firms today, such as the 

Stage Gate Approach, the failure rate of new products in many industries is as high as 90% (Friar and 

Balachandra, 1997; Customer Manufacturing Group, 2004), causing firms to become reluctant in 

pursuing innovation (particularly discontinuous innovation).  The mass production of standard products 

Abstract 

Purpose – The purpose of this paper is to address the problems of discontinuous product design, 
where designers are limited to local optimums that are constrained as a result of the complexity 
and need for collaboration of these problems.  In general, it is believed that discontinuous 
innovation is limited in use in firms and supply chain systems as an inability to balance consumer 
requirements, creative complexities, and supply chain collaboration.  

Design/methodology/approach – A comprehensive literature review was conducted, and from it, 
four propositions and a conceptual framework were developed.   

Findings - To address the problems, the authors developed a concept called generative 
customization to enable discontinuous product design, both in conceptualization and supply chain 
fulfillment.  This design is believed to enable greater discontinuous innovation through the use of a 
complex adaptive system design and fulfillment system, a virtual representation of the consumer, 
a self-organizing supply chain, and supporting emerging technologies. 

Originality/value – The paper has created the concept of generative customization as an end to 
end product design and supply chain fulfillment solution for discontinuous innovation. 
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has remained prominent largely due to its ability to reduce and eliminate all sources of change that 

engender additional costs (Duguay et al, 1997). It became, in effect, an effort to innovate through 

standardization.  However, over the last two to three decades, a shift has occurred requiring companies 

to evolve from a strategy of “economies of scale” targeted at homogenous markets, to offering high 

quality, innovative, low cost products to increasingly fragmented markets that do not seem viable within 

existing design and fulfillment systems.  As a result, these weaknesses in conventional approaches to 

product design and supply chain fulfillment, including the integration of the two, has become a major 

problem facing firms in an increasingly competitive global marketplace. 

While various research efforts have been undertaken to develop changes in product design 

approaches including consideration of the role of the consumer as a co-designer (eg, Yoon and 

Simonson, 2008; Zipkin, 2001), and marketing/supply chain fulfillment in new product development, 

(e.g. Kotler, 2003; Veryzer, 2005) few, if any, studies have identified how to develop a system of product 

innovation from conception to fulfillment.  Consistent with a reductionist position that espouses a view 

of mass production that any problem can be decomposed into various elements for solution, we argue 

to the contrary that innovation must be conceived and fulfilled adaptively and holistically, which is also 

supported through complex adaptive systems (CAS) research. (e.g. Holland, 1992; Pathak et al, 2007).   

Systems thinking (Bertanlanffy, 1969) and Complex Adaptive Systems (Holland, 1992) have been 

topics of research for decades, but it is only a recent event that the use of emerging technologies in 

computer-aided design and supply chain fulfillment, a holistic and adaptive end-to-end product design 

to fulfillment system can be established that is superior to the mass production paradigm.  Through a 

conceptual framework study, our research will consider the viability of emerging technologies and 

concepts related to product design and supply chain fulfillment in order to develop a conceptual 

framework to solve for discontinuous innovation.  A conceptual framework is described in the literature 
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as a set of broad ideas and principles taken from relevant fields of enquiry and used to structure a 

subsequent presentation (Reichel and Ramey, 1987).  When used properly, a conceptual framework has 

potential usefulness as a tool to scaffold research and, therefore, to assist a researcher to make 

meaning of subsequent findings (Smyth, 2004).  While a conceptual framework is intended to become a 

starting point for future empirical research, it is a necessary precondition to bring together existing and 

diffused research across multiple disciplines.   

Finally, future research opportunities will be addressed in the paper’s conclusions section. 

2. Literature Review 

To develop a conceptual framework for a product design and supply chain system for discontinuous 

innovation, we collected data from five discrete research searches related to mass customization (mass 

customization, marketing, operations, supply chain, and IT) using the six databases of EBSCO (3 search 

engines), ERIC, PubMed, and Scopus.  Literature was reviewed for relevance to the topic and from 

relevant articles, and the references from these articles were reviewed and added to the reference list.  

The development of a conceptual framework from these articles was formulated through an iterative 

process of reading journal articles, collecting additional literature, establishing and refining the 

“conceptual framework”.  For this research study, the act of conceptualization is the act of thinking 

through and seeing beyond existing ideas to discover higher order ideas from within one’s own mind 

(Sedgeman, ND).   

A critical review of the literature is presented in this section.  Our discussions include new product 

design, product design methodology, product design and consumer behavior, product design, marketing 

and supply chain fulfillment, and product design and information technology (IT).  These topics shall be 

discussed in consideration of these three emerging topics of technology.   

2.1 Product Design and Innovation 
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Today, firms are under great pressure to achieve new product introductions that are typically very 

expensive to conceive and market (Urban and Houser, 1993).  A conventional or scientific approach to 

design – one that requires complete representation of the problem and identifies an optimal solution – 

is based on the assumption that the market environment is stable (Garud et al, 2008), which is 

frequently not the case today.  In response to this problem of complete and static design representation 

amidst increasing consumer volatility and personalization requirements, concepts such as form 

postponement have been available in operations and design literature for decades (e.g., Alderson, 1950) 

yet with little impact to the overriding problem.  Various other concepts and automation tools (e.g., 

computer-aided design [CAD] tools) have enhanced processes, yet a conventional approach to product 

design and ensuing supply chain fulfillment practices has remained largely unchanged.   

While product design techniques have become stale and outdated related to their inability to design 

and deliver product innovation (Duguay et al, 1997, Kenney and Florida, 1990), extant literature has not 

adequately demarcated the design and fulfillment requirements between incremental and 

discontinuous innovation either.  Discontinuous innovation requires discontinuities to existing 

technologies, structures, markets, and methodologies requiring firms to exhibit new problem solving 

skills (Garcia and Cantalone, 2002), which is quite different from incremental innovation, which enables 

a progression of the new design from the preceding one.  Reid and deBretani’s (2004) study found that 

the impetus for discontinuous innovation occurs in the opposite direction as that from incremental or 

routine design, requiring appropriate differences in methodology.  Utterback (1995) defined 

discontinuous innovation “as a change that sweeps away much of a firm’s existing investment, skills, 

knowledge, designs and techniques”.  Reid and deBretani’s (2004) findings further noted that 

discontinuous innovation is typically unstructured and brought into an organization by individuals 

without activities being explicitly directed statically by a few individuals; the challenge, of course, is to 

enable the creativity of a few throughout the entire supply chain process. 
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Griffin (1997) noted the importance of the fuzzy front end relative to the success rate of 

discontinuous innovation, but this concept is not well understood in research, and there is a lack of 

interconnectivity between a product design concept and supply chain fulfillment related to this concept 

to enable fuzziness throughout the supply chain.  A term popularized by Smith and Reinertsen (1991), 

the fuzzy front end is the earliest stage of the new product development process (the ideation of new 

ideas).  Brun et al (2009) developed a model for the management of ambiguity in the fuzzy front end 

through the management and separation of subject and source dimensions in order to sustain and 

reduce uncertainty at an optimal level.  Koen et al (2001) identified the front-end as the key-

contributing factor for new product innovations, and Cooper and Kleinschmidt (1988) found high failure 

rates related to insufficiencies and attention paid to the fuzzy front end.   

Given its very nature, the concept of the fuzzy front end is often controlled through a small group of 

individuals as opposed to an aggregate and collaborative process and environment, which can restrict its 

connectivity to the entire product development and fulfillment process.  Reid and deBretani (2004) 

found this process to originate and be initiated “by individuals operating as boundary spanners and 

gatekeepers for the firm”.  Therefore, while various researchers have found the importance of the fuzzy 

front end process to discontinuous innovation and its impact to creativity, it has correspondingly been 

found to have an adverse impact to collaboration and fulfillment as a result.  Thilmany (2009) found that 

perhaps this is due to a lack of a thorough understanding of the role of industrial design and marketing 

in a radical (discontinuous) product design process, as is the case with a continuous product process, 

and even a lack of clarity regarding a definition of the term design as well.   

To the contrary, in conventional product design environments, the role of industrial design is 

primarily to define the interaction between a product and user, taking into consideration both 

production and consumption elements (Ulrich and Eppinger, 2004), the connectivity that is often lacking 
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in creative processes.  As such, industrial designers can influence and participate in the manufacturing 

and supply chain process, and in market research (Veryzer, 2005), yet on a limited basis.  Product 

engineers like the simplicity and flexibility of a modular approach to enable incremental innovation, 

which is useful for some products, but not for others (MacDuffie and Fujimoto, 2010), but even this 

approach can also lead to product development complications that can quickly escalate at exponential 

rates.  Relative to the involvement of the consumer in this creative process, Veryzer (2005) found the 

usefulness of the consumer in a discontinuous design process to be problematic, while there does not 

appear to be sufficient evidence to suggest that most consumers can support the requirements for 

discontinuous design.    

Sanders’ (2008) 2x2 design practice matrix, as shown in Figure 1, illustrates the issues identified in 

this section of the literature review regarding collaboration in the design process.  Across the x-axis is a 

continuum of an expert mindset (to the left), which is largely represented by an auteur-like design, as 

identified often in fuzzy front end models.  A participatory mindset, to the extreme, can be represented 

through a customized design, where the consumer is a co-designer, and actively involved in the process.  

Across the y-axis is a continuum of research versus design led, relating to the degree to which an 

innovation is empirically versus creatively generated.  The design practice for discontinuous innovation 

has not been well understood in research, particularly related to an end to end system from design to 

fulfillment. 
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Figure 1 – Map of Design Research (Sanders, 2008) 

 

 

From this matrix and the literature review of discontinuous and incremental innovation in product 

design, we find the primary issue being the trade-offs consciously and unconsciously being made 

between collaboration and complexity in the overall supply chain process.  Veryzer (2005) also found 

this problem as critical, noting that the delineation of marketing and industrial design roles in a 

discontinuous innovation process to be hampered by the complexity of the phenomena as well as the 

lack of empirical studies to foster conceptual development.  Furthermore, the studies have tended to 

focus on identification and analysis of the problem rather than the development of a methodology in 

mitigating the problem. 
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 2.2 Product Design and Generative Design 

In consideration from Section 2.1, it is clear that design practices for discontinuous innovation must 

undertake a creative and unstructured process.  To the contrary, McCormack et al (2004) found that 

established design practices may be inadequate or insufficient if expected to extend beyond simplistic 

desires of consumerism and the validation of corporate ideologies.  Traditional processes and sequences 

of market research undertaken before engineering still varies by industry (Balakrishnan and Jacob, 

1996), but linear programming remains the dominant supportive technique to design (Garud et al, 

2008), although, there is a growing sentiment in defining this process through the use of evolution (Lee 

and Chang, 2010).  Therefore, through the introduction of the digitization of design, the use of 

evolutionary methods, and computing power, there has been a greater acceptance of flexibility, chance 

and adaptation (McCormack et al, 2004), as opposed to the decomposability in products to its 

components that was tied in principle and practice to a mass production paradigm of design (Garud et 

al, 2008).   

With the conventional product design process being expensive, arduous, closed, and often 

unsuccessful, attempts at creativity and innovation become more of a one shot affair rather than an 

outcome of continuous efforts (Liu et al, 2004).  As an alternative to these conventional practices, 

generativity as a concept refers to an evocative power or aptitude that can result in producing or 

creating something (Weick, 2007), which becomes more of a process than a final result.  Therefore, the 

goal of a generative design process is not to generate a final design, per se, but rather the creation into 

production of an artifact and experience (McCormack et al, 2004).  As a result, Stocker (2009) found that 

through the analysis of large amounts of data, teams can test different design configurations and receive 

feedback quickly.  Using this approach, solutions can be automatically generated that enable the 

designer/user to focus on human intervention related to preferences.   Generative representations use 
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compact representations of existing design knowledge and mappings that translate these 

representations into actual designs (Kicinger et al, 2005).  Therefore, creative designs can be more easily 

generated without the burden associated with incremental automated iterations.  

Generative design processes enable complex relationships to form rather than undertaking a 

reductionist approach and simplifying them for the sake of the supply chain system.  McCormack et al 

(2004) found generative design to be defined in terms of dynamic processes and their outcomes.  

However, in the use of creative evolutionary systems (CES), entirely new designs can be generated from 

little or no knowledge guided by the process (Kicinger et al, 2005) rather than the designer. This, 

however, raises concerns as to whether a ‘black-box’ design approach can be supported in the back-end 

through the supply chain fulfillment processes.  Avital and Te’eni (2009) defines these generative 

schemes as “simple recipes that allow anyone with basic skills to create or put together”, suggesting that 

“simple instructions will lead to infinite variations”.  Therefore, while conceptually it appears to be 

viable to consider generative designed products for the achievement of discontinuous innovative 

designs, as conceptually is illustrated in Figure 2, there is little research evidence to suggest that this 

may be possible in practice, beyond a few industries, such as architecture, music and software 

development. 

Figure 2 – Generative Design Flowchart 
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 The use of generative design in a product design methodology for discontinuous innovation 

appears to offer strong possibilities.  Avital and Te’eni (2009) noted “the ability within this process to 

readjust to the changing environments and needs makes generative schemes a timeless pattern within 

human experiences”.  McCormack et al (2004) noted the following properties for generative design that 

also appear to be useful in discontinuous innovation: 

� The ability to generate complexity, many orders of magnitude greater than their 
specification. 

� The complex and interconnected relationship between organism and environment. 
� The ability to self-maintain and self-repair. 
� The ability to generate novel structures, behaviors, outcomes, or relationships. 
� Niche markets develop broad use and popularity while others disappear altogether. 

In a complex adaptive system (CAS) environment, as will be described in the next section, the 

design of a product within a product development lifecycle takes on a new paradigm; instead of the goal 



92 
 

being clear boundaries, stable preferences, and fixed goals (Simon, 1981), the goal is not a completed 

design, in final form, but rather a continuously evolving one.  In designing for incompleteness through 

generative design, the lines are blurred between a designer and user, and the generative facet of 

incompleteness is fostered by partial partitioning (Garud et al, 2008).  The use of a product design 

process that supports an incomplete design and process over final form appears to offer great 

advantages in the achievement of discontinuous innovation in comparison to conventional 

methodologies. 

2.3 Product Design and Evolutionary Algorithms 

A complex adaptive system (CAS) is defined as “a dynamic network of many agents acting in 

parallel, constantly acting and reacting to what the other agents are doing” (Waldrop, 1992).  Pathak et 

al (2007) proposed that a complex adaptive supply network (CASN) be viewed as a CAS consisting of 

interconnected autonomous entities that make choices concerning adaptation and survival.   Supply 

chains become living systems, and as such, these systems must change continuously in order to survive 

(Holland, 1992).  The use of evolutionary algorithms (EA) is emerging as a concept to treat the product 

design and fulfillment process as a living system that must evolve in order to survive, which can enable 

discontinuous innovation as a result. 

A genetic algorithm computation search technique is a method of evolutionary algorithm that 

utilizes techniques established in biology to find exact or approximate solutions to a problem.   

According to Holland (1992), genetic algorithms can provide solutions “by harnessing the mechanisms of 

evolution, researchers may be able to ‘breed’ programs that solve problems even when no person can 

fully understand their structure”.  Much different from linear representations, solutions of genetic 

algorithms are not clearly understood by a designer until interaction occurs, and the best solution 

becomes a subjective interpretation.    Chase (2005) called this a “non-classical computational process” 
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that is more concerned with results, with less understanding on the designer’s part of how the results 

are achieved, and the process akin to a ‘black box’.  As a result, the messiness of a potential solution 

provides a paradigm shift in thinking away from a mathematical right or wrong mentality toward a less 

definitive analysis of a problem.  Once structures and rules are defined (e.g. requirements), the 

computation process of calculating incremental design solutions is relatively simple and inexpensive to 

establish, which leads to fewer difficulties in implementing a generative design process. 

In comparison to traditional analytical techniques of optimization where every possible design 

permutation is to be considered, or a human auteur approach that does not rely upon analytics at all, 

the use of heuristic procedures, such as genetic algorithms, can offer an effective approach to 

discontinuous design possibilities.  According to Albritton and McMullen (2007) the use of heuristic 

procedures allows the product design problem to maintain a richness of information, without having to 

overly constrain the problem by limiting complexity.  However, despite the advancement of computers 

in solving complex problems, these algorithms cannot take into account human cognition (Liu et al, 

2004), and limitations must be considered.  Therefore, in comparison to a more rigid, pure optimization 

approach enabled through an equation based modeling (EQM) approach through the use of linear 

representation of objects in a product design, a more flexible approach when using genetic algorithms 

appears to be an innovative approach for future studies.  Chase (2005) defined this as a “post-

computational design process” in which form exploration occurs, and the underlying rules are fluid or 

unknown to the designer, who makes the final decision.   

Earlier uses of genetic algorithms focused on optimization rather than heuristics, leading to more 

limitations in defining the environment, and relying almost entirely upon the analytical results.  Given 

that computers cannot replicate human cognition when it comes to product design, approaches to 

genetic algorithms that enables creative interaction appears to be optimal in product design.  Goldberg 
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(1991) presents an initial view of how genetic algorithms can assist in the conceptual design phase, but 

not in the fulfillment of these designs.  Lee and Chang (2010) utilized an interactive genetic algorithm 

(IGA), allowing the IGA to interact with the user to perceive emotions or preferences, which are 

important in this process.  This allows a genetic algorithm to be extended into disciplines that require 

human involvement into a decision process, rather than a sole reliance on computation.  Furthermore, 

instead of the fitness function being static and predetermined, an IGA process will allow for it to become 

subjective and able to change throughout the course of the design process, enabling greater flexibility 

and involvement from the designer or even the user.  In their study, Lee and Chang (2010) allowed the 

designer to become interactive with the IGA methodology in a manner that would not have been 

possible through a conventional GA process. 

