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Research Background
Innovation is a hybrid concept that has evolved over time and adapts itself to changing conditions
(Fagerberg et al., 2006). It plays a major role in the growth and economic competitiveness
of companies, industries and countries (Gardiner, 2010). The definition of innovation varies
depending on the context but one can define it as the introduction of new things, ideas or ways
of doing something (Venuvinod, 2010). Over time the understanding of innovation has evolved
and was recognized by Austrian economist Joseph Schumpeter, who considered innovations as
the introduction of a good product, methods of production which are new to a particular branch
of industry, the opening of new markets, the use of new sources of supply, or the new form of
competition (Schumpeter, 1934, 1939). Innovation can also be defined as improvements in
technology and better methods or ways of doing things, or the application of new ideas to firms,
regardless of whether the new ideas are embodied in products, processes or services (Grant,
2012). Fagerberg et al. (2006) argues that the function of innovation is to introduce novelty
into the economic sphere and is crucial for long-term economic growth.
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Innovation management is a discipline, which involves building knowledge and searching
for unique opportunities, that fit the organization’s strategic direction. Knowledge is considered
as an economic driver and a knowledge-based economy is defined as an economy directly
based on the production, distribution and use of knowledge (European Commission, 2004). In
addition, this knowledge-driven economy is at the heart of the technological era, which affects
the innovation process as it strengthens the growth of all economies and sustainability paths
(OECD, 2016). The increasing importance of knowledge as an economic driver has major
implications for innovation management, which is a key determinant of competitiveness in the
global knowledge-driven economy.
Consequently, companies invest in innovation to build knowledge and thus increase competitive advantage. Front-end innovation (FEI) projects, and in particular technology development
projects, are therefore a fundamental component of innovation and a crucial factor in developing new competitive advantages. Technology Development Process, is a directed process at
developing new knowledge, skills and artefacts that in turn facilitates platform development
(Halman et al., 2003), which leads in product/ process development (Cooper, 2007; Högman
and Johannesson, 2013). The technological outcomes from such process are by definition
new, different and unpredictable (Ajamian and Koen, 2002; Eldred and Mcgrath, 1997). It
is often located at the front-end of innovation, within the innovation management processes
(Fig.1). Opportunity-driven and idea-driven processes are the origin of all innovations, and
contribute greatly to the potential (Ford et al., 2016; Goffin and Mitchell, 2016); however, not
all innovations can be realised and structured technology development processes are usually
required to identify the best of them and next course of action (Cooper, 1999; Cooper et al.,
2001, 2002; Cooper and Mills, 2005).
In this paper, we contribute to the growing literature on technology development processes
by producing a narrative and descriptive literature review on technology development process
(TDP) models.

Methodology
The paper aims to summarise the existing work on TDP models. To carry out the literature
review, the narrative literature review approach has been adopted (Cronin et al., 2008), and
a research search strategy has been developed (Creswell, 2013; Robson, 2011). The articles
on TDP models were identified from the Scopus database to find the most relevant published
articles or in press articles. Also, published articles and working articles were identified using
a snowball effect, with relevant literature We search within the tittle, abstract and key words
for various terms such as "front end innovation", "front end idea screen", "Fuzzy front innova-
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tion", "Innovation management", "Idea screening", and "fuzzy front end". The search is then
narrowed to documents that also contain either in the tittle or the abstract or in the key words,
the terms "technology development", "technology development process", and "technology
stage gate". In order to focus on recent literature, the search is limited publications after the
year 1990, and which refer to frameworks or processes. The reference lists of the published
research on the FEI are scanned, and then put into categories (Table 1), to establish the baseline
leading to technology development process models. The purpose of presenting the research on
TDP models is to provide the readers with the latest research on the features of each TDP model.
Table 1 Literature terms relative to Front End of Innovation, adapted from Teza et al. (2015)
Term
Fuzzy
end

front

Literature
Cao et al. (2011); Christiansen and Gasparin (2016); Cooper (2006b); Danguleva (2014);
De Brentani and Reid (2012); Dornberger and Suvelza (2012); Eling et al. (2014); Galbraith
et al. (2006); Högman (2011a); Husig and Kohn (2003,?); Khurana and Rosenthal (1998);
Koen et al. (2001); Kurkkio (2011); Martinsuo and Poskela (2011); Mendes and Toledo
(2011); Montoya-Weiss and Calantone (1994); Riel et al. (2013); Schulz et al. (2000);
Sommer et al. (2015); Takey and Carvalho (2016); Teza et al. (2015); Wowak et al. (2016)

