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ABSTRACT

Today’s world is characterized by a continuous evolution in the demand and supply of new
technology solutions, challenging the way companies pursue and manage technology
development. Indeed, companies can no longer take decades to develop new technologies, but
are compelled to deliver technologies in a short space of time. Despite the ample literature on
the different technology development processes, the main factors influencing the creation of
technological solutions remain unclear. The problem is no longer identifying a new process for
developing a technology, but understanding which elements can guide the selection of the best
approach for the situation faced. The aim of this study is therefore to provide a systematic
literature review of technology development studies to contribute to shed lights on how
companies can develop technology to foster innovations in a society that is continuously
evolving its technological needs. The analysis of 187 articles highlights that process,
organization, and knowledge are the three key dimensions that influence every technology
development process. Thus, two main dichotomies emerge (i) linear vs iterative on the process
level, (ii) designing vs finding on the knowledge level. Accordingly, we propose a research
agenda based on a framework mapping the four resulting approaches.

Keywords: Technology Development; Technology Management; Technological Innovation;
Open Innovation; Systematic Review;

1. Introduction
Today’s world is characterized by a continuous evolution in the demand and supply of
new technological solutions (Boon et al., 2008). People and companies are surrounded and

immersed in a multiplicity of technologies (Parasuraman, 2000), and the efficient and effective
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development of such technologies is vital for newcomers. This abundance of technological
options challenges the way companies have traditionally pursued their development processes
(Cooper and Sommer, 2016). High market demand for new technologies and a more fluid and
dynamic environment have led to a misalignment between traditional and new technology
development perspectives. Indeed, the literature shows that companies pursue technology
development using mainly two approaches: normative and exploratory (Kahn, 1992).
Normative development occurs after selection and begins from the future by tracing back the
steps needed to reach the endpoint (Dreborg, 1996). Conversely, exploratory development
begins from the present to explore the future, constructing the development path from the
current to the prospective (Kahn, 2002). As is evident, both approaches assume that the
development process is linear and sequential, and inherent in approaches such as stage-gate
(Cooper and Kleinschmidt, 1986) or technology integration (lansiti, 1995), formerly
considered the best way to develop new technological solutions.

The advent of new digital technologies that allow companies to experiment with radical
and incremental technologies more expeditiously has challenged this linear perspective and
also led to the emergence of different methodologies (Arbesman, 2016). As Nambisan et al.
(2017) report, the rapid and pervasive digitization process requires new innovation
methodologies for technology development. In particular, researchers have attempted to define
the business impact of digital technologies as an enabler of more fluid and less bounded
entrepreneurial processes and outcomes that allow a continuous evolution of the scope,
features, and value of the offering (Nambisan, 2017). Thus, digital technologies are recognized
by researchers in the field as the practices, processes, and principles that underlie the effective
orchestration of digital innovation (Nambisan et al., 2017). Digital technologies also influence
the organizational role of technology research and development (R&D) teams (Sakkab, 2002)

in relation to the internal and external development of technology solutions (Denicolai et al.,



2016), and knowledge creation and management. In addition to the process and organization
dimensions, other studies analyze the timing of the introduction of new technology solutions
as a key driver of technology development (Markman et al., 2005). Indeed, numerous
researchers reveal that good timing in technology development can help generate competitive
advantage (Schilling, 2002). However, this no longer guarantees that customers will perceive
the company as innovative (Barczak et al., 2009), as people seek not just mere innovations but
meaningful ones (Dahlin and Behrens, 2005; Verganti, 2009, 2017).

Despite these contributions, no helpful and inspiring insights are currently available to
researchers and managers on how to move from finding new applications for a technology to
searching for the right application of technologies; in other words, how to foster technology
development to enhance the discovery of opportunities hidden within the technologies
(Dell’Era et al., 2017). This implies that deeper knowledge is required to manage technology
development on the three aforementioned dimensions: (i) process, (ii) organization, (iii)
knowledge. Indeed, companies can no longer take years or even decades to develop new
technologies just to improve functional performance but are compelled to deliver technological
innovations in a short space of time. This is due to the challenge the digital world imposes on
the technology development process, which is no longer linear, and the continuous market
requests.