While the use of genetic algorithms is perhaps the best known evolutionary approach for product 

design, other methodologies should be considered as well that might be more appropriate for use in 

discontinuous innovation, such as Scatter Search and Path Relinking (Glover et al, 2000) as a possibility.   

2.3 Product Design and Consumer Behavior 

The left hand side of Sanders (2008) model shown in Figure 1 represents a definition of design 

where the user is seen as a reactive informer versus an active co-creator.  In a conventional model of 

design, users have typically been relegated to this role, while research in marketing, such as Holbrook 

and Hulbert (2002) has suggested a migration to a customer centric design approach is emerging.  Earlier 

market researchers such as Smith (1956) found product differentiation and market segmentation to be 

consistent with the framework of imperfect competition, leading to customization (customer centric) as 

being a possible strategy for achieving a greater emotional bond from the consumer through the closest 

representation of personal need achievement.  Pine (1993) later noted that the passive reactive 
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informer role of the consumer in a mass production system had become outmoded and was no longer 

effective; as a result, mass customization was the final frontier to marketers, as is shown in Table 1. 

Table 1 – Mass Production versus Mass Customization (Pine, 1993) 

Mass Production Mass Customization 

Stable demand Fragmented demand 

Large homogenous markets Heterogeneous niches 

Low-cost, consistent quality Low-cost, high quality 

Standardized goods and services Customized goods and services 

Long product development cycles Short product development cycles 

 

However, despite the promises of mass customization, as noted by researchers such as Pine 

(1993) and Davis (1987) and many recent others, there is no evidence to support consumer involvement 

in the design and production process as a viable alternative to the issues associated with a passive role 

of the consumer.  For example, Kumar et al’s (2007) content analysis review of mass customization 

rendered no justification of it being correlated to product innovation.  Bharadwaj et al (2009) conducted 

surveys and found that only prospective buyers who possess strong preference insight prefer 

customization, and standardized systems should be proposed to buyers who do not. This suggests that 

mass customization does not have universal appeal with consumers.  Dellaert and Stremersch (2005) 

came to similar conclusions, asking consumers to customize PCs, and found that consumers with high 

levels of product expertise considered mass customization configurations less complex than consumers 

with low levels of product expertise.  Franke and Steger (2009) found that mass customization efforts 

can only be effective if consumers actually have well-defined preferences, and are sufficiently aware of 

them.  From these studies, as well as others (Kramer, 2007; Simonson, 2005; Ghosh, 2006) mass 

customization has not been found to have universal appeal. Therefore, at least relative to discontinuous 
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innovation design, the right hand view of Sanders (2008) Product Design Chart of the consumer as a co-

producer has yet to render justification from existing literature. 

Consumer involvement in the design and production process is not supported through research, 

as Buffington (2010a) found in his survey regarding a consumer’s willingness to participate in a mass 

customization process.  Consumer research does acknowledge a “customer choice paradox” (Lee et al, 

2002), stating a consumer’s dissatisfaction with existing methods of selection.  Efforts to scaffold 

responses from consumers to achieve greater participation have not succeeded yet as well.  In general, 

consumers have difficulties making decisions with respect to preferences due to limited information 

processing of humans, lack of technical knowledge about the product and customer ignorance of his or 

her needs (Blecker and Friedrich, 2007).  Zipkin (2001) found that elicitation is hard and customers have 

trouble deciding what they want and communicating or acting upon these decisions.  Despite innovative 

approaches to customer elicitation identified by various researchers, and benefits associated with the 

customer involvement in the process, as identified by Broekhuizen and Alsem (2002), Berman (2002) 

found that the techniques need to improve dramatically in order to make a difference, and Terwiesh 

and Loch (2004) noted that the topic is under researched.  In general, Lagrosen (2005) found a lack of 

formal methods regarding customer involvement, which makes it difficult to achieve and measure 

performance.   

From the extant literature review, a paradox exists: despite the consumer’s preference for 

discontinuous innovation, a discontent regarding the standardized products from mass production (Pine, 

1993), and a willingness to consider a new approach such as mass customization (Buffington, 2010a), 

this same consumer is unwilling to sacrifice sufficiently (Buffington, 2010a), and there is no empirical 

evidence to support that a consumer is ready for a mass customization approach (Bardacki and 

Whitelock, 2003).  To further substantiate this problem, Heiskanen et al (2007) found that a consumer’s 
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disinterest in discontinuous innovation may be for reasons other than a lack of understanding of the 

concept, and as a result, companies need to understand consumer disconnects to innovation in greater 

detail. 

2.4 Product Design, Manufacturing, and Supply Chain Fulfillment 

Researchers have found that traditional manufacturing processes, such as linear and sequential 

systems of production and distribution remain prevalent today (Pitimaneeyakul et al, 2004) that make it 

more difficult to create and fulfill discontinuous product designs.  In their study, Yang et al (2004) found 

that a strong link exists between the design of a product and the accompanying supply chain, requiring 

firms who wish to participate actively in discontinuous product design conception and fulfillment system 

to study their back-end fulfillment systems as well.   

To enable product innovation, researchers have identified the significance of concurrent 

engineering and modularity as critical to enabling innovation in product design (Kincade et al, 2007; 

Kundu et al 2008; Zwerink et al, 2007; Mikkola and Gassmann, 2003; Ulrich and Eppinger, 2004).  

However, despite its prominence in research, Ro et al (2007) found few companies that have enabled 

innovation through adopting this approach, largely due to varying definitions of the term modularity.  

Gerhsenson et al (2003) noted that, “a science of modular design” would be useful for progress to be 

made, justifying elements of product design to be more research-led (tied to Sanders, 2008 chart) rather 

than unstructured.   

The conventional manufacturing centric definition of most supply networks, as is illustrated in Figure 

3, emphasizes the lack of collaboration required between manufacturers and their suppliers.   

Hanafizadeh and Sherkat (2009) note that it is probable that supply chain entities (i.e. agents) have 

different objectives at any one time, and that these objectives might not be accomplished 

simultaneously, and may be in conflict with one another.  de Treville et. al. (2009) found that today’s 



98 
 

relationships between uncertainty, flexibility, and performance are much more complex than the 

traditional formulation found in much of the literature, which can compound agency problems.  Blecker 

and Friedrich (2007) stated that collaboration must occur throughout the entire process, through 

information technology, and Hanafizadeh and Sherkat (2009) found that the main reason for the 

malfunction of ordering and stock management (collaboration) is the lack of information sharing in the 

supply chain.  McCoy et al (2009) conducted a survey which supported the use of cross-functional 

collaboration within a supply chain to enable product innovation and commercialization.  Hong et al 

(2004) showed through a survey of U.S. automotive engineers how different approaches to sharing 

knowledge between consumers, internal departments and suppliers positively impacted the product 

development process. 

 

Parunak et al (1998) 

From our literature review, we found a consistent stream of literature advocating a collaborative 

design and supply chain process for incremental innovation, but little representation to the conception 

and fulfillment of discontinuous product designs: agents (primarily the dominant manufacturers) 
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involved in the process are willing to participate in seeking incremental process improvements, primarily 

focused on efficiency, but not on the radical, open innovation (Chesbrough, 2003) improvements 

necessary to spur innovation.  Further, a lack of standardized and structured data across supply chain 

systems has a detrimental impact on innovation as well.  While concepts such as product modularity 

have been found as important to manufacturing competitiveness, we agree with Ahmad et al (2010) 

who found that inter-functional design coordination (IDC) is more critical to manufacturing 

performance.  Their definition of IDC is consistent with concepts that we are defining within a generative 

customization framework, as it pertains to the definition of a supply chain system as a complex adaptive 

system (Buffington, 2010b). 

2.5 Product Design and Information Technology 

As introduced in Section 2.4, information technologies (IT) must play a critical role in enabling 

innovation in product design within a supply chain.  Blecker and Friedrich (2007) found that 

collaboration must occur throughout the entire supply chain process, and must be enabled by IT.  Yet for 

many large companies, the term collaboration and integration have been convoluted to infer the same 

concept, even if they are very different in nature.  Akkermans et al (2003) found that the advantage of 

an enterprise resource planning (ERP) system being fully integrated may become a strategic 

disadvantage in the new business environment of modularity and open/flexible systems.  With so many 

companies considering ERP tools to be the backbone of supply chain management (Koh et al, 2006), and 

these tools being primarily focused on intra-firm integration rather than inter-firm collaboration, various 

research studies (Hendricks, 2007; Moon and Phatak, 2005, Hsu and Chen, 2004) have identified the 

limitations of the utilization of ERP systems in fostering collaboration.  From this review, we find that the 

use of IT for collaboration must be considered as critical to achieve discontinuous product design 

innovation, which is assumed to take place most effectively in an open innovation environment.   
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Since the latest supply chain research states success to be a function of managing complexity across 

individual firm and/or department relationships, leading to a complex array of interdependent variables 

(Koh et al, 2006 and Forman and Lippert, 2005), there is a growing need for an agent-based modeling 

(ABM) element to exist within today’s IT tools, even though it does not presently, to any degree of 

magnitude.   

Related to the needs of collaboration across a supply chain, the use of agent-based modeling in 

supply chain systems is a relevant topic in extant literature.  In contrast to linear based equation based 

models (EBM), agents in agent based models are each considered to have their own thread of control 

whereas in standard object models, there is a single thread of control required (Jennings, 2000).  From a 

technology perspective in identifying supply chain relationships, Nilsson and Darley (2006) found objects 

to be passive, not undertaking action until a command or message is executed whereas agents have 

their own internal mechanism for involvement.  Therefore, the emergence of agent based models (ABM) 

in the design and fulfillment of discontinuous innovation appears to be an appropriate tool for the 

utilization of discontinuous innovation within a supply chain system. 

 Finally, the digitization of data provides an enormous opportunity for improvement in the 

product innovation process through both collaboration of structured data within the supply chain, and 

the use of a generative design process, including a genetic algorithm search technique.  Oxman (2006) 

called this the “logic of repetition”.  As such, and referring to Sanders (2008) model, product innovation 

can be enabled by pushing many innovation processes below the x-axis, not as a result of creativity, but 

rather the rationalization of normal routines to improve collaboration and achieve enhanced design 

through a high volume of possibilities made possible due to computer applications (e.g., genetic 

algorithms searches) supporting generative design.  Therefore, generation and interaction in digital form 

are considered fundamentally different than generation and interaction in free form (Oxman, 2006) of 
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either human creative design and/or lack of supply chain collaboration.  Through the development of 

computer constructs, using computer-aided design, the designer becomes the facilitator of the process 

rather than the designer, per se.  Helms et al (2008) found computer aided design (CAD) able to not only 

digitize the alteration of component patterns, but also the ability to integrate this information within the 

supply chain system.   

From our literature review of the role of IT in discontinuous product design conception and 

fulfillment, we believe it to be the most critical factor for creating a paradigm shift within firms to move 

to a more radical environment and truly seek innovation.  Markides et al (2006) found that developing 

radical innovation concepts is easier than the fulfillment of them, and IT is a critical factor in achieving 

fulfillment.   

3. Propositions from this Study 

From the literature review, we have established the following propositions as reflective of the 

requirements of a product design and supply chain system for discontinuous innovation:  

 
 P1: Discontinuous innovation requires an incomplete and dynamic product design, supported and 
integrated within a supply chain defined as a Complex Adaptive System (CAS). 

 

From the literature review, Sanders (2008) 2x2 box illustrated the challenges associated with 

balancing complexity and collaboration within a discontinuous innovation process.  A product design 

process must be able to extend beyond individual human cognition while not being constrained early 

within the process as a static and complete representation (Garud et al, 2008). Market environments are 

unstable, requiring product designs to be composed from fuzzy processes (Griffin, 1997), and in an 

incomplete state of design later in the process (Garud et al, 2008).  For this to occur, the supply chain 
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fulfillment system cannot be a linear based system of conventional supplier relationships as illustrated 

by Parunak et al (1998) that is manufacturer centric, but rather a self-organized system (Holland, 1992) 

that is an open innovation model (Chesbrough, 2003) that enables innovation through the supply chain 

system (McCoy et al, 2009) via inter-functional design elements (Ahmad et al, 2010).   

A product design and supply chain system modeled after a Complex Adaptive System (CAS), as noted 

by various researchers (Pathak 2007, Kicinger, 2005, Buffington, 2010b) has been conceptually 

determined without being substantiated through empirical research.  Despite the shortcomings in the 

validation of a CAS supply chain, contextual differences established between incremental and 

discontinuous innovation requirements (Garcia and Cantalone, 2002,  Reid and deBretani (2004) 

generally supports the notion that discontinuous innovation will not succeed within conventional and 

siloed paradigms of design and fulfillment.  Therefore, we believe that identifying P1 as an important 

step in identifying an end to end product design to supply chain fulfillment system is the next step 

forward in building upon these research findings. 

Next, Proposition P2 is as follows: 

P2: In the development of discontinuous innovation, it is neither optimal for consumers to be 
passively or actively involved (as is demarcated in Figure 1), but rather virtually involved through 
the use of emerging technologies, for the improvement of product design and fulfillment 
possibilities.   

 

From the literature review, it was found that marketers have for decades contended that 

product design techniques must shift to the right (in Sanders, 2008), as is also validated through 

Holbrook and Hulbert (2002) in a migration to a customer-centric approach to design and fulfillment.  

However, despite the promises associated with this final frontier of personalization and mass 

customization (Pine, 1993), there is a wide body of evidence suggesting these marketing techniques to 

be disproven or limited in practice and preference of consumers (Bardacki and Whitelock, 2004, Kumar 
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et al, 2007, Bharadwaj et al, 2009, Dellaert and Stremersch, 2005, Franke and Steger, 2009, Buffington, 

2010a).  We believe that an extension of Sanders (2008), as shown in Figure 1, should include the third 

option of a virtual representation of consumer behaviors and preferences as a more viable alternative in 

support of discontinuous innovation within a product design and supply chain fulfillment system.   

A virtual representation of the consumer offers many advantages in a design and fulfillment 

process.  One, the use of generativity (Weick, 2007) enables process focused and experiential feedback 

that translates seamlessly into a dynamic and incomplete approach to design and fulfillment.  In 

comparison, conventional approaches to design are more form (rather than function or process) 

focused, and experiences are less represented when final form (Oxman, 2006) must be established 

earlier in the process.  Two, generative design techniques are able to generate more design possibilities 

than a conventional approach (Stocker, 2009, Kicinger et al, 2005), increasing the possibility of global 

rather than local optimums.  Finally, a virtual representation of consumer requirements generally 

supports a dynamic and incomplete process of design (McCormack et al, 2004), which cannot occur as 

easily in a passive or active consumer process. 

As discussed in Section 2.3, research has found consumers to be unwilling and unable to extend 

themselves in participation and selection processes unless they are experts relative to the product that 

they are purchasing.  Even in routine design opportunities, consumers have difficulties in participating in 

the process.  However, this does not necessarily translate into a lack of interest regarding discontinuous 

innovative products; to the contrary, many consumers seem to be bored today with standard, routinely  

designed products and therefore focus on price rather than product differences, as was noted by Pine 

(1993) almost twenty years ago!  The use of technology related to how a consumer can be virtually 

represented will be presented in Proposition P4, however the process of virtual representation must 

include both enabling technologies and human cognition in order to achieve discontinuous innovation. 
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Proposition P3 addresses the needs of the supply chain fulfillment process in a system to support 

discontinuous innovation, as follows: 

P3: A supply chain system for discontinuous innovation, by definition, and in consideration with 
Proposition P1, cannot be a static and linear representation of agents, but rather must possess 
self-organizing and impermanent properties, with agents (suppliers) organized around an 
original equipment manufacturer (OEM) and a target consumer base.   

 

The concept of a complex adaptive supply network (Pathak, 2007) is not new in extant research, 

although no studies have been found relating it to discontinuous product design and fulfillment.  As 

identified from the literature review, it is proposed that only a CAS product design and supply chain 

system can enable the radical designs required in a discontinuous innovation process.  Parunak et al’s 

(1998) static supply chain system, as illustrated in Figure 3, provides structural limitations through the 

limitation of relationships between OEM’s and their suppliers, and the involvement of the consumer in 

the process.  Through the linkages of a supply chain system with design (Yang, 2004), and the 

consideration of this system as complex (deTreville, 2004), the obvious conclusion is the consideration 

of this system as a complex adaptive system.  Yet, we have not found research that truly defines a 

supply chain as such to include self-organizing, self-maintaining and self-repairing (McCormack et al, 

2004), which is much different than what was discussed in the studies noted above. 

If we are to define a supply chain system as self-organizing, and not static in its relationships, there 

are limitations to the use of equation based modeling approaches (EBM) that reduces the capabilities of 

complexity.  Parunak et al (1998) studied the differences between an equation based modeling (EBM) 

approach and an agent based modeling (ABM) through the use of the DASCh (Dynamical Analysis of 

Supply Chain) project, finding that the former commences with a set of equations while the latter 

focuses on the interaction between agents, focused primarily on the process.   
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Both research in innovation studies (Chesbrough, 2003) and supply chain environments (McCoy et 

al, 2009, Buffington, 2010b) have justified the concept of open self-organizing supply chains in concept, 

although not in relationship to discontinuous innovation.   We believe that a supply chain network of 

static relationships cannot enable discontinuous innovation by its very nature.   

The last proposition, Proposition P4 finds: 

P4: Through the development and use of the enabling technologies of generative design, 
evolutionary algorithms, and agent-based modeling, Propositions P1, P2, and P3 are possible 
through a solution called generative customization. 