Front End of
Innovation

Chen and Katilla (2008); Cooper (2006b, 2014); Cooper and Edgett (2010); De Brentani
and Reid (2012); de Oliveira et al. (2015); Dornberger and Suvelza (2012); Galbraith et al.
(2006); Högman (2011b); Högman and Johannesson (2010); Hultgren and Tantawi (2014);
Ilevbare (2013); Koen (2004); Koen et al. (2001, 2014b); Markham (2013); Riel et al.
(2013); Takey and Carvalho (2016); Teza et al. (2015)

Front End process

Cooper et al. (2002); Cooper and Mills (2005); Dang et al. (2012); Danguleva (2014);
Martinsuo and Poskela (2011); Nobelius (2002); Teza et al. (2016, 2015)

Front End of
New Product
Development
/Predevelopment

Ajamian and Koen (2002); Chen and Katilla (2008); Cooper (2009, 1990, 1999, 2006b,
2007, 2008b, 2014); Cooper and Edgett (2008a,b, 2012, 2014a); Cooper and Kleinschmidt
(1986); Danguleva (2014); Dewulf (2013); Florén and Frishammar (2012); Hultgren and
Tantawi (2014); Ismail et al. (2012); Jugend et al. (2015); Khurana and Rosenthal (1998);
Kobe (2001); Koen (2004); Koen et al. (2014b); Kurkkio (2011); Kurkkio et al. (2011);
Martinsuo and Poskela (2011); Mendes and Toledo (2011); Schulz et al. (2000); Sommer
et al. (2015); Takey and Carvalho (2016); Teza et al. (2015); Warren (2004)

Early Phases
of Innovation

Dewulf (2013); Koppinen et al. (2010); Neumann (2006); Nobelius (2002); Teza et al.
(2015)
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Technology Development Process Models
Innovation management, and in particular, the FEI sometimes defined as technology development (Cooper, 2007), or referred to as the fuzzy-front end (Koen et al., 2014b), have received
substantial research attention over the last decade. Fig.1 shows the location of the TDP, within
the innovation management funnel (Chesborough, 2007; Chesbrough, 2003, 2012), which is
similar to the proposition put forward by Ajamian and Koen (2002); Cooper (2007); Koen et al.
(2014b). In addition, these can be further enhanced by the industrial emergence framework by
Phaal et al. (2011), where we argue that the TDP can be found between the science-technology
transition and the technology-application transition, where the project has moved past research
and is within the technology dominated (embryonic) phase (Fig.2).

Fig. 1 Innovation management funnel and TDP, source: Mortara et al. (2009b,c)
The FEI covers the period from the idea generation to its approval for development (Dewulf,
2013), and commences when an opportunity is first considered worthy of further ideation,
exploration and assessment (Khurana and Rosenthal, 1998). We define the front end phase
as all the innovation activities up to and including the application stage gate decision point
(Fig.12) (Cooper, 2007; Dewulf, 2013).
Technology in relation to innovation is considered as an enabler, consisting of theoretical and
practical knowledge that can be used to develop products and services (Burgelman et al., 2009;
Nieto, 2003, 2004; Nieto and Quevedo, 2005). Burgelman et al. (2009) argues that technologies
are usually the outcome of development activities to put inventions and discoveries to practical
use, and in industry there is rarely the separation between technology development processes
and product development processes. Technology development aims to develop and mature new
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Fig. 2 Industrial Emergence Transitions, source: Phaal et al. (2011)
technologies in directed efforts prior to their introduction in the development of a particular
application, product, process, license activity (Cooper, 2006b, 2007).
Technology development is defined as a directed effort at developing new knowledge, skills
and artefacts that in turn will facilitate platform development (Halman et al., 2003), which
leads in product/ process development (Högman and Johannesson, 2013; Kim and Kogut, 1996;
McGrath, 1995; Prahalad and Hamel, 1990). It can be embodied in people, materials, cognitive
and physical processes, plant, equipment and tools (Burgelman et al., 2009). It is by definition
new, different and unpredictable (Ajamian and Koen, 2002; Eldred and Mcgrath, 1997), and it
is often located at the FEI (Koen, 2004). Technology development is different compared to
product development in a number of dimensions (Nobelius, 2002), and the literature argues
that these should be studied differently (Cooper, 2006b; Martinsuo and Poskela, 2011).
Traditional product development processes are usually focused on the development of
incremental ideas. These ideas or projects are relatively low risk, and thus risk management
decisions are mainly based on market analysis and financial returns. However, these selection
criteria are insufficient to be used for high risk and high uncertainty projects (Martinsuo and
Poskela, 2011), like technology projects (Cooper, 2006b).