The relevance of these issues is further emphasized when considering that in the last few
years, researchers and practitioners have recognized that technologies frequently offer greater
opportunities than mere substitution (Chesbrough, 2003; Proni and Carimati, 2007; Danneels,
2007; Verganti, 2011; Buganza et al., 2015; Dell’Era et al., 2017). These reasons are why
researchers, organizations, and scholars in the innovation and technology management field

seek an interpretative framework that enables effectively mastering technology development.



Thus, the objective of this study is to review the extant literature on technology
development, focusing mainly on the process and organization dimensions. In terms of
academic relevance, this study aims to explore and enrich current knowledge on technology
development by proposing an interpretative framework and the state-of-the-art of this broad
literature stream. In terms of practical relevance, the expected outcome is a framework that can

support companies in accelerating the process of understanding and exploiting technologies.

2. Theoretical Background

The body of literature on technology management is vast (Leonardi, 2008). Given our
objectives, we consider the most relevant streams of the overarching technology management
literature. In more detail, considering the aim of proposing an interpretative framework for
practitioners and academics, we refer in this section mainly to seminal papers in the innovation
and technology management research field.

Although several scholars have studied the technology management literature, the
heterogeneous classifications point to the importance of a new perspective that is more in line
with emergent market needs.

One of the most interesting perspectives is that which categorizes technology management
into two main streams: technology selection (Armstrong, 2001; Cuhls, 2003; Scapolo and
Porter, 2008) and technology development (Inasiti, 2000; Klein, and Kleinman, 2002; Thomke,
2003; Govindarajan and Kopalle, 2006; Van de Vrande et al., 2011; Soukhoroukova et al.,
2012), aimed at enriching the knowledge of researchers on the aforementioned process
dimension. Indeed, selection and development are two well-defined and sequential technology
management moments. Specifically, the first relates to foreseeing a potential in the technology,
the second relates to exploring the technology to understand how it can be exploited and

integrated (Danneels and Frattini, 2018).



The review of the seminal papers highlights the considerable attention of scholars on the
process dimension of technology development, identifying selection as the first step in the
technology management process (Adner and Levinthal, 2001); in other words, the technology
chosen from among all those available in an uncertain environment (Fleming, 2001; Krishnan
and Bhattacharya, 2002). Relatedly, several studies attempt to understand the impact of a
known technology in the future, i.e., technology forecasting (Cuhls, 2003; Eto, 2003), or which
technologies companies should invest in to ensure they can introduce a new product in the
future that leverages the technology, i.e., technology foresight (Reger, 2001; Calof and Smith,
2010; Linstone, 2011). An extensive study in this direction is that of the Technology Futures
Analysis Methods Working Group (2004) proposing an extensive review of the forecasting
methodologies and tools to understand the potential value of technologies in the selection

phase.

2.1. Technology Development: Process, Organization, and Knowledge

Moving forward in the technology management process, technology development is the
second step in this sequential process. Thus, according to the new product development
approach (Barnett and Clark, 1998; Cooper, 1994, 2006; Griffin 1997; Barczak et al., 2009),
defined as a stage-gate methodology to develop new solutions, this moment comes after the
selection and before the launch into the market. While this common approach would seem to
suggest a linear and sequential technology development process, researchers and practitioners
today agree that this is no longer the case (Schmoch, 2007; Ries, 2011; Knaap et al., 2016).
According to Grodal et al. (2015), the technology development process is the combination of
a divergent and convergent phase, and not only funneling (Twiss, 1992). Moreover, recent
studies shed light on the different process dynamics that connotes the way the process is put in
place (Douthwaite et al., 2001; Schmoch, 2007), greatly leveraging exploration and

experimentation (Fleming, 2001; Thomke, 2003; Weng et al., 2014; Knapp et al., 2016).