 

We believe that the concepts of Proposition P1 (CAS design and fulfillment system), P2 (virtual 

representation of the consumer), and P3 (self-organizing supply chains) are only possible today through 

the emergence of the generative design, evolutionary algorithms, and agent-based modeling tools 

within emerging technologies, which provides enormous improvements in the possibility of 

discontinuous innovation.  Each of these solutions in combination within a product design and supply 

chain fulfillment system is called generative customization, as will be outlined in this section. 

From our literature review, a discussion of conventional design was presented as a limitation to 

the possibilities of discontinuous innovation.  The problem with classical methods of design is that the 

human designer starts at a single point in the search space (as a solution to the design problem), and 

searches for a better solution in the direction of the gradient of the goal function (Renner and Ekart, 

2003), leading almost certainly to a local optimum solution.  In the use of mathematical convergence, 

there is an increasing likelihood of possible solutions moving predictably toward one another, therefore, 

an increasing preference toward a certain outcome.  In more complex and even discontinuous design 

problems, a human product designer is naturally restricted by the complexity of the problem and must 

resort to reductionist techniques, as well, focusing on his/her subjectivity to define a creative process.  
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In general, Figure 4 illustrates the differences between the use of a local optimum and the limitations of 

an individual designer versus the use of a computer and a genetic algorithm.  In comparison to a global 

optimum, a local optimum presents only one optimal solution, while the global optimum presents many 

acceptable (if not optimal possibilities).  Therefore, in Sanders (2008) map of design research, as is 

shown in Figure 1, an expert mindset, by itself, may provide creative capabilities, and even fuzzy front 

end logic, but by definition, will be restricted through the use of the (human auteur) local optimum.   

A human designer alone using classical techniques typically follows a gradient method.  A 

genetic algorithm can utilize multidirectional search techniques, enabling greater search possibilities.  

From the literature review, Chase (2005) called this a “non-classical computational process” that strays 

from traditional analytical techniques.  Through this approach, a larger region of the solution space is 

searched for acceptable designs, while a designer using a classical method will typically have finite 

resources, and have to restrict searches to a specific area close to the starting point.  Although a 

computer search cannot perform a creative process, per se, it is able to create superior and more 

plentiful design possibilities through the use of simple routines (maintain solutions, allow for the fitter 

to survive, and mutate, let the less fit die).  Therefore, instead of optimization being associated with a 

designer’s experiential preferences or a classical equation-based technique (such as gradient method), 

the use of evolutionary search techniques within this generative customization process can create 

greater options, enabling the designer to facilitate a process rather than creating a single design.  As 

Bentley and Corne (2002) found, genetic algorithms are not creative, but greatly enable the human 

creative process. 
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While the search space, as shown in Figure 4 is intended to be extensive, it cannot be infinite 

from a process standpoint.  If the search space is too large, the development of product design 

representations may be too complex; if it is too small, the complexity of the problem diminishes along 

with the possibility for innovation.  To balance the needs between input data into the generative 

customization process that is largely unstructured within a large search space, but limited to usable 

parameters, we are proposing the use of a Universal Description, Discovery, and Integration (UDDI)-type 

gene library to serve as a clearinghouse to solicit data, acquire it from structured and unstructured 

sources, and categorize and distribute it for use in firm product design processes.  A basic illustration of 

this process is represented in Figure 5 below. 
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In justification of the use evolutionary algorithms as a search technique for generative 

customization, as is noted above, in support of Proposition P1, and in support of open systems 

(Chesbrough, 2003) that must be encouraged to enable discontinuous innovation, this gene library will 

seek to balance creative design possibilities from an open and almost infinite community while 

structuring and organizing the data for use in evolutionary algorithm techniques, such as genetic 

algorithms or scatter search, as is noted in this paper. 

We believe the development of product innovations should follow an open innovation 

approach, with product design components being developed in an open source versus closed forum, 

adhering to the upper right hand corner of discontinuous innovation of Sanders (2008) matrix.  One of 

the limitations of a genetic algorithmic approach is the danger of cross-mutation within a finite and 

static data source, leading to a lack of innovation through optimizing using the same data.  Through the 
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use of a UDDI-like entity continuing to solicit and acquire data from public sources, a continual refreshed 

set of data will be available within the design universe to create innovation.  From an IT standpoint, this 

becomes a foundation for the avoidance of systems that focus on integration, rather than collaboration 

(Akkermans et al, 2003) across an entire supply chain, and enables the support of Proposition P3, the 

utilization of a self-organizing supply chain.   

With the data source for this generative customization process being supported through open 

systems (Chesbrough, 2003), and supporting a global optimum and evolutionary algorithms, we have 

developed a general illustration of how a human designer and evolutionary algorithm process would 

interface in the creation of discontinuous innovation, through the use of Lee and Chang’s (2010) 

Interactive Genetic Algorithms (IGA), LaRocca et al’s (2002) model, and generative design research (from 

Section 2.2) as is shown in Figure 6.  For the sake of an evolutionary algorithm process, we are 

suggesting that genotypes within the strand are first restricted to modular elements of a product, to 

ensure that innovations being designed in this phase can be efficiently manufactured and fulfilled in the 

back-end process.  Through an interactive process, a human designer will later be able to influence the 

final form design (Oxman, 2006, Garud et al 2008) through generative design techniques.   
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Once the data is captured from the gene library (Figure 5), we have established six fitness 

factors (of the Genetic Algorithm Process, as shown in Figure 6) to measure performance.  Using this 

algorithm, an optimal solution will not be established, but rather viable solutions for the designer to 

consider within an interactive genetic algorithm process (human-computer interfacing).  Therefore, 

fitness values of possible solutions will be used, not to choose the best design, but rather for a designer 

to sort through the viable designs of a global optimum, as is justified in Figure 4.  This supports the 

concept of virtual representation of the consumer in a discontinuous innovation process through the 

balance between complexity and collaboration, as is discussed in this paper. 

  Finally, through the use of agent-based modeling techniques, as is discussed in Section 2.5, the 

front-end fuzzy product design process (through the use of evolutionary algorithms and generative 
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design) must be integrated with the back-end supply chain fulfillment system to achieve dual purposes 

of enabling complexity and collaboration that is necessary for discontinuous innovation.  Figure 7 

provides a representation of this via our definition of generative customization, as enabled through 

Proposition P4.  We believe that this concept is truly consistent with the definition of a complex adaptive 

system, as noted in this research, because the supply chain system is organized based upon the 

requirements of the product design rather than being restricted due to static and unchanging supplier 

relationships. 

 

4. Conclusions 

From an extensive literature review, we have developed four propositions and a conceptual 

framework for a generative customization system.  We started our review with the problem associated 

with product design today having to balance needs between complexity and collaboration, and expert 
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(closed innovation) and participatory (open innovation) involvement, as illustrated in Sanders (2008) 

matrix from Figure 1.   

The literature review articulated the problem facing discontinuous product design as the inability of 

firms to balance the complexity and collaboration of the process, from conception to fulfillment.  As was 

supported through extant research, roughly 90% of all product innovations are sustaining rather than 

disruptive, with many firms avoiding the innovation process altogether, given low success rates.   The 

use of classical techniques of product development (Stage Gate), design (human auteur of a local 

optimum), active involvement of the consumer (personalization and mass customization) and linear, 

static supply chain systems has led to minimal changes, leading Pine (1993) to note almost twenty years 

ago stating that the conventional system of design and fulfillment is outmoded.  Therefore, instead of 

seeking to resolve this problem through greater involvement from the consumer, we have focused on 

fostering creativity and innovation through an enablement of greater innovation possibilities through 

generative customization.  We believe our four propositions supports this as a viable approach to the 

problem of a lack discontinuous innovation. 

5.  Future Research 

From this conceptual framework, we believe that there are many opportunities for further research.  

First, pseudocode for the genetic algorithm sketches should be developed to support this model.  Once 

this is achieved, there is an opportunity to simulate a generative customization front-end design process 

through agent-based modeling and simulation (ABMS), and then to do so in connection to the back-end 

system.  Further, there is an opportunity to create generative designs through this approach, and 

compare them to design able to be developed by consumers when using a mass customization system. 

We also believe that there are future opportunities to extend this research design through the use 

of agent-based modeling and simulation (ABMS) alongside the use of genetic algorithms.  At this point, 
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we chose to restrict the search technique to genetic algorithms alone until we better understand how 

this process and technologies will work when using empirical research techniques.  Once this occurs, 

suitable research is possible to understand the possibilities of using both approaches. 

Lastly, empirical studies should be fostered to understand the viability of a virtual representation of 

the consumer (Proposition P2) as a viable alternative to passive and active consumer involvement. 
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1. Introduction  

Traditionally, the impetus of a discontinuous innovation has been defined as a component of the 

product itself, but dynamic forces from seemingly unrelated processes or industries often converge 

ABSTRACT 

Given the lengthy development cycle process, high cost, and low success rate, many firms avoid 

considering discontinuous innovation strategies, in spite of their increase in frequency and 

importance in many markets.  Even with advances in automation and technology, many of the 

techniques being utilized in product development are relatively unchanged, and the definition of 

discontinuous innovation itself lacks a structural component. 

To address this problem, the authors developed a methodology for generative customization, a 

concept developed by Buffington and McCubbrey to implement discontinuous innovations.  Using 

three emerging technologies (generative design, genetic algorithms, and agent based modeling), 

the authors developed a methodology to create product inventions and measure product 

innovations, given theoretical constructs governing creative destruction and the diffusion of 

innovation.  This appears to be the first model that represents a complex adaptive system 

environment to measure the success of discontinuous innovation. 
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upon the environment as well, in underestimated manners.  For instance, while the transformation of 

the portable music player from the Sony Walkman to the Apple iPod is often analyzed related to the 

underlying technology of the consumer electronics of a compact disc (CD) function being displaced with 

a computer hard drive, the process of compressing an audio file into a suitable format, or even the 

impact of file sharing (e.g., Napster) had a significant role in the discontinuous transformation.  The 

ongoing transformation of the basic feature phone to the Smartphone is another example, with 

advances being made in open source, Linux operating systems for mobiles devices and applications for 

use on a Smartphone likely having a greater impact on disruption than changes in the mobile device 

itself. 

With less than 10% of new product designs being classified as discontinuous or radical innovation 

(Griffin, 1997), which is probably even higher than truly the case given the lack of a structural 

component in the definition of the term, the question is whether the present state processes in product 

design are suitable in creating discontinuous innovation strategies for firms.  A conventional method of 

product development typically offers a combination of linear, structured, reductionist methodologies 

often based upon traditional mathematical techniques (such as a reliance on computer aided design 

tools), and closed system, highly subjective auteur design approaches of human cognition (and the 

artistic product designer).  As an alternative, Buffington (2010) developed a concept called generative 

customization (Figure 1 represents its high level logical design) as a framework to improve upon 

discontinuous product design solutions through the use of advanced algorithm search techniques, 

computing power, generative design and integration between the conceptualization and fulfillment of 

the product.  In this framework, the use of generative design techniques does not assume the creative 

role away from a human designer, but rather enables him to focus more on the creative element 

through the automation and integration of many of the routine tasks, therefore improving the human 

cognition focus.  In the study to understand consumer behavior and innovation, Buffington (2010) found 
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generative customization to be a superior alternative to the use of a customer-centric (mass 

customization) design approach in comparison to the standardization of products through mass 

production.  In this conceptual approach of generative customization, a genetic algorithm technique 

appears to be useful in generative product design, as is noted through similar studies, such as Lee and 

Chang (2009) and Balakrishnan and Jacob (1996), but a direct association between genetic algorithms, 

and other evolutionary techniques has yet to be defined within a generative customization model. 

 

(Buffington, 2010) 

 

The purpose of this study is to build upon this concept of generative customization, and develop an 

integrated computer-human cognition design methodology for the term generative customization, 

largely influenced through the use of generative design and genetic algorithm methods.  The remainder 
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of the paper will be as follows: next, a literature review will be presented discussing generative design, 

genetic algorithms, and generative customization research.  Next, a research design will be developed 

for the use of genetic algorithm, generative design and agent based modeling in generative 

customization, and finally, conclusions and future research possibilities will be discussed. 

2. Review of Generative Design, Genetic Algorithms, and Generative Customization 
 

2.1 Generative Design 

The digitization of the design process has become a revolution, and has transformed into a unique 

field of endeavor, beginning to evolve its own unique methodologies, yet still largely unformulated 

(Oxman, 2006).  While simple applications of Computer Aided Design (CAD) have been in existence as 

early as the 1960s (Sutherland’s SKETCHPAD at MIT), its purpose has been focused almost entirely upon 

the digitization of form, rather than an improvement on design possibilities.  Szykman et al (2001) noted 

that “traditional CAD systems are limited to representations of geometric data and other types of 

information relating to geometry such as constraints, parametric information, features, and so on”.  

Hanna and Turner (2006) noted that the focus of CAD is on the representation of the final form 

described geometrically.  LaRocca et al (2002) noted the difference between traditional CAD and 

generative design being that the latter represents the engineering intent behind the geometric design.  

Liu et al (2005) acknowledged the progress made in CAD tools over the decades, but noted the large 

limitations associated with it being able to support human cognition and creativity.  Pande and Kumar 

(2008) developed a generative process planning process using computer aided process planning (CAPP) 

to become a link between CAD and computer aided manufacturing (CAM), further extending possibilities 

of CAD. 

An emergence of non-deterministic design had led to digital design in becoming more than a digital 

representation of a human cognition process, but rather a methodology that truly allows 
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computerization to calculate new forms of design.  Generative design is a design method that has been 

implemented in various fields (art, architecture, communication design, product design) where the 

output is generated by a set of rules or an algorithm, and has a design schema, a means of creating 

variation and a means of selecting desirable outcomes (Wikipedia, 2010).  Generative design is different 

than CAD because it must be based upon modeling knowledge that is created communally on an agreed 

set of standards (Krish, 2010).  In this process, hundreds, or even thousands of design possibilities can be 

generated through the use of generative schemes and data, which allows a group of designers to change 

parameters in order to create an innovative design.  Therefore, a new design schema is not simply a 

product of the parameters used to generate it, but rather also includes the conditions used by designers 

in this process.  This is due to the design not being represented in final form, but rather as associative, 

with changes being enabled through computation (Hanna and Turner, 2006). 

The challenge of generative design is how to frame this human-computer interaction process.  If 

generative design adheres to the rules set forth by Simon in his book The Sciences of the Artificial (1996) 

then the design is contingent upon the goals of the designer and the purposes for which the system is 

designed.  Avital and Te’eni (2008) outlined this human-computer interaction process through the 

definition of generative capacity (a human’s ability to reframe reality and produce something ingenious) 

and generative fit (an attribute of a system that is conducive to evoking and enhancing that generative 

capacity in people).  According to Avital and Te’eni (2008), a system has high generative fit, and can 

evoke generative capacity if it has the following attributes: 

� Visualization (to see an object from multiple perspectives) 
� Simulation (to the underlying process or the object’s behavior, capabilities, or response to 

stimuli in different context 
� Abstraction (the ability to move swiftly between levels of granularity to identify emergent 

patterns, commonalities, or anomalies 
� Integration (ability to merge views of various parallel subsystems or cross-cuts of objects) 
� Communication (one’s ability to talk and share information with other agents with no regard 

to institutionally imposed boundaries 
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The advancement of theory in generative design is beginning to establish characteristics in 

evolutionary science.  Oxman (2006) noted that the use of genetic algorithms in design is used to define 

a set of generative rules and to define their evolution and development such that they can be mapped 

to a specific design context.  The biological process of building genes is not simply a combination or a 

calculation, but includes an interactive element with the environment.  Avital and Te’eni (2008) noted 

the difference between conventional computer assisted design and generative evolutionary design in 

being the former specified by predetermined parameters while the latter is focused on the generation 

or discovery of unique and unexpected solutions.  Coblani (2009) developed the concept of Design DNA 

(DDNA) in the development of generative design. 

Given the infancy of the study of generative design, it does have its limitations.  In many cases, the 

discussion of the topic is focused on conceptual discussions, or applications to niche industries, such as 

art and architecture.  One concern from literature is the notion that generative design addresses the 

domain of form, texture and color (Krish, 2010), but not only parameters, such as function.  This is a 

critical issue that must be addressed in future research. 

2.2 Genetic Algorithms in Product Design 

The use of genetic algorithms in creativity, innovation and product design is becoming an emergent 

concept in multiple fields of research.  Balakrishnan and Jacob (1996) analyzed how genetic algorithms 

can be utilized in product design through the use of a dynamic programming heuristic, and found that 

this approach was more effective than traditional mathematical programming in use of optimization.  

Renner and Ekart (2002) addressed a more general issue of how to use genetic algorithms in computer 

aided design, providing an overview of its benefits in comparison to classical techniques while also 

identifying the limitations associated with doing so.  At present in genetic algorithm research, there is 

concern regarding the demanding nature of finding solutions, referring to the significant number of 



125 
 

evaluations necessary to generate the proper solutions.  Through both improvements in computing 

power as well as methodologies, these concerns continue to be dissipating.  As an example, Lui et al 

(2005) studied how variations in product performance and consumer preferences can be achieved and 

noted the usefulness of close process coordination between marketing, design, and ergonomics 

functions, while also introducing the use of a multi-objective optimization (MOGA) that handles both 

discrete and continuous design parameters.  Lee and Chang (2009) studied the use of an interactive 

genetic algorithm (IGA) to improve the robustness of a designer’s creativity in focusing on affective 

response, providing a case study of how consumers can assist in the design of a mobile phone.   