Fig. 3 New product development process, source: Cooper (1990)
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There is a substantial amount of literature on the nature of the New Product Development
(NPD) process. Cooper and Kleinschmidt (1986) look into the activities of the process when a
product moves from idea to launch, and explore the effectiveness and impact of these on project
outcomes (Cooper and Mills, 2005). They argue that a higher proficiency in the initial screening
stage is needed, which is strongly correlated with all measures of project performance. The
most common industry model to conduct product development is the stage-gate model (Cooper,
1990). Cooper (1990) identifies the need for a better new product management process, where
value is defined as the long term investment and the company’s degree of innovativeness, and
proposes the stage-gate model (Fig.3). Using this models, Cooper (2014) argues that better
project evaluation can be achieved (Cooper, 2006a,c; Cooper and Edgett, 2006a,b; Cooper and
Mills, 2005).
Over the years, literature concerning the distinction between technology development
and product development has grown. Eldred and Mcgrath (1997) argue for making such a
separation in order to accommodate the differences in characteristics of technology and product
development. Cooper (2006b) proposes the stage-gate model for technology development,
stressing that the process has to be adapted to the special characteristics inherent in exploratory
work, where the outcome is new knowledge rather than a product (Cooper, 2007). He goes one
step further to describe the invisible success factors in innovation for doing the right projects
and doing the projects right (Cooper, 1999; Cooper et al., 2001, 2002). Table 2 shows the
difference between TDP and NPD from a variety of dimensions (Dewulf, 2013; Högman and
Johannesson, 2013; Nobelius, 2002).
Table 2 Differences between technology development and product development (synthesized
from Dewulf (2013); Högman and Johannesson (2010); Nobelius (2002)
Dimension
Nature
Method
Degree of formalization
State of an idea
Technical Maturity
Time commitments
Competence required
Uncertainty
Risk
Process repeatability
Completion point
Development result
Damage if abandoned

Technology Development
Problem focused
Exploration oriented
Low
Probable, fuzzy
Technology evaluation
Long-term
Unclear
High
High
Low
Unclear
Knowledge, capability
Relatively small

Product Development
Solution focused
Exploitation oriented
High
Determined, clear
System integration
Short-term
Clear and predictable
Low
Low
Higher
Sharp
Marketable product, service etc.
Substantial
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Despite the large amount of literature on the NPD process and methods, and the differences
between NPD and TDP, there is limited literature on the TDP, its models and how they are used.
Table 3 shows the TDP models in the literature. These models share many similarities, with
both advantages and disadvantages. The most important similarity is the purpose they are used,
and specifically for managing the TDP and facilitating rational decision making in evaluating
technology projects. All the models from Table 3 attempt to consider the uncertain and risky
nature of technology development, its benefits in the long term strategic landscape of the firm,
and its differences from traditional NPD processes (Table 2). The most widely known model is
the Technology Stage Gate model, proposed by Cooper (2006b, 2007), which many firms make
use today due to its simplicity. In the rest of the section, we review the models found in Table 3.
Table 3 Technology development models in the literature in order of publication year
Model
Technology Realisation and
Commercialisation (TRAC)
Holistic Front-End
Exxon Research and Engineering (ERE) technology advancement
Technology development knowledge building
Total technology development
New Concept Development
(NCD)
TechSG
Global Enterprise Technology
System (GETS)
Technology Stage Gate (TSG)
Technology acquisition stage
gate
Theoretical model of TDP
BIG picture

Origin
Industry (PRTM)

Author
Eldred and Mcgrath (1997)

Academia
Industry (Exxon)

Khurana and Rosenthal (1998)
Cohen et al. (1998)

Industry (Rohm and Haas)

Sheasley (1999, 2000)

Academia
Academia

Schulz et al. (2000)
Koen et al. (2001)

Academia
Industry (Boeing)

Ajamian and Koen (2002)
Lind (2006)

Academia
Industry

Cooper (2006b)
Cáñez et al. (2007)

Academia
Industry

Caetano et al. (2011)
Lercher (2016a)