The way the development is performed in terms of dynamics has a significant impact on
the organizational domains. Indeed, combining different practices is crucial to increase the
effectiveness of iteration (Savino et al., 2017). Moreover, the growing debate around open
innovation has highlighted the fact that in new technology development, organizations can no
longer act at the individual level (Chesbrough, 2006), but need to consider the interaction of
different stakeholders at different stages (Ardito et al., 2015). Moreover, when the focus moves
from stage-gate (Cooper, 2006) to hybrid approaches (Cooper and Sommer, 2016; Magistretti
et al., 2019), researchers note the impact not only on the sequence of phases but also on the
organizational level. Indeed, the more hybrid approach suggests a different structure of the
organization with dedicated roles, such as facilitators (Knapp et al., 2016), or new roles, such
as scrum masters.

Furthermore, scholars highlight the knowledge dimension of the technological orientation
toward the development of an organization (Gambardella and McGahan, 2010; Petruzzelli,
2011; Adner and Kapoor, 2016; Wang and Seidle, 2017). Indeed, companies focused more on
the different elements of development, such as the inner features of technologies or network of
knowledge sharing, to understand the impact of a distributed network of players on technology
development (Chesbrough, 2006; Vanhaverbeke et al., 2014). In this direction clearly emerges
the role of knowledge as a driver of success for the technology development. Indeed, this
dimension is still evolving in the technology development arena, and further investigations are
needed to shed light on the impact of new processes and organization, on the knowledge

sources either in the creation and in the exploitation.

2.2. Gaps in the Technology Development Literature
While the different studies on the technology development are fundamental to understand

the essence of technology management, to our knowledge, no systematic review clarifies or



explores the underpinning characteristics of the differences between process, organization and
knowledge in the development.

In particular, in the process dimension, the different dynamics underpinning the sequence
of the process have been explored in the new product development but still not in pure
technology development. Also, different approaches to experimentation in R&D departments
and companies have been studied by researchers (Kaplan, 1999; Thomke, 2001; Hegger et al.,
2007; Akgiin et al., 2007), but now a clear understanding of the relevant domains needed to
support the development have been highlighted. Another inspiring element in this broad
research stream is the source of knowledge that technology development leverages. In
particular, some studies focus more on problem-solving as a way of designing a new
application for technologies that are under development (Costantini et al., 2015). Others focus
on problem framing by finding new applications by leveraging the knowledge in a new way to
support the identification of new opportunities (Grodal et al., 2015; Dell’Era et al., 2017).
Notwithstanding, this the relation between these two perspectives is still unclear.

This brief overview of the technology management literature illustrates the multifaceted
contributions of researchers in the last decades to this relevant research field, justifying a
systematic literature review to offer a clear interpretative framework to strengthen the usability
of the different processes and methodologies. Adopting a systematic perspective, this review
considers the different approaches proposed by analyzing (independently of the industry or the
research methodology adopted) the technology development orientation and the different
characteristics. Specifically, our objective is to map the state-of-the-art of the processes and
methodologies in the literature to effectively and efficiently manage technology development

in a continuously changing ecosystem.

3. Methodology



This section discusses the methodology adopted. In particular, in this review, we followed
the guidelines of Tranfield et al. (2003) and adopted a systematic approach to identify the
seminal contributions in the field using a sequential process to screen and select the relevant
articles.

First, we identified a set of ten relevant keywords. Second, we asked experts in the field
to validate the list and suggest any potential additions. This phase led to revising the initial set
of keywords. Out of the initial ten, four were deemed non-relevant, and three to four new and
overlapping keywords were suggested, leading to a final list of seven: technology development,
technology integration, technology exploration, technology experimentation, technology
implementation, technology introduction, and technology evolution.