In using a classical method of calculating the extrema of a function, the designer may be restricted 

to local optimum when the designer is interested in the global optimum (Renner and Ekart, 2002).  In 

contrast, the use of a genetic algorithm in product design does not necessarily have to focus on single 

points in the search space, representing a single solution, but rather, can maintain a population of 

multiple solutions.  Lancaster and Cheng (2008) developed an approach to achieve differential adaption 

with genetic algorithms when using mutation to ensure that a solution is not trapped within a local 

optimum, ensuring more of a global optimum in design. 

In the development of Buffington’s (2010) generative customization system, solution populations 

are generated from the UDDI and constructed as genetic algorithms within the firm’s system, based 

upon the designer’s experience.  Utilizing different models from past research (primarily LaRocca et al, 

2002), Buffington and McCubbrey (2010) developed the use of agent-based modeling (ABM) and genetic 

algorithms to converge the use of optimizing product design through six fitness test criteria (in the 

‘genetic algorithm process’ box) along with the use of ABM to interact this process with the role of the 

product designer (human cognition); this is consistent with Lee and Chang’s use of interactive genetic 

algorithms (IGA) to combine computing technology and human cognition. 
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Despite the significant improvements made in the use of genetic algorithms in the process of new 

product development, as a computational method of optimization, it has yet to serve a purpose in a 

discontinuous innovation process other than the digitization of form.  While not addressing differences 

between incremental and discontinuous innovation in the paper, it appears as if research studies related 

to the use of genetic algorithms in product design (Renner and Ekart, 2002; Liu et al, 2005; Lee and 

Chang, 2005; Balakrishnan and Jacob, 1996) have defined incremental uses rather than discontinuous, 

particularly when discontinuous innovations often receive inputs from disruptive forces unrelated to the 

product itself.   

From this research review, there are questions whether the use of genetic algorithms by themselves 

can assist in the achievement of discontinuous innovation.  Boden (1992) questioned whether the use of 

computers by themselves could ever lead to the development of creativity, which serves as a foundation 
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of this discussion regarding how to balance the possibilities of computing with human cognition in the 

formation of discontinuous innovation. 

2.3  Generative Customization  

From Buffington and McCubbrey (2010), four propositions were developed for a conceptual of the 

definition of generative customization, as follows: 

Proposition P1: Generative Customization is an adaptive, emergent first mover strategy made viable 
through the digitization and integration of conceptualization and fulfillment practices. 

 

Figure 3 provides an illustration of generative customization sitting in the upper right hand quadrant 

of Christensen’s (1997) four box, and being a true opportunity for Radical/Disruptive innovation that has 

been diagnosed as problematic in firm strategies. 

      Figure 3 – Generative Customization as a First Adopter, Adapted from Christensen (1997) 
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Proposition P2: Through the use of genetic algorithm search techniques of product design, an 
improvement in discontinuous product designs are possible through the practical use of both computer 
automation and human cognition, in comparison to an auteur model of human cognition. 

 

The development of a genetic algorithm methodology in balancing the use of computer technology 

and human cognition will be addressed in this paper.  From Buffington and McCubbrey (2010), a high 

level design of the use of genetic algorithms was proposed, and will be briefly discussed in this chapter.  

First, as is represented in Figure 4, data is gathered into a Universal Description Discovery, and 

Integration (UDDI) public system to ensure open system characteristics, and consistency from an 

ontological standpoint.  Both structured (e.g., market research) and unstructured (e.g., social 

networking data) data are solicited, acquired, categorized, and distributed for use by the firm in their 

generative customization process, as is illustrated in Figure 2.    The authors required product design 

data to be continually refreshed and dynamic to avoid a closed innovation model that may restrict 

possibilities through the use of a genetic algorithm search technique. 
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Data is received from the UDDI into the product design development system, as is illustrated in 

Figure 2.  Instead of genetic algorithms being calculated on a pure optimization technique, the authors 

chose an IGA-like (Lee and Chang, 2010) process intending for the quantitative computer algorithm 

technique to interface with a human designer, as is shown in the illustration.  Therefore, the goal of the 

IGA technique is not to generate the one perfect solution for product design, but rather to develop 

various product designs that are both considered by the human designer, as well as analyzed relative to 

the fulfillment entity of the supply chain system. 

Figure 5 identifies the structure within the fitness element to determine the value of the 

component.  As is shown in Figure 2, there are 6 fitness factors to which every component will be 

evaluated.  Figure 5 illustrates that these fitness factors must be validated in a multi-dimensional 

manner, starting with the components structure, then its behaviors and then its function.  Buffington 
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and McCubbrey (2010) also supported an interactive genetic algorithm (IGA) approach, as modeled by 

Lee and Chang (2010), and contended that the use of a BFS methodology in product design is conducive 

to this approach. 

 

The third proposition of Buffington and McCubbrey (2010) is as follows: 

 

Proposition P3: It is more effective for consumers to be ‘virtually involved’ in a generative 
customization process than actively involved (as exists in mass customization) due to their inability to 
create innovative design, and the greater ability of computerization  

As supported by extant research in consumer behavior theory, Buffington and McCubbrey (2010) 

found that a virtual representation of consumer requirements can be supported in marketing research 

to better suit a discontinuous innovation model of product development than a customer centric design 

approach in the field of discontinuous innovation.  Numerous researchers, such as Danneels (2004) have 



131 
 

found that consumers are almost never able to conceive a radical innovation, and their involvement in 

such a process is inefficient.  However, a lack of consideration of consumer interests can be an equal 

mistake, therefore, the benefit of a virtual consumer involvement.   

The last proposition of Buffington and McCubbrey (2010), as follows: 

Proposition P4: Through the use of standardized and structured data representing all elements of the 
product’s supply chain, information technology (IT) can support the degree of complexity and 
collaboration necessary to achieve discontinuous innovation.   

 

Figures 1 and 6 provide a logical and physical representation of generative customization, 

respectively, in order to establish effectiveness in the conceptualization of product design, the 

fulfillment of the product, and the integration between the two.  To Buffington and McCubbrey (2010), 

“a product design that cannot be effectively and efficiently fulfilled is not a good design”.  The design of 

the logical and physical architecture is intended to bring these aspects of discontinuous product 

development together to achieve this purpose through the use of centralized and decentralized, open 

source environments, similar to Cheung et al. (2008). 
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3. The Use of Generative Design, Genetic Algorithms and Agent-Based Modeling in Generative 
Customization  

 

Through a definition of discontinuous innovation and the literature review of generative design, 

genetic algorithms, and generative customization, a three step process requirement will be established 

in this paper for the use of generative customization in the development of discontinuous innovation, as 

is shown below in Table 1.  These steps in the process will be discussed through the product design 

process for generative customization, as will be discussed in this section. 

Table 1 – Generative Customization Product Design Methodology  

 

Step Definition Explanaton 

Mutate A modification of a single individual, of a 
parameter(s) within the genotype. 

Different than a conventional genetic 
algorithm approach, mutation will occur, 
not between genotypes, but through the 
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introduction of a product 
component/parameter in place of an 
existing one in the individual genotype. 

Variate The modification of the digital 
representation of the genotype 
(Generative Design). 

Fusing principles of genetic algorithms 
and generative design to modify 
parameters and genotypes in the product 
design.   

Interact Agent-based process between the 
phenotype (product design) and 
consumers and suppliers. 

Fusing principles of agent-based 
modeling with genetic algorithms and 
generative design.  Through self-
organization, using ABM to establish the 
supply chain system. 

 

Schumpeter (1950) found a disruptive or discontinuous innovation process to commence from a 

market in a state of equilibrium, with a disruption (or multiple) converging upon the environment, 

creating a transformational change to the consumer, supplier, market and the product (not just to the 

design of the product).  Since all involved in this current market environment are comfortable with 

stability and equilibrium, the goal of the generative customization system will be to interject an element 

of disruption into the system to enable radical innovation.   

From the first step, the product designer has chosen a certain number of mutated product 

designs to proceed to the second phase, not based upon an optimization (from the fitness function), but 

rather through his/her own auteur judgment regarding what is a potential acceptable discontinuous 

design.  Next, through the associative, digital definition of the parameter form, the designer is able to 

make further modifications to either the parameter and/or the entire genotype, and choose those that 

he believes are satisfactory to proceed to the next stage.  After these first two steps of generative 

customization, it is assumed that a product invention has been achieved through the process, but not a 

product innovation. As Schumpeter (1983) noted, there is a difference between a product invention and 

innovation, with an innovation being a function of the market environment.  From Garcia (2007), the 
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market environment for discontinuous innovation will be defined in terms of two heterogeneous agents, 

as follows: 

1) Consumer Adoption = f (individual preferences, consumer network effects, firm adoption, 
advertising) 
 

2) Firm Adoption = f (innovativeness, firm network effects, consumer adoption) 
 

The first step in this process is for the firm to model its existing market environment through the use 

of genetic algorithms for the product design and an agent based model for the principal (consumer) and 

agent (supplier) definitions.  Given that the current state environment will be modeled as an open 

system (Chesbrough, 2003), all consumers and suppliers are modeled in this heterogeneous agent 

model (HAM), as opposed discrete and linear consumer and supplier agents solely involved in an existing 

supply chain system. 

Consistent with studies in the use of genetic algorithms in product design (Lee and Chang, 2010; Liu 

et al, 2005) the existing genotype is diagrammed, as shown in Figure 7, adhering to the B-F-S format, as 

shown in Figure 5.  Contrary to the market environment, the product design is only designed in its 

existing specification in the current supply chain. 
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Once the present state product design is developed in the genotype, an agent-based model is 

developed for the supply chain system of the product, created as a market equilibrium agent model 

(MEAM), designating the current product of the firm to be represented as a steady state entity; Figure 8 

diagrams the two sub-systems (consumers and suppliers) in an agent based model of heterogeneous 

agents (HAM).   
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After the current state product design and market environment are modeled, exogenous data must 

be introduced to initiate an initial disruption in the three step generative customization process (as 

shown in Table 1).  The exogenous data must be parameterized, obtained from a public data source, and 

be in an associative (not final form) to enable generative design principles.  Through the utilization of a 

National Design Repository (NDR), as noted by Regli et al (ND), digital product components are housed 

for use in generative design projects, and must be in form to mutate, variate, and interact, as will be 

discussed below.  Figure 9 represents a modification of the product design component process of Figure 

4 (from Buffington and McCubbrey, 2010).  In this new design, the NDR agent is responsible for receiving 

in “push” product component designs (e.g., components designed by various manufacturers), and 

sending out proposals for component designs, as requested by the designers, representing a “push” 

process.   
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The role of the NDR in this generative customization process is to solicit, acquire, categorize, and 

distribute product components only.  However, the designers of the NDR have also developed the 

concept of a Conceptual Understanding and Prototyping (CUP), which allows design engineers to 

develop a high level structure-behavior-function (S-B-F) description of an assembly in a Java3D/VRML 

based virtual environment (Regli et al, ND), enabling product designers to understand the viability of the 

product components before they are selected for use.  The supplier responsible for populating the 

product component in the NDR should have a physical model of the object, either for implementation 

use, or prototype.  Further, in this environment, the designer is able to inquire about changes to the 

specification of the component with the supplier, or ask the NDR to conceptualize a new component, 

based upon testing.  
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Product parameters (or nodes) are acquired by the firm from the NDR and deposited into the 

database, as shown in Figure 2.  From here, the mutation process is able to begin in the development of 

new product designs.  Bruderer and Singh (1996) found the use of mutation to be “important if the 

population faces a continuously changing environment because it can prevent premature convergence 

to an inferior design.”  In a generative customization system model, the goal is not to improve the 

fitness of an existing product design through the recombination of two existing genotypes, which 

appears to be a process that better supports an incremental innovation design methodology rather than 

a discontinuous one.  Instead, the introduction of a new component to an existing design is intended to 

challenge the notion of that design.  Through a modified genetic algorithm process (because only the 

mutation process is being used), the existing product design is mutated hundreds of times (for example) 

in creating numerous new product designs for the human product designer to analyze.  Figure 10 

presents a general illustration of the removal of one parameter, and the replacement with a new 
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parameter, and Figure 11 provides a flowchart process of the mutation of the initial product design, 

being impacted by the newly introduced components from the NDR. 

 

By taking the six fitness criteria into consideration, as shown in Figure 2, product designers make 

an assessment of each criterion while evaluating new product concepts and decide whether this 

mutation is sufficient or not.  By only using mutation within the GA operators, new strands are 

generated for designers to evaluate.  

There are three levels for the new product design, as is illustrated below in Figure 12. At the first 

level (component), the product is categorized into a number of parts, as is represented in the NDR 

metadata.  The sub-component level provides associative categories for each of the parameters of the 

components.  Finally, at the third level (option level), the GA chromosome is allowed to be a 0/1 cell, 
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indicating whether an option for a sub-component is being selected (1) for the design or not (0). In this 

level of each sub-component is the selection for new product design, and the  mutation to be decided at 

this level. Each component can have different number of sub-components, and each sub-components 

could have different number of options that the number of each level depends on type of product and 

gene library metadata in the NDR. The structure of the chromosome (a new product design) could 

illustrate as follows: 

Figure 12 – Product Design Structure 

COMPONENT
(STRUCTURE)

SUB-COMPONENT

FACTOR (OPTION)

COMPONENT 1

SUB 11

COMPONENT 2 ...

SUB 1m1
SUB 12 ... SUB 21 SUB 2m2

SUB 22 ...

COMPONENT n

SUB n1 SUB nmnSUB n2 ......

F 111 F 11t11
F 112 ... F 1m11 F 1m1t1m1F 1m12

... ... F nmn1 F nmntnmnF nmn2
...

 

� is the number of components, �� is the number of sub-components of �th component, and ��� 

is the number of options of �th component, � th sub-component. 

The notations and the mathematical model to be used in this paper are given below. 

Notations:  
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Mathematical Model representing the new product design:  
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After the structure/genotype has been mutated in the development of numerous possible 

product designs, the variate process occurs in two manners: one, in the ability to change the function 

and behavior of the genotype via associative definitions, as is noted in generative design, and two, in the 

ability of the genotype itself to be adjusted as a function of the changes related to the mutation and 

variation process.  The ability to variate both the product components/parameters and the strand itself 

is seen as the introduction of generative design to a genetic algorithm process, which does not appear 

to have a precedent in extant research, and needs to be explored in future research.  Without the ability 
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to variate new product designs established through the modified genetic algorithm process, the 

principles of generative design cannot be established; the geometrical, functional, and behavioral 

elements of a product component and design must be able to be modified to enable generative 

customization.  This modification to the use of genetic algorithms and generative design also addresses 

a concern brought forth by Krish (2010) regarding the limits of the ability to variate a design through the 

use of generative design. 

After the variate stage has occurred, the final stage is the interaction between the product 

innovation and the existing market equilibrium (or MEAM) is the introduction of the interact phase of 

generative customization, as is noted in Table 1.  This process is defined through agent based modeling 

(ABM), and a conceptual map of this Figure 12 provides an illustration of this process: 
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The goal of this agent based model is to simulate a diffusion of innovation process, as described by 

Rogers (1962) related to the resistance and adoption of discontinuous innovation.  In this case, market 

equilibrium exists in a heterogeneous agent mode (Figure 8), that includes not just consumers and 

suppliers for the existing product, but including suppliers and consumers within the market, not 

necessarily involved, but influencing, as is suggested in complex adaptive systems and open system 

(Chesbrough, 2003) theory.  It is critical in an establishment of the MEAM, as shown in Figure 8, to 

represent the entire market, not just the existing supply chain, given that discontinuous innovation is the 

disruption of an existing market to the creation of new consumers, suppliers and market conditions.  As 

a result of this process, a supply chain system emerges and self-organizes, based upon the definition of 

the product design.  As a result, a radical invention is transformed into a discontinuous innovation 

through the result of the efficient fulfillment of the product design.  

The simulation of the mutated (see Figure 12) and variated product into the MEAM is the 

introduction of an invention into this market equilibrium to understand the nature of the disruption, as 

shown in the below mathematical problem: 

DIx = f (PIx, Cx, Sx) 

Where,  

DIx = A definition of discontinuous innovation solutions, as a result of the interaction between the 
variables. 

 

Cx = A definition of the consumer response, as noted by Garcia (2007) 

 

Sx = A definition of supplier’s response, as noted by Garcia (2007) 
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Therefore, the product designer must establish numerous simulations of this process, because the 

difference between an invention and an innovation is the relationship that the product has with its 

environment, as noted in the following proposition: 

PropositionDI: The impact of the introduction of a radical product design into a market equilibrium 
determines the nature of a discontinuous innovation. 

 

From this process, the product designer has developed radical product inventions that have been 

established as potentially successful discontinuous innovations or not.  Once this has occurred, the firm 

can implement the product design in the generative customization system (Figure 1) for final product 

design and supply chain fulfillment. 

4. Conclusions 

The cruel irony facing firms when considering the use of discontinuous innovation is while there 

appears to be a greater frequency and severity of its occurrences of late (Birkinshaw et al, 2006), the 

process and risk associated with doing it remains as onerous as ever.  When faced with the 

consideration of a radical innovation strategy through the use of conventionally linear and finite tools 

(even including CAD systems), the cliché going to a gunfight with a knife can often come to mind by 

firms, leading them to play it safe through incremental innovations, or staying safely (at least for the 

time being) within the comfortable confines of the market equilibrium. 