8
Technology Realization and Commercialisation (TRAC) model
The TRAC model is an integrated methodological approach for managing technology development (Eldred and Mcgrath, 1997), which efficiently evaluate the suitability of a given
technology for commercialization. It consists of four elements: a review process, a team, a
senior review committee and a structured methodology. This is shown in Fig. 4). The review
process provides an overall framework, which consists of a series of pre-agreed technical
reviews at the end of each development stage, with the senior review committee. In addition,
the team leads the effort to plan, execute and evaluate the various stages.
Eldred and Mcgrath (1997) argue that the TDP of a company should implement a company’s
strategy and transfer technology to the NPD process. They argue that using this review process
should improve decision making; however, they note that there are high risks and uncertainty
involved with these kind of projects and thus there should be no guarantee that a technology
project will succeed.

Fig. 4 Technology realization and commercialization model, source: Eldred and Mcgrath
(1997)
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Holistic Front-End model
The holistic front end model is a 3-phase process view that manages the activities taking place
at the front end, just before the NPD process (Khurana and Rosenthal, 1998). Its purpose is to
understand and manage the interrelationships between product and strategy with the focus being
on foundation technology developments in the first phase. In this phase, the TDP activities,
such as ideation , market analysis, opportunity identification, technology analysis are taking
place, followed by conceptualization and feasibility, similar to the TSG (Cooper, 2006b).
Khurana and Rosenthal (1998) argue that this model effectively links the strategic, operational, informational and organizational perspective of the development process (Fig.5), similar
to Eldred and Mcgrath (1997). They also argue that there is no successful universal system to
structure the fuzzy front end.

Fig. 5 Holistic front end model, source: Khurana and Rosenthal (1998)
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Exxon Research and Engineering (ERE) technology advancement Model
This model builds on the product development gating system, recognizing that research of
a fundamental nature is often required to generate science-based technologies (Cohen et al.,
1998). It adds early stage gates for the basic research phases of technology development (Fig.
6), to provide direction for the success of science-based technologies (Phaal et al., 2012).
Cohen et al. (1998) identify the need to provide direction for the success of science-based
technology developments, tracking progress and research aims, and integrating it with applied
exploratory research and development components, similar to the TSG (Cooper, 2007).

Fig. 6 ERE technology advancement model, source: Cohen et al. (1998)

11
Technology development knowledge building Model
The technology development knowledge building model focuses on the nature of discovery,
or the search for new knowledge. Sheasley (1999) argues that it is a process of discovery or
exploratory research for acquiring knowledge (Figure 7), which can later be utilized in the
design of new products to meet market needs. It is fundamentally different from developing new
products Cooper (2006b); Eldred and Mcgrath (1997). The concepts of cycle time management
can provide a framework and protocol for managing technology development (Sheasley, 1999).
Effective oversight requires a strategy for assessing progress in such learning-intensive,
discovery-oriented research and ensures value alignment with the business (Sheasley, 1999,
2000). The stages of the knowledge building model (Figure ??) resemble the ones proposed
by Cooper (2006b) in the Technology development stage gate model, but Sheasley (1999)
emphasizes the iterative learning process as central and does not frame technology development
by a sequential process model.

Fig. 7 Technology Development Knowledge Building model; Source: Sheasley (1999)
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Total technology development Model
This model has its origins on systems theory, and proposes a separate TDP from NPD process,
in a distinct and clearly defined technology steam (Schulz et al., 2000). The model mainly
focuses on the deployment, analysis and selection of business strategies, and the transference
of technologies to the NPD process.
With challenges such as shortcomings within development systems and use of inappropriate
processes, Schulz et al. (2000) propose the separation between TDP and NPD process, and
even further to separate between primary and secondary technology development (Fig.8). They
define primary technologies as the ones, which directly enhance one or several functions of a
system and secondary technologies as the ones, which enable the realization of the primary
technologies. The model includes four main phases, very similar to the NCD model by Koen
et al. (2002), and the four stage-gate TSG model proposed by Cooper (2007).

