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emergence of competition and process innovations (manufacturing improvements). 
As the life cycle proceeds, a dominant design usually emerges prior to standardisa-
tion and an emphasis on lowering cost. This model can be applied to many con-
sumer product innovations over the past 20–30 years, such as VCRs, CD players 
and mobile phones. The so-called sailing ship effect can sometimes enable old tech-
nologies to have new life (see Illustration 1.6).

Open innovation and the need to share and exchange 
knowledge (network models)

Innovation has been described as an information–creation process that arises out of 
social interaction. Chesbrough (2003), adopting a business strategy perspective, 
presents a persuasive argument that the process of innovation has shifted from one 
of closed systems, internal to the firm, to a new mode of open systems involving a 
range of players distributed up and down the supply chain. Significantly, it is 
Chesbrough’s emphasis on the new knowledge-based economy that informs the 
concept open innovation. In particular, it is the use of cheap and instant information 
flows that places even more emphasis on the linkages and relationships of firms. It is 
from these linkages and the supply chain in particular that firms have to ensure that 
they have the capability to fully capture and utilise ideas.

Furthermore, the product innovation literature, in applying the open innovation 
paradigm, has been debating the strengths and limitations of so-called user toolkits, 
which seem to ratchet up further this drive to externalise the firm’s capabilities to 
capture innovation opportunities (von Hippel, 2005).

Authors such as Thomke (2003), Schrange (2000) and Dodgson et al. (2005) 
have emphasised the importance of learning through experimentation. This is sim-
ilar to Nonaka’s work in the early 1990s, which emphasised the importance of 
learning by doing in the ‘knowledge creating company’ (Nonaka, 1991). However, 
Dodgson et al. argue that there are significant changes occurring at all levels of the 
innovation process, forcing us to reconceptualise the process with emphasis placed 
on the three areas that have experienced most significant change through the intro-
duction and use of new technologies. These are: technologies that facilitate cre-
ativity, technologies that facilitate communication and technologies that facilitate 

Illustration 1.6

The ‘sailing ship effect’

The so-called ‘sailing ship effect’ often has been 
stated as though there is no doubt that it really 
took place at the end of the nineteenth century. 
The notion is that the substitution threat of new 
radical technologies (steamships) may lead to a 
renewed spurt of innovation in an old and estab-
lished technology (sailing ships). Recently, 

Mendonça (2013) reviewed the field of maritime 
history and shows that the effect is nowhere to be 
found, even in the very case from which it derives 
its name. Mendonça says the modernisation of 
the sailing trader occurs before, not after, the 
steamship had become an effective competitor.
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Doing, using and interacting (DUI) mode of innovation
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manufacturing. For example, they argue that information and communication 
technologies have changed the way individuals, groups and communities interact. 
Mobile phones, email and websites are obvious examples of how people interact 
and information flows in a huge osmosis process through the boundaries of the 
firm. When this is coupled with changes in manufacturing and operations tech-
nologies, enabling rapid prototyping and flexible manufacturing at low costs, the 
process of innovation seems to be undergoing considerable change (Chesbrough, 
2003; Dodgson et al., 2005; Schrange, 2000). Models of innovation need to take 
account of these new technologies, which allow immediate and extensive inter-
action with many collaborators throughout the process from conception to com-
mercialisation.

Table 1.6 summarises the historical development of the dominant models of the 
industrial innovation process.

Doing, using and interacting (DUI) mode of innovation

Researchers have recognised for many years that in low and medium technology 
(LMT) intensive industries the traditional science and technology model of inno-
vation is not applicable and cannot explain continued product and process innova-
tions (see Arrow, 1968; Bush, 1945; Fitjar and Rodriguez-Pose, 2013; Maclaurin, 
1953; Pavitt, 2001). Further, in the classic article by Pavitt (1984: 343–73) he 
spelt out, in his typology of firms, that ‘LMT industries are characterised by pro-
cess, organisational and marketing innovations, by weak internal innovation capa-
bilities and by strong dependencies on the external provision of machines, 

Table 1.6 The chronological development of models of innovation

Date Model Characteristics

1950/60s Technology-push Simple linear sequential process; emphasis on R&D; the 
market is a recipient of the fruits of R&D

1970s Market-pull Simple linear sequential process; emphasis on 
marketing; the market is the source for directing R&D; 
R&D has a reactive role

1970s Dominant design Abernathy and Utterback (1978) illustrate that an 
innovation system goes through three stages before a 
dominant design emerges

1980s Coupling model Emphasis on integrating R&D and marketing

1980/90s Interactive model Combinations of push and pull

1990 Architectural 
innovation

Recognition of the role of firm-embedded knowledge in 
influencing innovation

1990s Network model Emphasis on knowledge accumulation and external 
linkages

2000s Open innovation Chesbrough’s (2003) emphasis on further 
externalisation of the innovation process in terms of 
linkages with knowledge inputs and collaboration to 
exploit knowledge outputs
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