The problem posed in this research paper, and in Buffington’s (2010) definition of generative 

customization, is how to utilize the capabilities of computer technology and creative human cognition to 

improve the capabilities of seeking and achieving discontinuous innovation in product design.  After a 

review of extant literature in the fields of generative design, genetic algorithm, and generative 

customization, a methodology has been developed that achieves this purpose, at least in concept.  This 
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was accomplished through using these emerging technologies to replicate theories in research regarding 

the initiation (Schumpeter’s creative destruction) and diffusion (Rogers’ diffusion of innovation) of 

discontinuous innovation, including the introduction of product inventions to consumer and supplier 

populations, utilizing findings from Garcia (2007) to base these definitions. 

Through the development of a three step generative customization methodological process, as 

is shown in Table 1, the fusion of generative design, genetic algorithms and agent based modeling was 

accomplished in the steps of mutation, variation, and interaction is fashioned for the achievement of 

generative capacity (via humans) through the capabilities of generative fit, as noted in Avital and Te’eni 

(2008).  The five attributes (visualization, simulation, abstraction, integration, and communication) were 

utilized within the three steps in the generative customization process, as follows: the mutation of the 

existing product design through the introduction of an emerging product component (from the NDR) 

enabled the visualization of discontinuous innovation, avoiding design convergence, seeking creativity as 

a result.  Once mutation occurred, a variation process enabled greater visualization, but provided an 

opportunity of abstraction that is not possible when the digital design is only in final form (as exists 

primarily in CAD representations).  Finally, in the interaction, or agent-based modeling exercise, a 

dynamic process occurs between the product invention and the static market equilibrium for a 

disruption to occur (simulated, integrated, and communicated).   

Therefore, the goal of this generative customization methodology is not in the achievement of 

discontinuous innovation, but rather in the measurement of it, to validate product designs to determine 

its feasibility.  From this, PropositionDI is introduced that defines the measurement of discontinuous 

innovation as a function of the uses of this methodology through the mutation, variation, and 

interaction in this generative customization process.  We believe that this is a significant finding of a 
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conceptual nature to be able to measure discontinuous innovation that is not possible through the use 

of linear tools (e.g., differential equations).   

5. Future Research 

To our knowledge, this is the first study that seeks to integrate the use of generative design, genetic 

algorithms and agent based modeling in the understanding, development and measurement of 

discontinuous innovation.  While there is sufficient research in the areas of genetic algorithms and agent 

based modeling, generative design has been underutilized, and needs to be adopted fully by researchers 

in this field of study given its potential to contribute to solutions in product design and innovation 

theory.   

To test this concept, an individual case study would be a useful next step.   To study one of its 

product offerings, a study can be completed through the development of the current state (product 

design GA, and market equilibrium EBM, or HAM), and then to mock develop product inventions, and 

model the disruption relative to the MEAM.   
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CHAPTER TWO 

Article 5: The Use of Generative Customization as an Innovation Strategy in the U.S. Smartphone 

Market: A Case Study 

 

Buffington, J. and McCubbrey, D. (2010).  The Use of Generative Customization as an Innovation 

Strategy in the U.S. Smartphone Market: A Case Study,  Communications of the Association of 

Information Systems.  

Abstract 

With the pace of change and adoption of new products continuing to escalate, even leading edge 

companies are facing challenges in retaining market leadership.  In this conceptual case study, the 

frustration of a superstar product designer for a U.S. leader in Smartphone technology leads to bigger 

questions relative to his firm’s ability to continue to develop and fulfill an increasingly difficult pace of 

innovation required to satisfy their customers and fend off competitors.  Following exposure to a new 

approach to product design and supply chain fulfillment called generative customization, an IT support 

analyst seeks to convince his organization to consider this new approach to extend and expand the 

company’s existing significant sales growth and market dominance.  The company must also understand 

the impact on product design between human cognitive creativity and emerging technology, the 

viability of its closed system model of innovation, and the organizational challenges associated with 

market volatility and innovation. 
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1. Introduction  

Wayne Halverson, the top product designer for one of the Big Five Smartphone platform 

providers in the U.S. (Apple, BlackBerry, Google, Microsoft, and Simian/Nokia) sent an email to Anthony 

Chan, an information technology (IT) support analyst for Wayne’s product line, requesting to meet at a 

local pub to “discuss business”, with no more description regarding the topic.  Anthony was surprised to 

get this email from Wayne, the company’s superstar product designer, the top creative mind behind the 

company’s new Smartphone products, which have been responsible for the company’s dynamic growth 

and reputation as an industry innovator.  Being the IT guy for Wayne’s product line, Anthony is 

sometimes invited to product design meetings, but often to do nothing other than to consult on 

technical problems, such as operating system glitches, that interface with the products.  Anthony was 

understandably nervous and excited when he got the email invitation from Wayne requesting an offsite 

meeting. 

When Anthony arrived at the pub, Wayne was already sitting at a small table, and waved him over.  

Before Anthony could even sit down, Wayne offered to buy him a beer, and made a joke about them 

being seen together, and how unusual everyone would think that would be.  Anthony admittedly did not 

understand the quirky world of a product designer (in his words), so he immediately became concerned 

about the discussion.  “What’s wrong with the company, Wayne, do you know something that I don’t?”  

“Oh, don’t worry, Anthony, there’s nothing wrong at all, nothing”, Wayne chuckled as he noted, “at least 

not now”.  Realizing that a beer would help ease the communication gap between the outgoing and 

creative product manager and introverted and detailed IT architect, Wayne ordered a few beers, and 

the two started into their discussion. 
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Without much small talk, Wayne immediately began to express his concerns: one, his market 

researchers found that competitors were replicating Wayne’s Smartphone designs in increasingly 

shorter time windows, and this was leading to tension between Wayne’s unit and Stacey Knox, Vice 

President of Development.  “She does not understand what is happening in the market, or how the 

product design process works”, Wayne blurted, perhaps unwittingly.  “Despite the sales growth we see 

today in our new Smartphone designs, I don’t see how we can keep pace with how quickly the 

competition is catching up, and if a product designer can’t keep up…”, Wayne all of a sudden stopped.  

“I just don’t understand how we can keep up”, Wayne noted, quickly changing to plural case.  Anthony 

was shocked – here was the point person for the company’s successful auteur approach to product 

design, and responsible for its fastest growing product, the golden goose, feeling vulnerable regarding 

the company’s critical Smartphone market!  And Anthony still wasn’t sure of why Wayne was confiding 

this to him, since they really weren’t close colleagues, or what he was asking of him, if anything.  After 

awhile, Wayne started to realize that talking to Anthony about this was perhaps not a good idea, given 

Anthony’s nervousness and lack of a response, so he slowly changed the topic, bought Anthony another 

beer, and eventually found a reason to have to leave.  Once Wayne left, Anthony sat at the table, 

reflecting upon what just happened and unsure of it.  Wayne, on the other hand, left feeling burdened 

with of being squeezed between the need for creativity and the structured responsibilities within a large 

corporation. 

2. Case study 

 

2.1 The U.S. Smartphone Market 

A Smartphone can be defined as a mobile device that has more computing power and connectivity 

than a basic feature phone, has more advanced applications and a complete operating system, and can 

be thought of as a handheld computer integrated into a mobile telephone (Wikipedia, 2010).    In 2010, 
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it is estimated that there are 45.5 million Smartphone users within a mobile phone market of 234 million 

subscribers in the U.S., one of the largest markets in the world.  The fact that Smartphones comprise 

only 20% of the mobile phone market in the U.S. is a great growth opportunity, together with the 

projection that, by 2011, as many Americans will own a Smartphone as a feature phone, according to a 

Nielson study released in March, 2010 (and shown below as Figure 1)1. It is further expected that the 

highly competitive U.S. Smartphone market will grow dramatically in a short period of time.  Some 

estimates show as much as a 38% annual growth rate in 2010, up to 65 million subscribers.2 

Figure 1 – U.S. Smartphone versus Feature Phone Market (Nielson, 2010) 

 

The fuzziness in the definition of a Smartphone has made it difficult to evaluate the performance of 

firms who participate in the U.S. market.  In general, there are four aspects of the market that can be 

                                                           
1 http://www.gpsbusinessnews.com/Nielsen-US-Smartphone-Penetration-to-Be-over-50-in-2011_a2154.html
2 Joel West, found at http://seekingalpha.com/article/194442-predicting-2010-north-american-smartphone-market-
share
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considered: device purchases, service subscriptions, diffusion of operating system (OS) platforms, and 

implementation of applications on an OS platform.   

First, the market share of the original equipment manufacturers (OEMs), the producers of the 

devices themselves.  As is shown in Table 1, many of these manufacturers can be classified as traditional 

mobile phone manufacturers, such as Nokia, Motorola, and Samsung.  However, as is shown in Table 2, 

a Smartphone does not appear to be able to be classified as a function of the device itself, but rather 

through the operating system (OS), with Google leading with OEM independence. 

Table 1 – Top Mobile OEMs, comScore, 2/10 

Top Mobile OEMs 
3 Month Avg. Ending Feb. 2010 vs. 3 Month Avg. Ending Nov. 2009 
Total U.S. Age 13+ 
Source: comScore MobiLens 

  Share (%) of Mobile Subscribers 

Nov-09 Feb-10 Point Change 

Total Mobile Subscribers 100.0% 100.0% N/A 

Motorola 24.2% 22.3% -1.9 

LG 21.7% 21.7% 0.0 

Samsung 21.0% 21.4% 0.4 

Nokia 9.3% 8.7% -0.6 

RIM 6.5% 8.2% 1.7 

 

While Table 1 is a classification based upon all mobile phone subscribers, Table 2 is a representation 

of only Smartphone subscribers, defined through the operating system being used, with no concern 

regarding the device itself.  The widest used Smartphone platform in the U.S. is the RIM Blackberry, 

which is on a proprietary operating system, as is the case with the second largest, Apple, (running on an 
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iOS, tied to the Mac OS system).  While RIM and Apple are closed, proprietary systems, but with 

scalability in their OSs, Microsoft’s Windows Mobile is losing market share, and is challenged (to say the 

least) to keep up with its competitors (Dignan, 2010).  The fourth largest operating system platform (at 

the time of the survey in use for this paper) is the Google Android platform, which is Linux-based and 

open source.  Furthermore, unlike the top two providers (RIM and Apple), Google Android is a key 

member of the open handset alliance, essentially making itself device agnostic.   Most likely as a 

response to Google’s open standards on mobile devices, the Symbian Foundation, the world’s largest 

operating system platform in the world (330 million Symbian-based mobile devices) announced in 

February of 2010 that its system would be migrated to an open source platform.  

Table 2 – Smartphone Platform Market Share, comScore, 2/10 

Top Smartphone Platforms 
3 Month Avg. Ending Feb. 2010 vs. 3 Month Avg. Ending Nov. 2009 
Total U.S. Age 13+ 
Source: comScore MobiLens 

  Share (%) of Smartphone Subscribers 

Nov-09 Feb-10 Point Change 

Total Smartphone Subscribers 100.0% 100.0% N/A 

RIM 40.8% 42.1% 1.3 

Apple 25.5% 25.4% -0.1 

Microsoft 19.1% 15.1% -4.0 

Google 3.8% 9.0% 5.2 

Palm 7.2% 5.4% -1.8 

 

Table 3 presents a survey from comScore regarding how mobile subscribers are using their devices.  

While the most prevalent function being utilized on these devices can be best described as basic and not 
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requiring Smartphone functionality, the trend appears to be heading toward a greater utilization of 

Smartphone-type functionality. Along with Figure 1 and Table 2, this presents high growth prospects for 

the Smartphone market in the United States. 

Table 3 – Smartphone Platform Market Share, comScore, 2/10 

Mobile Content Usage 
3 Month Avg. Ending Feb. 2010 vs. 3 Month Avg. Ending Nov. 2009 
Total U.S. Age 13+ 
Source: comScore MobiLens 

  Share (%) of U.S. Mobile Subscribers 

Nov-09 Feb-10 Point Change 

Total Mobile Subscribers 100.0% 100.0% N/A 

Sent text message to another 
phone 

62.1% 64.0% 1.9 

Used browser 27.0% 29.4% 2.4 

Used Downloaded Apps 25.7% 27.5% 1.8 

Played games 21.4% 21.9% 0.5 

Accessed Social Networking Site 
or Blog 

15.1% 18.0% 2.9 

Listened to music on mobile 
phone 

11.8% 13.1% 1.3 

 

Given a trend toward the use of Smartphone functionality, a key criterion for market penetration of 

a Smartphone appears to be the growth of applications (apps) available on the operating system 

platform.  Of the five largest Smartphone OSs in the world, only Apple and Google Android have a 

significant number of web applications (Admob, 2010), giving these two firms an advantage over the 

others.  In further support of the strength of Apple and Google Android in the Smartphone sector, in a 

survey of 2,733 application developers in June, 2010, Apple and Android were viewed as Tier 1 OS 
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environments, with the others being categorized as either Tier 2 or Tier 3, as illustrated in Figure 2 

below. 

Figure 2 – Application developers’ perceptions of platforms (from Admob, 2010) 

 

2.3 The Generative Customization Concept 

Although Anthony did not want to disclose the nature of his meeting Wayne with his manager, 

Rahul Wadekar, or anyone else at the company, he did discuss it with one of his closest business 

colleagues from graduate school who was living in Shanghai, Li Zhao, who always seemed to be aware of 

cutting edge topics in the IT.  Li Zhao was planning to attend a Product Design Innovation Conference 

upcoming in two weeks in Istanbul, Turkey, and invited Anthony to attend as his guest.  After gaining 

permission to attend the conference from Rahul, Anthony felt more comfortable, feeling that attending 

the conference would allow him to better understand Wayne’s perspective of the market, and the 

intense competitive pressure design was under in the Smartphone sector.  Certainly, attending the 
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conference enabled Anthony and Li Zhao to gain an understanding of  some of the cutting edge IT –

enabled  tools could enhance the product design process, including greater  use of computer aided 

design (CAD).   Beyond the exhibitors, Anthony sat in on a few conference proceedings, one of which 

was conducted by a doctoral researcher named Johan Samuelson from Sweden, who discussed an 

extension of Buffington and McCubbrey’s (2010) concept of generative customization, a new product 

design approach that merged the use of complex adaptive system thinking, generative design 

techniques, genetic algorithms, and agent based modeling.  While both Anthony and Li Zhao were well-

versed in new technologies, neither of them had heard of generative customization and  how it could 

assist in the product design and development process.  Johan’s presentation included many examples of 

how the methodology could be used, including some from  the consumer products industry.  At least 

conceptually, this appeared to Anthony what he was looking for, and he took the opportunity to 

introduce himself to Johan.  

The next day, Johan and Anthony sat down and went through the generative customization concept 

in detail.  First, Johan explained that generative customization is modeled as a complex adaptive system 

(CAS).  Unlike systems that are deterministic and linear, Johan explained that both the design process 

and the supply chain fulfillment element were accomplished using a CAS, enabling both principals 

(consumers) and agents (manufacturers, suppliers, retailers) to be adaptive, self-organizing, and 

dynamic around the nature of the requirements.  As a result, generative customization is capable of 

creating discontinuous or radical innovation of product development and fulfillment, as is shown in 

Figure 3. 

Being an IT guy, Anthony certainly appreciated the concept of a CAS designed product development 

and fulfillment system, but questioned how this approach could improve upon his company’s 

remarkable success in product design and fulfillment.   Johan responded that Anthony’s company, while 



158 

known in its industry as an innovator, is more of a fast second follower (Markides and Geroski, 2003) 

rather than a true discontinuous innovator.  “Often, your designers are not creating inventions; instead 

they are turning other’s inventions into innovations.  And when your firm does create an invention, it is 

done completely within the minds of your designers, as opposed to a more open, collaborative approach 

to design”.  Johan articulated how Anthony’s firms D-L-C approach, as shown in Figure 3, could never be 

sustainable because it was not able to achieve true discontinuous innovation, as was more likely through 

the use of generative customization.  Anthony felt as if Johan was addressing the issues that Wayne 

noted, not a concern about Wayne’s creative abilities to design, but rather his individual capability of 

sustaining an advantage over competitors who were quickly replicating his creativity.  

Figure 3 – Christensen’s (1997) Innovation Model, Modified  

                                                    Radical 

 

 

    Sustaining                                                                                                Disruptive 

  Conventional Design   Anthony’s Firm  Product Design 

                                                        

                                                          Incremental 

The difference, according to Johan, was the fusion of generative design principles, and genetic 

algorithm/agent based modeling computing power to enable the product designer to be even more 

creative than he/she already is.  Johan briefly explained the concept of generative systems, as follows 

(from McCormack et al, 2004): 

Generative 

Customization 
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1. The ability to generate complexity, defined as dynamic hierarchy.  Interacting components 
generating innovations as a result. 

2. In design, the ability to self-maintain and repair – human designed structures are brittle in 
the physical sense, whereas generative designs are adaptable. 

3. The ability to generate novel structures, original and different from anything else before it. 
 

In contrast to generative customization, today’s linear, conventional system, driven by the Stage 

gate process (Cooper, 1986), designs are the domain solely of the designer, and are based on the 

cognitive strengths and limitations of one or a group of humans.  From conceptual design, the 

average new product development project may take up to 8 years to break even, not including the 

R&D phase (Wolpert, 2002), leading many companies to forgo the entire creative and fulfillment 

process altogether.  Through the use of generative design and an integrated generative 

customization system, humans can control intellectual forces many times more powerful than 

human minds to design and construct artifacts that could not otherwise exist (Stocking, 2009).  