Fig. 8 Total technology development model, source: Schulz et al. (2000)
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New Concept Development (NCD) model
The NCD model is focused at the FEI and covers the activities coming prior to formal, structured
product and process development Koen et al. (2001). The model is shown in Fig. 9 and consists
of three elements: the inner area, which defines the five key elements comprising the FEI
(Koen et al., 2001); the engine driving the five FEI elements and fuelled by leadership and
organizational culture; and the influencing factors consisting of organizational capabilities,
business strategy, and the outside world.
In addition, the NCD fuels both the TDP and NPD process (Koen et al., 2002), and is
very similar to the TSG model by Cooper (2006b). Both models make reference to the TDP
and the TSG, which is described in three phases, the initial idea genesis/ selection phase,
the information gathering phase, and the concept/ technology definition phase. Koen et al.
(2014a,b), through two industrial studies, argue that this evolutionary process is essential to
build knowledge and understanding of a discovery, and identify the most effective path forward
at the FEI.

Fig. 9 New concept development; source: Koen et al. (2002)

14
Technology Stage Gate (TechSG) model
This model manages technology development efforts, and is concentrated at the FEI, where
there is high uncertainty and risk. This particular model provides a comprehensive system
approach for all elements of the TDP to come together, very similar Schulz et al. (2000).
While all the previous models describe processes for TDP, as defined by Shehabuddeen et al.
(2000), this particular model describes a system, as defined by Kerr et al. (2006); Shehabuddeen
et al. (2000). It was proposed by Ajamian and Koen (2002), extending the TRAC model by
Eldred and Mcgrath (1997) to manage technology development, with a long term view towards
business strategy.
The purpose of the TechSG system is to bring both scientific and business rigour into
the technology discovery process, and it consists of six interlinked elements, which work
towards a common technological discovery goal. These elements consist of project charter,
technology stage gate, technology development team, technology process owner, technology
review committee, and technology structured planning (Fig.10).
Eldred and Mcgrath (1997) argue that the technology development process of a company
should implement a company’s product strategy and transfer technology to the NPD process.
Through this structured review process, the decision-making process should be improved;
however, they note that too much structure in the process might hinder the idea generation
process. Also, they warn that there are high risks and uncertainty involved with technology
projects and there is no guarantee that a project will be successful.

Fig. 10 Technology stage gate (TechSG), source: Ajamian and Koen (2002)
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Global Enterprise Technology System (GETS) model
The Global Enterprise Technology System (GETS) provides a strategically-driven and systemsengineering approach to manage innovation (Fig.11a), and in specific technology projects
(Lind, 2006). Lind (2006) describes the process implemented in Boeing, closely linked to
the systems engineering V-model of ? (Fig.11b). The model consists of four main stages;
the discover stage consists of all the things to explore and understand a technological opportunity; the decide stage screens the ideas to pursue; the develop stage executes the projects;
and the deploy stage ensures the effective application and value realization from the innovations.

(a) GETS Approach

(b) GETS portrayal as V model)

Fig. 11 Global enterprise technology system, source: Lind (2006)
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Technology Stage Gate (TSG) model
The process for managing technology development, and a structured review procedure in the
form of a technology stage gate, is further supported by the propositions of Cooper (2006b).
Cooper (2006b) argues that technology development projects are the foundation platforms for
new opportunities and require a separate process to be managed, which he defines as the TDP
(Fig.12a). He points that these particular projects, are rare, fragile and unique, identifying the
problem that these knowledge-build projects are mismanaged, and proposes the technology
stage gate model to manage them (Cooper, 2006b, 2007). He positions this process within the
innovation funnel as shown in Fig. 1, similar to the arguments by Ajamian and Koen (2002);
Koen et al. (2002).
The TSG model consists of three stages and four gates, and fuels the front end of the NPD
process (Cooper, 2013, 2014, 2016; Cooper and Edgett, 2014a,b; Cooper and Sommer, 2016).
The three stages consist of project scoping, technical assessment and detailed investigation. The
four decision gates have different characteristics and consist of initial screening, go to technical
assessment, go to detailed investigation, and the applications path (Fig.12). At gate 1, the
organization’s top leaders verify whether a given idea merits development effort and investment
followed by formulation of project and scope. At gate 2, they determine qualitatively the
limitations of the project scope, which will enable the technological evaluation. At gate 3,
the leadership team analyses the project viability using the information gathered, supporting
technological investigation. One of the most crucial gates, is gate 4, the application gate, where
the strategic leverage and viable commercialisation strategy of an application of the technology
project is identified. This gate integrates the TDP with the NDP process (Fig.12b)
This is similar to the idea proposed by Phaal et al. (2011, 2012) with the transition model
of industrial emergence (Fig. 2), that within the innovation funnel there are transitions from
discovery to science to technology to product development. In addition, Caetano et al. (2011)
propose a theoretical TDP model on similarities from the models described above, which
leverages internal competencies to make strategic decisions, based on market and technology
trends. From case studies, he identifies a number of open innovation related challenges that
firms need to adapt to in order to manage and adopt technology development processes.
Cooper (2007) also argues that tailored selection criteria should be used to rate and make
strategic decisions for these projects at the decision gates. These are guarded by gatekeepers,
who ensure the information is collected through a number of scoring qualitative techniques
(Cohen et al., 1998; Cooper, 2008a,b,c; Freeman et al., 2016; Mitchell et al., 2014; Mortara
et al., 2009a). At each stage, a number of information gathering activities takes place, followed
by an integrated analysis, which is used as input to the gate (Fig.12c).
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(a) Technology stage gate process, source: Cooper (2006b)