Johan gave examples in the use of generative design, including the innovative building designs from 

the Beijing 2008 Olympics (Bird’s Nest, and Water Cube), which would not have been possible 

through the use of conventional architectural design techniques.  In this example, designers were 

able to analyze and prototype thousands of alternatives, considering numerous configurations with 

incremental changes to design being relatively quick and inexpensive.   Further, Johan provided a 

chart (as shown in Table 4, from Avital and Te’eni, 2009) that articulated the paradigm shift between 

a conventional approach to product design and fulfillment (defined as operational efficiency), and 

generative capacity, which is the foundation of generative customization.  Again, Anthony felt as if 

Johan was responding directly to the concerns that Wayne had brought to his attention! 

Table 4 – Operational Efficiency vs. Generative Capacity (from Avital and Te’eni, 2009) 

Dimension Operational Efficiency Generative Capacity 

Cognitive Process Convergent Divergent 



160 
 

Nature of task Low Ambiguity High Ambiguity 

Boundary of task Restricted Open-ended 

Nature of outcome Known in advance Unknown, at least in part 

Desired 
Action/Process 

Follow procedure Be creative, innovate 

Orientation of 
outcome 

Close gaps Open gaps 

Success criterion Efficiency, accuracy, punctuality Making a difference, 
rejuvenating 

 

The idea of a virtual consumer was an intriguing idea to Anthony.  Through the use of generative 

design principles, the product designer did not have to be “held captive by the customer” (Danneels, 

2004) as a result of an inefficient process.  While Anthony understood from his company’s strategy of an 

auteur approach to design that the consumer can sometimes become a hindrance due to an inability to 

decide, or lack of product knowledge (e.g., Bettman, et al, 1998; Huffman and Kahn, 1998; Yoon and 

Simonson, 2008), he still felt as if one of Wayne’s weak points was perhaps relying too much upon his 

creativity, and not understanding the needs of the consumer. Perhaps, he thought, a virtual consumer is 

the best of both worlds.    

A layout of the IT system design was helpful to Anthony as well.  Figure 4 is a mock representation of 

the logical design system, expressing integration between the front end (product design focused) and 

back-end (supply chain fulfillment focused), within and outside of the dominant firm.  Figure 5 

represents the physical architecture necessary.  In this design, the creative component of the product 

design process is not separated from the supply chain fulfillment aspect, as Johan quoted Buffington and 

McCubbrey (2010), “a product invention is not an innovation until it is fulfilled”. 
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Bridging his experience in IT solutions with a burgeoning understanding of a CAS IT system and 

generative design, Anthony began to think of the possibilities associated with such an open and adaptive 

system across a supply chain.  In its most theoretical terms, Anthony saw the foundation of this issue to 

be designed as an agency problem between the principal (consumer) and agents (producers/suppliers) 

in a supply chain system, as proposed by Eisenhardt (1989).   As successful as one designer (Wayne) 

could be, an auteur design approach solely from human cognition could never achieve the degree of 

innovation that an open system model including consumers and suppliers can become, if the right 

technology is in place to contain product design innovation into an efficient supply chain system. 
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In practical terms, the two professionals began to express possibilities of what this approach to 

design could do within an already fast paced and growing sector.  Anthony could foresee a partnership 

between creative product designers, who would facilitate the process, and IT professionals, who would 

enable the integration and dynamic attributes associated with new technologies.  He was beginning to 

conceptualize how IT could enhance Wayne’s creativity, not through displacing human involvement, but 

rather through unleashing it.  After spending the balance of the next day speaking with Johan, Anthony 

solicited his help to develop a business case around generative customization to sell to his company, 

using the technology acceptance model (TAM) approach (Davis, 1989).  Of greatest importance was to 

use TAM to get Wayne to understand generative customization’s perceived usefulness (Davis, 1989).  If 

Anthony could convince Wayne that this approach enhances his strengths as a product designer, he and 

Johan could get funding for a pilot to prove its usefulness. 
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2.4 The Business Case for Generative Customization 

While in Turkey, Anthony was so excited about this idea that he sent an email to Wayne, asking for a 

follow-up meeting, to include Johan, two weeks after his return.   Having heard that Anthony went all 

the way to Turkey from Stacey to “learn about some innovation experiment”, Wayne was nervous that 

Anthony shared some of the details of their meeting, but at the same time, he was impressed that 

Anthony took their discussion seriously. Believing that Anthony to be  a solid IT professional with high 

integrity, Wayne gave Anthony the benefit of the doubt, and hypothecated that Anthony was learning 

about new and exciting CAD software tools to help Wayne and his fellow product designers to better 

enable their creativity to be unleashed.   Anthony and Johan used the two weeks prior to their meeting 

with Wayne to develop a business case and  mock design process setting to articulate how generative 

customization would differ from that of a conventional linear modeling CAD approach.   While Anthony 

and Johan could not establish a full out generative customization process in such a short period of time 

without data and resources, they could develop a mock design to allow Wayne to visualize how such a 

system would compliment his creativity and product knowledge.   

Even though Anthony was excited about the concept of generative customization, he was concerned 

that his boss  (Rahul Wadekar) and Wayne’s (Stacey Knox) would be reluctant to shift gears and lose 

focus in  the midst of an existing product market achieving 38% sales growth, so Anthony believed that 

the idea was going to be a tough sell.  He believed his only hope at gaining company support was in first 

gaining support from Wayne, who had expressed his deep frustration less than a month ago about the 

direction in which the company was heading.  So first, Anthony and Johan focused on developing a 

business case to convince Wayne that this was the right thing to do. 

Anthony and Johan’s business case began with a market analysis that found that market 

convergence in both product and firms (consistent with Figure 1 and Table 4) would occur in the current 

trajectory, with only 3 of the Big Five platform providers thriving in the next five years, and the 
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remaining firms embroiled in a fierce price war, given the commoditization of the Smartphone product.  

Furthermore, with one of its competitors establishing standards for an open handset alliance, therefore, 

taking advantage of a de facto proprietary open source system for its use of Linux, this was already a call 

to arms within Anthony’s firm, perhaps leading to a generative customization system as a competitive 

alternative.  After finding the five major operating system providers are responsible for 95% of the 

global market (Admob, 2010), Anthony felt as if Wayne was right, and a bloodbath was about to begin. 

The thrust of business case was that now is the time to adopt innovative processes to develop new 

product lines. 

The problem, of course, was that Anthony was not sure how much Wayne would understand 

generative design, complex adaptive systems open, dynamic, non-linear and self-organizing systems. 

Therefore, instead of articulating the IT system representations, as shown in Figures 4 and 5, Anthony 

and Johan would need to articulate how this D-NL-O system design would improve the role of the 

designer.  One area that Anthony thought would be a bridge between IT and product design was in the 

use of software agents as an interactive element of design.  The use of software agents in the generative 

customization design enables a CAS design through the use of non-linearity, autonomy, flexibility, and 

self-organization.   A product component (or agent) solicited, acquired, categorized, and distributed into 

an open, central repository (Figure 6) could become a gold mine for a product designer looking for new 

concepts and approaches to create something discontinuous to an existing product, particularly given 

access to social networks. 
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Although a rather complicated sight, Figure 7 presents how the product designer will drive a 

discontinuous innovation process, harnessing the power of emerging technologies.  Anthony and Johan 

viewed this as “giving the designers the keys to a rocket ship”. 
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From their mock system prototype, a generative customization system approach was described, and 

its product designers facilitated a design/fulfillment process rather than individually created designs.  

Through this interactive process between the use of computing/generative design, human 

cognition/design creativity, and integration between the design and the supply chain fulfillment process, 

possible discontinuous innovative designs were developed.  From this product design process, Anthony 

and Johan developed the following design possibilities:  

1. Smartphone devices that changed form and function, devices that are radically different 
than an existing design (such as the iPad being radically different from the iPhone).  
Generative design/genetic algorithm methods create new designs, given the fitness tests 
provided. 
 

2. An operating system (OS) for a Smartphone device that allows the user to develop software 
applications, in addition to software developers, representing a new approach to consumer 
involvement in the production process. 

3. Radically different applications that changed the nature of the device and OS, as opposed to 
vice-versa. 
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While the balance of the system was related to the critical nature of supply chain fulfillment, 

Anthony and Johan decided to forgo explanation of this element of its design, other than to note that its 

adaptive and dynamic approach to integration and collaboration would allow innovative product designs 

to get developed, manufactured and  brought to market quickly and more efficiently.    

2.5 The Business Meeting  

Both Anthony and Johan were excited about discussing the generative customization system 

business case and design with Wayne.  Fully expecting the presentation to be about a CAD system 

replacement only, Wayne took it upon himself to not only invite Stacey to the meeting (to gain support 

in funding) in order to support this initiative, but also the rest of the design team as well.  After learning 

that Wayne invited Stacey’s entire team to the meeting, Anthony invited his boss Rahul and Rahul 

invited the Chief Financial Officer, Rick Smith.  Anthony was starting to worry that perhaps presenting 

this concept was becoming larger than he thought, and possibly not a good idea. 

Prior to the presentation, Anthony and Johan debated the firm’s acceptance of generative 

customization based upon TAM’s perceived usefulness (PU) and perceived ease of use (PEOU).  Johan 

warned Anthony that given that the firm employed a D-L-C model, a movement to generative 

customization (D-NL-O) would be a significant shift in strategy.  Anthony shrugged off these concerns, 

being very confident in the leadership’s ability to understand the need for change, as articulated by 

Wayne at the pub. Certainly, generative customization was a practical and innovative  strategy.   

After having sat quietly and respectfully throughout the entire presentation, Wayne, Stacey and 

even Rahul surprised Anthony with the nature of their responses related to generative customization 

(modified from Krish, 2010 and generative design): 

1. “I’m skeptical of the role of computers in design”. 
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2. “Our work processes are very personal and have been developed over a life time and not 
something to be messed with”. 

3. “Design is fun and enjoyable – there is no need to make it more efficient.” 
4. “I fear that code based design will end up continuing in creating the same thing.” 
5. “Design requires thought” (not random numbers) 
6. “How can a program do what I do?” 
7. “I have absolute faith in my own method of design” 
8. “A computer cannot distinguish between the method and results” 
9. “This is not how design is done” (a lack of understanding of alternative approaches) 
10. “What will happen to us – will we eventually be replaced by computers?” 

 

Even after being forewarned by Johan, Anthony was stunned by these responses, from Wayne and 

Rahul in particular.  Philosophically, it was clear that the company’s existing strategy of relying upon 

human cognitive brilliance alone (a closed system) was viewed as too valuable an asset to be replaced 

(as they called it rather than enhanced) by generative customization.  The company was built on the 

creative abilities of its people: would this be compromised by a system centered around information 

technology, and based on an open complex adaptive system? 

At this point, though, Anthony was happy that Rick Smith was in the room because he felt as if the 

business case financials could pique his interest.   A high level summary of the financials is presented in 

Table 3 below: 

Table 3 –High Level Generative Customization Business Case 

 

 Conventional Current 
State 

Generative Customization 

Smartphone Revenue 

(3 year stream) –  

Incremental Design changes 

$42.8b $42.8b 

Discontinuous Innovation $0.0b $1.0b 

Operating Profit  $10.7b $13.1b 
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(down $1.3b) 

Capital Costs  $30mm 

ROI Payback  < 1 year 

 

In the pro-forma developed by Johan and Anthony, based upon preliminary data, they assumed and 

calculated the following: 

1. Industry sales growth percentage for the next three years for the  existing product line of 
Smartphones projected at 38%. 

2. The generative customization system would not impact this existing sales growth of existing 
Smartphones (and incremental improvements), therefore, the same growth rate would be 
achieved in this system (CAS system is adaptable and scalable). 

3. Company would not achieve any discontinuous innovation growth in the next three years, 
instead focusing on incremental changes to existing design to support high growth rates. 

4. Significant growth was achievable within three years of generative customization investment 
due to discontinuous innovation creating new markets, as shown by Anthony and Johan, but 
initial discontinuous innovation potential income ($6.0b) was discounted by slower adoption 
rates, therefore, leading to opportunities for growth of only $1.0b conservatively.  

5. Assuming a profit margin of 25% for incremental innovations, 40% for discontinuous 
innovations.  Due to the convergence in the market in suppliers, products would become 
somewhat commoditized, and profits will fall.  Discontinuous innovation products would 
retain the same level of profitability that exists on products today. 

6. No incremental cost of capital for conventional model.  Estimated to cost $100 million to 
implement IT system for generative customization; no other capital development costs 
required, as sales, manufacturing, and supply chain functions shall remain the same for both 
systems. 

7. Significantly less than a one year payback on project, tied to investment related to 
incremental revenue ($1b).   

 

Rick was suitably impressed with the possibilities of generative customization as an alternative 

strategy to its competitors, and asked permission for his team to participate alongside Anthony and 

Johan in refining their proposal.  Now feeling more confident, Anthony volunteered to design the IT 

architecture (with Johan) for a more detailed understanding of the investment associated with the 

project, and Wayne and his fellow teammates could rationalize what this type of approach would mean 

to the consumer markets.  At this point, it was clear that a rift existed in the room regarding the 
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proposal, and why Anthony was working on it, including the involvement of an outsider.  At this point, 

Rahul politely thanked everyone for attending and called an end to the meeting. 

The fallout from this meeting was dramatic and emotional.  Anthony was upset due to a lack of 

support from Wayne, who sent him in this direction in the first place.  Wayne felt as if Anthony used 

their haphazard discussion as a springboard to invoke a hare-brained idea that would compromise the 

firm’s existing successful strategy.   Rahul was nervous over the repercussions associated with even a 

perception of his department playing a more significant role in product development.  Stacey was 

enraged over the inclusion of an outsider (Johan) into their proprietary and highly valued world class 

product design world, the IT department’s stepping on their turf, and the impact this would have on her 

superstar product design team.  Rick left the meeting having learned of a potential Achilles heel of the 

company that he was not originally aware of, and was concerned about the future profitability of the 

company.   

III. Conclusions 

 

At this point, the firm was left with three options to undertake: 

1. Fund a pilot - as is noted in the presentation, generative customization can complement 
the existing auteur product design approach.  An innovative strategy must be 
undertaken to offset competitors, who are copycatting their designs, and undertaking 
‘open system’ platforms that favor their approach.  Johan’s research has appeared to 
‘fall into their laps’, and they should capitalize upon this good fortune. 
 

2. Investigate the matter further – given the enormous potential of a ‘ROI’ on this initiative, 
retain Johan and assign Anthony to further explore this opportunity.  Spend a $1mm to 
consider the option as an approach to better understand.  The concern with this 
approach is the potential impact on the morale of the Product Development team, and 
not making a commitment to Johan may make him move forward with another 
company. 

 
3. Reject the concept – in a market with high growth rates and a reputation as the market 

innovator, nothing should be done to impact its current momentum. 
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CHAPTER THREE 

CONCLUSIONS AND IMPLICATIONS 

3.1 INTRODUCTION 

Although the concept of creative destruction has been studied for decades (starting with 

Schumpeter in 1950), no platform of research exists for an innovation continuum (market equilibrium-

incremental innovation-discontinuous innovation) within an integrated product design and supply chain 

fulfillment into one system.  The resulting research platform of this thesis, called generative 

customization, can offer benefits to various disciplines (as will be discussed below) in an effort to 

achieve this intention, both in research and practice. 

The research questions of this thesis have addressed some fundamental problems in the 

representation by researchers and practitioners of how a discontinuous innovation process impacts 

market equilibrium.  First, research analysis and observations have inferred that smaller, entrepreneurial 

and larger, dominant firms are bifurcated on an innovation continuum between dynamic, discontinuous 

innovation markets and static market equilibriums, respectively, contributing to a lack of an integrated 

approach for establishing innovation theory.  Hypothetically, it appears as if small firms have an 

advantage in a complex, evolving business environment, as Schumpeter noted, and Birch (1987) found 

that small firms accounted for 81.5% of jobs, supporting this finding.  However, in the early to mid 20th 

century, discontinuous innovation arose primarily from dominant, or existing firms (Bessant, 2008), 

which appears to contradict other research regarding entrepreneurialism and the size of the firm.  A 

focus on correlating the size of the firm and innovation appears to be harmful, possibly leading to 

stereotypes, self-fulfilling prophecies, and separated self-exploratory units, as Christiansen (1997) first 

proposed.  Damanpour and Wischnevsky (2006) also found inconsistencies related to the size of the firm 

and the definition of innovation, questioning whether such a relationship truly should exist.   
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The foundation of a generative customization system, as defined within this thesis, is not to make 

such delineations; as Christiansen and Raynor (2003) later found, it is not practical or realistic to assume 

that such a bifurcation can exist in practice, and that separate manufacturing and supply chain 

fulfillment environments can be created.  The goal of generative customization as a concept is to 

establish a product design and supply chain fulfillment system that serves both the market equilibrium, 

stable element of products and consumer markets, as well as the incremental and discontinuous 

innovation activities.  The goal is to achieve this balance between stability and change, structure and 

creativity, not through separate systems and environments, but rather one integrated environment 

through understanding the principal and agents through a complex adaptive system view. 

  A primary tenet of this thesis is the value of a multi-disciplinary approach in exploring the main 

research problem and research questions, despite the challenges of doing so, as noted by Garcia and 

Cantanlone (2002).  Certainly a collaborative, integrated end to end definition creates an enormous and 

complex solution pattern, and significant messiness in the methodological approach, however sanitizing 

the messiness (i.e., reductionism) can lead to an inaccurate depiction of the market environment,  

exposing researchers to biases as a result.  Ironically, the concept of uncertainty is a barrier to 

innovation diffusion (Rogers et al, 2005), however if it does not exist, innovation cannot exist as well; 

this is an element of the innovators dilemma.   The solution to this innovator’s dilemma, according to 

this thesis, is to bifurcate the front-end (product design) and back-end (supply chain fulfillment) 

processes in order to balance the need for interactivity, adaptation, flexibility, and creativity, with 

structure, efficiency and clarity within one system. 

Another challenging goal of this thesis is to balance the extension of necessary cutting edge 

concepts that are not well researched (e.g., genetic algorithms, discontinuous innovation, agent based 

modeling, and generative design) with formative theoretical constructs critical for establishing a 
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research foundation.  The theories of creative destruction (Schumpeter, 1950), diffusion of innovation 

(Rogers, 1962), principal-agent theory (Eisenhardt, 1989), systems theory (Bertalanffy, 1968), complex 

adaptive systems (Holland, 1992), open systems theory (Chesbrough, 2003) and customer choice and 

consumer behavior (e.g., Huffman and Kahn, 1998) are critical to the establishment of a general theory 

for generative customization along with the introduction and extension of these new concepts.  The 

challenge in relation to the research methodology of this thesis is how to explore these newer ideas 

using theoretical principles and conventional research methods.  The use of various methodologies – 

conceptual frameworks, position paper, surveys and descriptive statistics, mathematical proofs and 

pseudo code highlights the objective of seeking to achieve a balance on this topic.   

3.2 FINDINGS 

This section offers a summary of the findings from this thesis, with further detail available in each of 

the articles. 

Past research found that the system environment (business ecosystem) represented a generally 

stable environment (market equilibrium), which led researchers to question how discontinuous 

innovation can occur with this being the case.  After an understanding of complexity and complex 

adaptive systems (CAS), a different perspective of the balance of routine and discontinuous innovation 

was found in Article A (in the Appendix).  Through a conceptual model, Paper A provides the definition 

of discontinuous innovation on a continuum with incremental innovation (as opposed to separate from 

it), but only within a complex adaptive system environment.  This finding becomes the foundation for 

the definition of generative customization, as will be defined in Article 3. 

The focus of Article 1 was to develop a position paper related to the role of supply chain, innovation, 

and systems theory.  From Article A, current state supply chain systems by definition can only exist in 

the incremental innovation four box, specifically in the I-L-O (Incremental-Linear-Open) quadrant.  As a 
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result, supply chain systems will only be subject to downstream, efficiency opportunities, being 

restricted from involvement in the front-end product design conceptualization process (therefore, 

rarely, if ever being involved in a discontinuous innovation).  This frames the research question of this 

position paper regarding how systems theory should be applied to a supply chain system.  In the 

beginning of this paper, the lack of innovation in research was addressed, noting that a use of a 

conventional research methodology (clockwork system) will likely lead to a more conventional definition 

of a supply chain system as well.   A complex adaptive system was introduced as an application of 

systems theory, even if such an application was not frequently utilized thus far in practice.   

In order to establish 21st century solutions for supply chain systems, the primary finding was that 

these systems must be viewed in the future as a CAS rather than a linear chain system (as its name 

alludes).  The paper also identified factors that may prevent this from occurring, such as the definition of 

the IT (largely an enterprise resource planning system, or ERP) as a clockwork system that actually 

disables a firm’s ability to innovate.  Next, firms with a closed innovation model of product 

development, such as Apple, are seen as restricting innovation (contrary to conventional wisdom) 

through a lack of awareness of the complexity and viability of an open environment of collaboration 

outside of the firm.  Therefore, a system design must not be viewed solely in IT terms, but rather in the 

logical, physical, and organizational design of the firm and its supply chain.  If a supply chain is defined in 

adaptive terms, it is no longer in a conventional, linear form as it exists today in practice. 

Instead of relying upon conventional concepts and techniques in practice such as a literal chain 

design of the agents, and an ERP system, the paper proposes an adaptive, open CAS design of the 

principal and agents, also through using agent based modeling and simulation (ABMS) tools.  Therefore, 

building upon the findings of Article A, Article 1 provides a definition of a 21st century business 
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environment for a supply chain system to integrate with the front-end processes of conceptualization 

and product design as a critical element. 

Article 2 studied a consumer’s willingness and attitudes toward a mass customization system, and 

extended these responses to the conceptual generative customization system.  Responses from this 

survey found that while consumer’s were generally ambivalent, or worse, toward being involved or 

having to sacrifice (via time or money) in a mass customization system, they were generally interested in 

the product innovation possibilities associated with this system.  As a result of these findings, a “case for 

generative customization” was made as a viable solution to virtually (instead of passively or actively) 

involve the consumer in the design process.  The study found that “consumers are not strong advocates 

of mass customization, but the same holds true for mass production”, therefore, they are looking for a 

new system to achieve innovation, particularly discontinuous innovation.  Generative customization is 

found to offer the best balance though involving the consumer, but only virtually, and as a result, 

enabling near-mass production levels of supply chain efficiency as a result. 

Based upon the conceptual framework of Article 1, the survey findings from Article 2, and the 

extensive literature review from Article 3, generative customization is defined as the viable system 

solution for a definition of discontinuous innovation.  From the extant literature and prior studies, the 

goal of Article 3 is to develop an end to end product design conceptualization to supply chain fulfillment 

design for a system called generative customization.  After undertaking a significant research review 

across multiple disciplines, four propositions were developed as a foundation for this framework.  The 

first proposition established the requirement for a discontinuous innovation process to have an 

incomplete and dynamic product design, which is supported and integrated within a supply chain 

system defined as a Complex Adaptive System (CAS).  Supported through Article 2, the second 

proposition identified a virtual representation of a consumer in product design as more innovative and 
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efficient than an active participant in the process (customer as a co-producer), or a passive one (as exists 

with standardized products.  Both the survey research from Article 2 and extant literature research from 

Article 3 supported this proposition, which is a paradigm shift away from conventional thinking in 

marketing, design, and supply chain disciplines.   

The third proposition of a “self-organizing supply chain” appears to contradict the concept of a 

supply chain (a linear entity, almost by definition), but fully supports Proposition P1 of a CAS product 

design and fulfillment system.  While extant literature, such as Pathak (2007) has addressed the 

potential of a CAS supply chain, the concept of generative customization appears to be the first to define 

this as a function of both product design and supply chain fulfillment.  Finally, the fourth proposition of 

articulates the use of the emerging technologies of generative design, evolutionary algorithms, and 

agent based modeling to enable Propositions P1, P2, and P3. 

A conceptual framework was established through Article 3, balancing cutting edge research 

concepts, and foundational theories of system environments, consumers, and the supply chain systems.  

This study is found to be unique in nature because, after an extensive review of extant literature, it 

appears to be the only defined, end to end product design conceptualization and supply chain 

fulfillment system for discontinuous innovation.  Furthermore, it may also be the first to define the use 

of virtual involvement of the consumer seems to be optimal to the passive involvement of mass 

production and the active involvement of mass customization in balancing the design and fulfillment of 

innovation. 

Big challenges exist in practice to transform the current state, largely closed and linear supply chain 

systems to this newly designed system for generative customization, as is addressed in Article 1.  A 

definition of an IT system for a conventional supply chain structure was defined as a) manufacturer 

centric, b) static and linear, c) a closed loop structure, supply driven and proprietary and disconnected.  
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As a result of this definition (as supported by extant literature), it was found that this system is not 

capable of supporting a generative customization system.  The attributes defined as necessary for a 

generative customization system are a) CAS structure, b) open source, c) generative design, d) 

distributed ERP system design.   

Article 4 establishes the specific requirements in the use of human cognition and computing 

technology in the design of a discontinuous innovation environment.  Given that discontinuous 

innovation often extends beyond the simple definition of a product, the use of genetic algorithms was 

not found as sufficient to understand the difference between a product invention and an innovation, 

particularly given the convergence of seemingly unrelated factors on this approach.  The model found a 

preferable use of genetic algorithms through the use of mutation process with an outside database of 

product components, but then the new design needs to be interface with the market environment to 

understand disruptive factors and resonant changes to the market.  This methodology has a three step 

design for generative customization: first to mutate the product design to achieve radical design 

possibilities.  Two, to be able to digitally variate the form of the product (for generative design, it must 

possess an associative, not final form) to be able to achieve radical product invention.  Three, once a 

radical product invention has been achieved, the goal is to use this radical design to disrupt the market 

equilibrium (via an agent based model) to understand the dynamic, and extent of discontinuous 

innovation. 

After conducting the main body of research, the intention of Article 5 is to conduct a conceptual 

case study analysis of how a Big Five Smartphone platform provider (Apple, RIM, Google, Microsoft, 

Symbian/Nokia) can utilize generative customization to achieve a competitive advantage in an 

increasingly competitive market environment.  The U.S. Smartphone market is an ideal case study 

environment for this topic, given the rapid proliferation of new technologies, and the dominance of 
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these large firms, that account for 95% of the total subscriber base for Smartphones.  In this case study 

account, a product designer from one of the Big Five has identified his firm’s vulnerability to its 

competitors, given the shrinking cycle between innovation and fast followship.  As a result of this 

discussion, an IT Support Analyst brings forth to the organization the opportunity of Generative 

Customization, as it is compared to an auteur approach to product design.  As is indicated in this case, 

the question of the diffusion and adoption of innovation is under consideration in this case, consistent 

with the issues brought forth by Rogers et al (1962).   

In the case study, the generative customization process is illustrated of how discontinuous product 

designs are developed without being susceptible to long R&D incubatory periods that make innovation 

prohibitive.  Through the use of a virtual consumer, and the techniques of generative customization and 

genetic algorithms, radical product designs are developed, centered on the mobile device, operating 

system (OS) platform, and web applications.  In the final step of the generative customization process, 

these product designs are finalized for fulfillment through an interactive process amongst critical 

producer/supplier agents and the principal, none of which are predetermined, given the environment 

represented as a complex adaptive system (CAS).  Finally, the supply chain system ‘self-organizes’ as 

appropriate, rather than being determined, and therefore, limiting the innovation process.  While this 

conceptual case study was able to illustrate the possibilities of generative customization in an 

appropriate market setting, future studies should focus on a real-life case study and agent-based 

modeling (ABM) to further illustrate this approach. 

Based upon the research established in Articles 1 through 4, and a case study for Article 5, a 

conceptual framework of generative customization has been developed as the findings to the overall 

problem statement, as documented in Section 2 of the Introduction of this thesis.  Generative 

customization has been defined on an innovation continuum (D-NL-O, as illustrated on page 14), as a 
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response to the business environment being classified as a complex adaptive system (from Article 1), 

with the involvement of the consumer only being viable as virtually involved (with a low tolerance 

toward price and time sacrifice, from Article 2), through the utilization of an open system IT solution for 

product design and fulfillment through the use of emerging technologies (Article 4) to enable 

discontinuous innovation.   

3.3THEORETICAL IMPLICATIONS 

To achieve credibility in the establishment of the generative customization concept, formative 

theoretical constructs were utilized to build a solid foundation to which innovative concepts could be 

practically utilized.  In doing so, the author of this thesis believes that the generative customization 

concept will have a material impact upon these theories in future research, as follows: 

The findings from this thesis to have a CAS innovation continuum as a product design and supply 

chain fulfillment system has implications to Schumpeter’s (1950) concept of creative destruction.  A 

significant transition of firms to extinction from 1917 to 1997 (Louca and Medonca, 2002) has not led to 

a greater understanding of the nature of a CAS environment, but rather a bifurcation and stereotyping 

of firms relative to their involvement in an innovation continuum.   Certainly, it does appear to be 

legitimate to assume that discontinuous innovation is key to economic growth, and a firm’s survival 

within an evolutionary market environment (representing a CAS environment), such findings should not 

create a business ecosystem that houses a sub-exploratory unit for discontinuous innovation that is 

separated from the mainstream processes of product design and supply chain fulfillment.  The concept 

of generative customization does not assume this to be the case, rather asserting that the primary 

reason for a lack of innovation within some firms is environmental, more attributable to an environment 

definition (e.g., the clockwork system) than in firm characteristics.  This does not mean that smaller, 

more entrepreneurial firms will not be more predisposed to discontinuous innovation than larger firms, 
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but rather that both will be systematically enabled to define their own strategies, as was also 

questioned by Damanpour and Wischnevsky (2006).  

Therefore, a revised 21st century understanding of creative destruction, as it was defined by 

Schumpeter, should be established, both at the system and firm level.  Conventional thinking infers that 

innovation as a discipline is largely driven by entrepreneurial firms, while the generative customization 

concept hypothecates it to be potentially driven via an integrated, end to end product design and supply 

chain system regardless of the characteristics of the firm.  A definition of generative customization, in 

the opinion of the author of this thesis, provides a strong definition to support the concept of creative 

destruction and its value to an economy. 

Rogers’ diffusion of innovation theory (1962) identifies five stages of innovation adoption, defined 

as awareness, interest, evaluation, trial and adoption.  In this linear progression, the principal 

undertakes a sociocultural process of adoption, largely driven by the agent.  However, while it is sanitary 

to describe an innovation adoption process in linear terms including the principal, diffusion theory looks 

at the fine and global scales of behavior and the relationships between them, and it illustrates behavior 

and feedback when aggregates of individual behavior scale up to a system level (Rogers et al, 2005).  

Therefore, these discrepancies are obvious: in a linear defined process of adoption, the role of the 

principal is largely, if not entirely passive.  However, in an emergent or CAS representation of this 

diffusion theory that is more represented in a mass customization or generative customization process, 

the principal has a different degree of involvement; therefore the diffusion of innovation process will 

follow a different trajectory.  In generative customization when the consumer’s involvement is virtual, 

the diffusion process will differ from when the consumer is active, as is the case in mass customization.  

Therefore, a definition of generative customization offers an interesting impact to Rogers’ diffusion 

theory of innovation. 
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Bertalanffy (1968) noted that the only goal for science in the past has been analytical, the splitting 

up of reality into smaller units to isolate elements into individual causal trains.  Instead, he noted, 

systems should be organizing themselves by way of progressive differentiation: evolving from states of 

lower to higher complexity.  While systems theory appeared as logical as a foundation for research, it 

was not until the emergence of IT that provided the social sciences with representations of the physical 

world that such concepts could be properly utilized; it is impossible, even though it has been tried, to 

calculate a full scale working model of a CAS by hand (Waldrop, 1992).  Therefore, while the definition of 

generative customization as a discontinuous system can be supported through research at the time of 

the development of this thesis, it is only a recent phenomenon that concepts such as genetic algorithms, 

agent-based modeling and generative design are capable of being utilized in research.  Likewise, 

Holland’s (1992) definition of complex adaptive systems is just gaining prominence in the fields of 

marketing and supply chain.  As such, the author believes that generative customization has great 

potential in enabling the use of systems theory in business applications. 

The Principal-Agent problem, as defined by Eisenhardt (1989) focuses on the difficulties associated 

with incomplete or asymmetric information between principals and agents, defined in contracts of 

employee-worker relationships rather than supply chain system relationships.  The concept of 

generative customization seeks to address conventional agency problems when a linearly defined supply 

chain system that is manufacturer centric is the dominant production system model (as has been 

traditionally defined in a mass production system).  In a conventionally defined supply chain system, the 

agency problem is less of an issue because the market power exists with the agent (and the principal is 

primarily passive), and agents should primarily be concerned only with information requirements 

related to parties linked to it in a linear process.  Conversely, in a production system where the market 

power is focused on the principal and not a dominant agent, and supply chain agent representations are 

fuzzy, or non-linear rather than linear, this agency problem takes on an interesting dimension.  
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Therefore, the development of the generative customization concepts offers an interesting dynamic to 

this agency problem within supply chain systems. 

As noted by Chesbrough (2003), an open system is one that continuously interacts with its 

environment.  In the most liberal context, a supply chain system can be defined as an open system, but 

its finite and linear representation provides a different explanation.  Conversely, the conceptual 

definition of generative customization offers a fuzzy supply chain system, which is not a chain at all.  

Therefore, an application of a generative customization system offers a legitimate possibility of 

Chesbrough’s (2003) theory in practice in marketing and supply chain. 

Lastly, the concept of generative customization provides an interesting perspective on the issue of 

customer choice and behavior in this agency relationship.  Even if market power has evolved the 

consumer into a dominant position in this agency relationship, it does not necessarily mean that as the 

principal, he/she wants to be responsible for a design of the product, or will tolerate a delay in product 

fulfillment.  In fact, market research appears to support the role of the consumer better suited to be 

involved passively rather than actively in the process.  As was found in the survey results from Article 2, 

the consumer may not desire to actively participate in an elicitation process, as is defined to be the case 

today, but it does not mean that he/she is happy with being passively involved in the existing process.  

Therefore, the concept of generative customization can offer an interesting dynamic to the role of the 

consumer in the production process. 

It is believed that the involvement of these theories into a definition of generative customization will 

not only strengthen the validity of it as a product design and fulfillment system, but it was also create 

interesting dynamics as a function of those existing theories as well. 

3.4 MANAGERIAL IMPLICATIONS 
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The findings from this thesis address significant implications to managers of various functions, as will 

be discussed in this section.   

3.4.1 PRODUCT DEVELOPMENT AND DESIGN 

To date, there does not exist a formal methodology for new product development (NPD) for 

discontinuous innovation.  Biazzo (2009) noted that discontinuous innovations are not managed using a 

conventional NPD approach such as Stage Gate, but that does not suggest that an alternative formal 

methodology exists in its place.   In this study, Biazzo (2009) provided categorization schemes for use in 

a discontinuous innovation NPD process, but the paper “does not offer any specific recommendations 

for the formidable task of NPD process design”, which is consistent with a lack of structural process that 

was found lacking in extant research.   The concept of a formal methodology for new product 

development must be viewed differently from a conventional approach; as was defined within the 

generative customization design, the environment is represented by a complex adaptive system, and the 

principal and agents will play different roles, dependent upon the circumstance.  From this thesis, firms 

can appreciate a fuzzy front-end approach to product design, using generative design that is linked 

through supply chain fulfillment.  This provides managers with a different perspective of how products 

should be designed and implemented as a new product entre to the market. 