(b) Technology stage gate process feeding the NPD process, source: Cooper (2007)

(c) Technology stage gate procedure, source: Cooper (2008c)

Fig. 12 Technology stage gate model
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Technology Acquisition Stage Gate model
Technology acquisition is a three-phase process according to Cáñez et al. (2007). It includes
technology scanning (i.e. the identification of potential technologies), technology selection (i.e.
the assessment of those technologies based on a set of decision criteria), and technology assimilation (i.e. the capacity to acquire know-how). The technology acquisition stage gate model
is used for developing technology based solutions and has three distinct phases: fundamental
research, applied research and technology acquisition (Fig.13).
The process has two entry points. F is the entry point for ideas that aim to create "new-tothe-world products," and therefore need to go through a stage of fundamental research before
joining the development route. In the D route, one of the key stages is the scoping stage, which
refers to defining the technology solution to be developed. At this stage, the organisation looks
for an existing technology, and thus route A might be initiated to take into consideration a
technology acquisition (Cáñez et al., 2007).

Fig. 13 Technology acquisition model, source: Cáñez et al. (2007)
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Theoretical Technology Development Process model
Among other models, the theoretical TDP model is derived from the relevant literature, mainly
the TDP model by Cooper (2006b), and consists of stages, which have been grouped together by
similarity from the propositions of authors (Caetano et al., 2011). It consists of 5 different stages,
which start from an idea and finish at the technology developed and ready to be integrated
in a product, service or process development process. These stages can be oriented from the
market and technology trends based on internal competencies at the organisation, and are the
following: invention, project scope, technology concept development, technology development,
technology optimisation, and technology transfer (Fig.14).
This very similar to the TDP model by Cooper (2006b), but including the business integration level from Schulz et al. (2000), and integrating the R& D resources and risks part from
Eldred and Mcgrath (1997). Caetano et al. (2011) argues that the development of technology
starts from the strategic planning of the organization, along with defining the technology strategies. Idea generation makes the initial invention in the TDP, and in sequence, are conducted the
stages of project scope, technology concept development, development and optimization of
technology and, finally, the stage of technology transfer.

Fig. 14 Theoretical model of technology development process, source: Caetano et al. (2011)
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BIG Picture model
The BIG Picture Model (Fig.15 is a holistic integrated cyclic approach for development projects
Lercher (2016a). In this model, there are six main paths (Lercher, 2017), with the most relevant
to technology high uncertainty and high risk projects being the black, red and blue path (Lercher,
2016b). The black path is information gathering, ideation and initial evaluation, the red path is
the radical innovation, and the blue path is the disruptive innovation (Lercher, 2016a).
In contrast to Cooper’s model (Fig.12b), BIG Picture does without the fixed sequence of
five stages and five gates, and instead uses sequences of work steps and decision steps designed
to suit each innovation category. The three typical paths which the innovating company may
choose (apart from disruptive innovations), follow Cooper’s revised versions of the model
(Cooper and Edgett, 2014a).

Fig. 15 BIG picture model, source: Lercher (2016a)
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Conclusion
While the FEI (Table 1) and NPD processes (Cooper and Kleinschmidt, 1986) have received
substantial attention in the literature (Koen et al., 2014b) and their contribution to strategic opportunities, the TDP have lacked behind on their distinction from traditional product
development processes and the models and means to support them (Cooper, 2006b).
In this paper, we contribute to the literature on TDP models with a review on the models
available in literature (Table 3). All these models share the same purpose of managing the TDP
and facilitating rational decision making in evaluating technology projects. However, the true
benefit, appropriate design,and the underlying decision support mechanisms of such structured
technology development processes is still largely unexploited.
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