Another critical contribution from this study for managers is the proposition that “a product can 

only have an innovative design if it is able to be fulfilled”: this differentiates between a product concept 

or invention and an innovation.  Too often, managers responsible for a NPD process will ignore supply 

chain fulfillment elements of a design, instead demanding that downstream production/supply chain 

agents will figure out how it can be fulfillment.  The concept of generative customization concludes that 

the most innovative and even discontinuous design is a function of fulfillment as well as design. 
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The concept of generative design has been rarely used outside of a structural architecture 

design process, and has not been factored in accordance to an overall supply chain system, as is 

attempted in this thesis with generative customization.  Therefore, it is assumed that few managers 

outside of architecture firms have ever heard of the concept, and how it can be applied for use in the 

consumer product industry in order to virtually enable the consumer involvement and elicitation phase 

of new product development. 

3.4.2 MARKETING 

In general, marketing is about principals and agents finding one another, given imperfect 

competition (Smith, 1954), and asymmetric information (Eisenhardt, 1989).  Peter Drucker noted that 

“the aim of marketing is to know and understand the customer so well the product or service fits him 

and sells itself”.  While marketing has been focused on a customer centric approach, it is defined solely 

within an incremental innovation four-box, and not a discontinuous innovation four-box diagram, as 

illustrated on page 14.  From the literature review, it appears as if a lucid articulation of the role of the 

consumer in the product development and fulfillment process has yet to be defined.  With mass 

customization defined as an incremental innovation (I-NL-O), and having the power to lead to the 

“death of marketing” as a function of principal owning the market power (Holbrook and Hulbert, 2002), 

a virtual consumer  definition (Proposition P2 from Article 3) may offer marketing practitioners an 

interesting perspective regarding the future of its discipline.  

Regarding the concept of generative customization, marketers should consider two critical 

messages related to discontinuous innovation and the role of marketing: the existing parameters of 

marketing have been found in research to more often prohibit rather than enable discontinuous 

innovation, therefore, limiting the usefulness of the discipline.  Marketers must be able to balance their 

relevancy to the strategies of the static (market equilibrium), incremental and disruptive (discontinuous 
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innovation) environments, needing to meet the needs of current consumers, while redefining markets 

of the future (creating new definitions of consumers and markets).  These ties to the second learning of 

the goal of marketing needing to be redefined as not just to understand the customer, but also to 

understand markets.  In the former, a definition of a consumer is irrational and subjective, and 

therefore, difficult to define and manage.  However, in the latter, if markets are understood, they can be 

defined, which is a large element of discontinuous innovation.  Through generative customization, new 

markets can be conceptualized and fulfilled.  This may provide a radical departure of thinking to existing 

marketing principles and theories. 

3.4.3 OPERATIONS MANAGEMENT/SUPPLY CHAIN 

A paradigm exists with many manufacturing and supply chain managers that their objectives 

related to innovation, if they have any at all, are to achieve efficiencies only, such as an incremental 

design, as defined by Dell Computer in the 1990s.  In many cases, this is perpetuated through supply 

chain managers not being directly involved in a NPD process, or involved at the later stages of the 

process (as exists in a Stage Gate approach).  New concepts in back-end fulfillment system such as lean 

manufacturing, world class manufacturing, make to order, concurrent engineering, supply chain 

postponement and modularity, to name a few, have not been integrated into front-end product design 

processes, leaving supply chain managers with only tactical and incremental opportunities for 

improvement, as is noted above.   

It is assumed that generative customization is the first end to end supply chain system process 

that links a methodology of product design for discontinuous innovation with supply chain fulfillment for 

efficiency purposes.  In a CAS system environment, back-end manufacturing and supply chain agents are 

involved when and where necessary, versus a Stage Gate approach where they are structurally involved 

consistently, regardless of the environmental and principal-agent variables.  Manufacturing and supply 
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chain managers defined as having a fuzzy involvement definition is a paradigm shift for disciplines 

traditionally aligned to linear models of design and involvement.  Generative customization establishes 

this as a need, suggesting that a lack of collaborative involvement for agents and the principal in the 

development and fulfillment process will not be able to support discontinuous innovation. 

The concept of a self-organizing supply chain (PropositionP3 of Article 3) through the use of 

agent-based modeling (ABM) offers another interesting application to operations and supply chain as a 

function of generative customization.  A conventional definition of supply chain infers a linear and static 

relationship, which may inhibit discontinuous innovation from the front-end of the process.  Instead, the 

agency relationships between the principal (in this case to be the OEM) and the agents (suppliers), when 

defined as non-linear and dynamic can offer transformational possibilities. 

3.4.4 INFORMATION TECHNOLOGY 

Research studies have found while information technology is critical in the development and 

implementation of innovation, it has yet to achieve this purpose.  In many cases in the private sector, 

the focus for IT is on reducing cost (Strassmann, 1990), or reducing agency problems (Eisenhardt, 1989) 

rather than enabling innovation.  From Article 3, Proposition P4 identified IT as the primary entity 

necessary to integrate product design conceptualization and fulfillment for discontinuous innovation.  

This provides IT managers with an opportunity to utilize information technology beyond the 

conventional definitions of today. 

From this thesis, cutting edge IT concepts have been identified as critical and necessary to explore, 

such as open source systems (OSS), generative design, agent-based modeling (ABM), evolutionary 

algorithms (EAs), such as genetic algorithms, and an effective use of public IT infrastructure, such as a 

Universal Description, Discovery, and Integration (UDDI) registry or the National Design Repository 

(NDR).  Furthermore, this thesis provides an explanation regarding the problems associated with 
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equation-based model (EBM) techniques being used today, particularly related to the use of Enterprise 

Resource Planning (ERP) tools and its unintended detrimental impacts on resolving agency problems to 

enable innovation.   

The use of genetic algorithms, agent-based modeling, and generative design for practical 

applications in product design through supply chain fulfillment is a consideration for IT managers, given 

the lack of precedence of this happening in the past.  The development of pseudo code, genetic 

algorithm designs, and ABM models for generative customization will enable IT managers to understand 

these practical applications for future use. 

3.5 LIMITATIONS 

Given the extensive nature of research and discovery required to develop an end to end product 

design and fulfillment system, spanning various discrete (and often independent) disciplines, there are 

limitations related to this thesis that should be understood.  First, a lack of an integrated system for 

discontinuous innovation from extant literature is a limitation due to a lack of a foundation of empirical 

research.  While most, if not all of the concepts studied in this thesis have been studied independently, 

these concepts have not been have conjointly explored in connection for a “general theory of 

discontinuous innovation”.  Consistent with the problems associated with mass customization not 

having this type of general theory, and the associated problems as a result (Salvador et al, 2009), even 

after the existence of the discipline within research for over twenty years, a lack of a “general theory” of 

a concept such as generative customization is a limitation to this empirical research.  

While there are various theories that were used in this thesis to support various areas of the 

research, there was not a solid theoretical framework available for the development or definition of a 

discontinuous supply chain system.  Therefore, to address the main research problem, propositions and 

a conceptual framework were used to establish this foundation upon existing theoretical constructs.  
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The concept of discontinuous innovation is largely conceptual, with some past research having been 

conducted in the field of product development, but very little in other critical areas, such as marketing, 

operations research, and supply chain management.  Christiansen (1997) faced this same problem, 

asserting that discontinuous innovation must be generated in an exploratory sub-unit, only later to 

reconsider, most likely due to a lack of a theoretical framework for the concept.   

Thirdly, the novelty of the topic and supporting concepts is highlighted in this thesis.  Generative 

design, evolutionary algorithms/genetic algorithms, ABM, and complex adaptive systems are not widely 

understood in the fields of social science.  Without a clear understanding of many of these topics from 

extant research in social science, it can be more difficult to determine how these relatively untested 

concepts integrate with each other and other elements of the designed structure. 

Next, because generative customization was only defined within the construct of this thesis, there 

was no available data and data sources available to use in conducting empirical research.   A lack of data 

is defined as public databases and research studies, and a data source is defined as a sample population 

available that may not have been used in the past, but is viable to be used for studies to support this 

thesis.  For Article 2, data sources were identified related to perceptions, willingness and abilities for 

mass customization, and inferences from these results were carried forward to discontinuous 

innovation.  In other aspects of the thesis, no data was used, instead, relying upon conceptual 

frameworks and mathematical models to represent the findings.  To support the propositions of Article 

3 would be difficult to capture in a survey to either principals or agents, given a lack of clarity regarding 

a definition of generative customization.  Even after the concept has been in existence since 1987, mass 

customization was not clearly understood across the sample populations of the survey used for Article 2, 

identifying data issues uncovered in this thesis. 
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Finally, the rather segmented approach to the research being conducted in the various areas (e.g., 

innovation studies, NPD, mass customization, genetic algorithms) created limitations in the cross-

pollination of ideas within the research community, and in the publication of articles into journals.  

Collaboration efforts in research were limited in some areas, and non-existent in others.  Lastly, while 

there was excellent interest from journals regarding the papers being presented, some of the journal 

reviewers were uncomfortable with the presentation of such a multi-disciplinary concept, causing issues 

in the rate of adoption, consistent with Rogers’ (1962) diffusion theory! 

3.6 RESEARCH DIRECTIONS 

Contrary to the limitations and challenges associated with casting a wide net relative to this 

research problem, there are numerous opportunities available from this thesis for future research 

directions.  As a word of caution, it may appear to be more logical and sanitary for researchers to focus 

on isolated elements of a generative customization system, doing so will ignore the primary tenets of 

this concept.  Noted in the following paragraphs are opportunities to extend the research of this thesis 

from an overall system standpoint. 

First, the use of genetic algorithms, agent-based models, and generative design needs to be 

explored in more detail related to this concept of generative customization.  Article 4 defines the use of 

these techniques as a concept, but only within the front-end sub-system of generative customization 

(and not the back-end fulfillment sub-system and the integrated system view).  This thesis explores the 

use of interactive genetic algorithms (IGAs), first discussed by Lee and Chang (2010) as an approach that 

balances the benefits of this advanced search technique, but also including involvement from an agent 

in the process (e.g., product designer).  This enables a generative design process to occur via optimizing 

the use of human cognition and computerization to establish discontinuous designs.  Further, the use of 

genetic algorithms also shows great promise in supply chain fulfillment utilization through an IGA 
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approach, allowing for the production agents to analyze the impact that various discontinuous designs 

may have on the supply chain system. 

Specifically, a research study can create discontinuous innovative product designs via the use of 

genetic algorithms, agent-based models and generative design principles.  A specific industry or product 

line can be profiled, and the researcher can illustrate an IGA methodology, prototyping how innovative 

products can be achieved as a result.  This research can seek to illustrate the difference and 

collaboration between invention (the use of IGA to develop innovative break-through products), and 

innovation (invention that consumer markets will adopt).   

Rogers’ (1962) diffusion of innovation theory can be studied in depth relative to innovation adoption 

rates for generative customization in comparison to rates for mass production and mass customization.  

The author of this thesis hypothecates that the results from this study will find unique adoption patterns 

between generative customization and mass customization, with faster rates from generative 

customization versus mass customization.  This may provide an interesting debate regarding the 

diffusion and innovation and its validity as a theory to future markets. 

A greater understanding of the concept of discontinuous innovation and complex adaptive systems 

(CAS) was introduced in this thesis and needs to be explored in future research as well.  Rogers et al 

(2005) found the diffusion of innovation model and CAS to be coterminous since they share similar 

qualities of adaption and adoption.  The author suggests that the combination of innovation and CAS 

should “lead to a more rapid rate of adoption or emergence, resulting in a higher-order, fitter system”, 

implying that a strong correlation exists.  Research should focus on the usefulness of these phenomena 

upon each other, and their shared favorable impact on a business ecosystem.  Studies should also model 

how the use of generative customization can utilize innovation and CAS within an applied system. 
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 From Article 2, a survey was conducted to understand a consumer’s perception, willingness and 

abilities regarding a mass customization system of production.  From these results, inferences were 

made regarding the viability of a generative customization system to achieve consumer’s goals related 

to discontinuous innovation virtually rather than requiring active involvement.  These results were 

indirectly supported through consumer behavior and customer choice theory, but not directly 

supported, given the newness of the concept of generative customization.  Therefore, a future research 

study should simulate a generative customization process and compare its results and consumer 

involvement expectations and compare this to the same for mass production and mass customization to 

establish differences and similarities.  As is noted above, the author of this thesis hypothecates that 

consumers will have a stronger perception and willingness to participate in a generative customization 

system than a mass customization one. 

In order to better understand generative customization, additional case studies should be 

conducted, beyond the research from Article 5.  Studying a specific firm and industry will provide insight 

to how to utilize this approach in practice.  The researcher can establish contact with a firm, understand 

its business model, consumers, agents, and business environment, and construct a pro forma design of 

generative customization.  With this information, the researcher can present his/her findings to the 

senior leadership of the firm to determine its viability.  These results can be published in case study 

format to establish the viability of generative customization.   

The generative customization conceptual framework should be analyzed through the use of agent 

based modeling and simulation software.  In this study, principals and agents can be defined within a 

CAS environment for a certain industry.  Once defined, a discontinuous innovation opportunity can be 

presented to understand whether generative customization is a viable end to end solution for this 

problem.  Specific objectives can be established, such as investment requirements, and market adoption 
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rate to determine whether the investment associated with generative customization is lower, and 

adoption rate is faster, both of which are assumed within this model. 

Further research should be undertaken related to a logical and physical information technology (IT) 

system design for generative customization, being extended from Article 4.  From this study, pseudo 

code and a case study presentation can be completed to extend Proposition P4 of the generative 

customization conceptual framework for the logical design, including a discussion of these changes and 

existing ERP systems, the use of XML, etceteras.  From a physical architecture standpoint, further 

explanation can focus on the use of UDDI, including an analysis of its existing use, and how the Internet 

or even an Extranet can be utilized to enable discontinuous innovation via generative customization. 

Convergence theory is another element of this research topic that can be explored.  In stochastic 

convergence, it is expected that random or unpredictable events or phenomenon will settle into a more 

predictable pattern.  Therefore, according to this theory, more consumer data being input into a 

generative design logical framework will eventually lead to deterministic or predictable outcomes, 

therefore, essentially negating the use of generative customization for the use of discontinuous 

innovation.  If the probability of the next outcome is increasingly similar to a certain distribution, by 

definition, discontinuous innovation will be difficult to achieve through this system. 

3.7 CONCLUSIONS 

The initial purpose of this doctoral research was to establish mass customization as an alternative 

system to mass production, but the results of the literature review and research findings found this to 

be impractical.  As a result of the challenges associated with undertaking this research path, a wider 

research net was cast, and as a result, the concept extended first into areas of systems theory and 

complex adaptive systems, and then into creative destruction and discontinuous innovation.  Further 

extensions of the research ventured into cutting edge topics such as agent based modeling and 
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simulation (ABMS), genetic algorithms, and generative design, which solved for the research problem 

more effectively than the intended solution when the research problem was commenced.    

This paper also posed a great challenge in balancing new concepts and critical theoretical 

constructs, as well as conventional terms of empiricism (through the use of equation-based models) and 

emerging forms.   

Lastly, given the research problem of this thesis is related to discontinuous innovation, which is a 

cognizant break between market equilibrium/routine innovation and radical/discontinuous innovation, 

this thesis has also sought to balance the same in its research direction.  Instead of generative 

customization becoming an incremental change from a mass production or mass customization design 

and production system, it represents a break, or radical departure in its approach.  Therefore, the goal 

of the end result was to build a product design and supply chain system concept that balances rigorous 

theory and methodology with breakthrough concepts and methodologies.  It is hopeful that this goal 

was accomplished in this thesis. 
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4.0  APPENDIX 

Article A - Buffington, J. (2010).  A Conceptual Framework for Innovation using Complex Adaptive 
Systems, International Journal of Business Systems and Research, under review. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 

The definition of the term innovation in business appears to be lacking a structural 

component to analyze its contribution in today’s dynamic 21st century environment.  In the past, 

it was defined in Schumpeterian terms, through creative destruction, which considers the 

destruction of an environment as optimal in order to create something innovative.  After a review 

of past research, the author believes that a Complex Adaptive System (CAS) approach is more 

suitable, enabling firms to determine the approach to innovation based upon the adaptivity of 

agents in an open system business environment.   

A conceptual framework model is developed to define the term innovation in one 

aggregate context.  From this study, it was found that firms must develop innovation strategies 

that allow for the greatest adaptivity within their environments, as opposed to a Schumpeterian 

approach that is relatively void of any collaboration.  Finally, future research possibilities are 

outlined for use with this model.   
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Article B - Buffington, J., and Amini, M. (2010).  Development of an Information Technology Solution for  
‘Generative Customization System for Discontinuous Innovation’, Journal of Engineering and Technology 
Management, under review. 

 

ABSTRACT 

The intended goal of an IT system is to represent the existing business environment of its supply 

chain system, yet today’s ERP systems are often linear, structured and predetermined while the 

corresponding business environment is best described as quite the opposite.  To achieve 

discontinuous innovation in product design, a new concept of generative customization is 

introduced from past research, which mirrors an open system best described as a complex 

adaptive system (Holland, 1992).  From a thorough literature review of existing IT system 

practices and emerging concepts, an IT system is designed to enable generative customization in 

order to achieve discontinuous innovation in product design.  The resulting IT system design is 

significantly different from today’s predominantly ERP-centric system design, and as a result, may 

create a paradigm shift in strategy within corporate IT strategies. 

 