We then used these keywords to search the Scopus database and systematically review the
existing literature in the technology management field, and especially the technology
development research stream. The Scopus database, used in several prior studies, is considered
one of the most relevant and diffused databases for academic articles. We screened the articles
by relevance using the Impact Factor (IF) of the journals as a proxy, and included only the
relevant journals in our search. To set the threshold, we considered both the 2016 and the 5-
year IF; specifically, journals with 2016 IF higher than 2 and with a 5-year IF higher than 2.5.
This reduced the list of journals to 59 including top journals with very high IF, such as MIS
Quarterly and Academy of Management Review, and others, such as R&D Management
Journal and Journal of Engineering and Technology Management, not comparable in terms of
IF but very relevant and focused on the technology management topic. Moreover, the Scopus
search was limited to academic articles in the business, management, and accounting fields
(Keupp et al., 2012), deemed the repository of real knowledge (Ordanini et al., 2008; Podsakoff

et al., 2005). Thus, the total number was reduced from 1417 to 483 highly relevant articles.



We proceeded to read the 483 articles collected to understand whether they should be
considered in the study. Interestingly, these articles range over the period 1980-2018 as a
natural outcome of the exclusion process due to unsatisfactory IF.

The inclusion and exclusion criteria were reviewed and selected with the same panel of
experts in the field. The first exclusion criterion evaluated the relevance of the articles for the
development phase. Hence, all articles related to the selection phase or other undefined phases
of technology management were excluded, which resulted in eliminating 100 articles. The
second criterion excluded articles that did not rely on real cases but on simulations since the
review also intends to address practitioner needs. Finally, the third exclusion criterion concerns
the unit of analysis, whereby all articles that only marginally centered on technology

development were excluded.

Table 1. Inclusion criteria

No. Criteria Reason for inclusion

1 Empirical Study Given the focus on processes, organization, and knowledge, the
empirical evidence is of particular interest for this review

2 Research Focus The set of keywords previously reported stress the centrality of
the technological focus of the articles that are of interest for the
review

Table 2. Exclusion criteria

No. Criteria Reason for exclusion

1 Publication Type Excluding books, book chapters, conference proceedings, and
dissertations

2 Perspective Study Excluding articles with simulations and perspective studies that
do not deal with real cases

3 Unit of analysis The research question is focused on technology development,

and we thus excluded all articles that are not fully centered on,
or only marginally address, this topic

Adopting these inclusion and exclusion criteria further reduced the number of relevant
articles to 187 (Meier, 2011; Pittaway et al., 2004; Rashman et al., 2009; Wang and Chugh,
2014; Savino et al., 2017), considering the focus of the title and the abstract. In particular, all

articles related to processes, organization of the network, and knowledge creation and sharing



on the topic of technology development were included in the analysis. The Appendix provides
a snapshot of the 187 articles included in the review on the process, organization, and
knowledge dimensions.

Fig. 1 shows the increase in publications from 1980 to 2018. This trend is in line with the
increasing interest of scholars and practitioners in the topic given the demand for faster ways
to develop and experiment with technology, as well as the growth in both digital technologies
and user demand. This creates considerable tensions for scholars to create new knowledge on

how to efficiently and effectively manage technology development.
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Fig.1. Relevant articles published over the period 1980-2018 in highly relevant journals.
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Another important aspect of the dataset is the distribution of articles in different journals.
Of note is that the majority of articles are published in journals that do not focus on academic
reviews but are more oriented towards disseminating scholarly and practitioner knowledge.
Second, almost 50% of the relevant articles are published in top journals in the field of
innovation, and especially those more focused on technological innovation, such as
Technological Forecasting and Social Change, Technovation, Research Policy, and Journal of

Product Innovation Management. In fact, 35 of the articles are published in Technological
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Forecasting and Social Change, an academic journal whose main objective is publishing
articles closely related to technological forecasting, methodologies, and practices to foster

these aspects of innovation.
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Journal of International Management
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Fig. 2. Number of articles published in highly relevant journals.

4. Findings emerging from the systematic literature review
This section is dedicated to reviewing the 187 articles identified. In particular, we report
the existing contributions on technology development (Inasiti, 2000; Klein and Kleinman

2002; Thomke, 2003; Govindarajan and Kopalle, 2006; Soukhoroukova et al., 2012) with the
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main aim of proposing an overview of the field focusing on the three main dimensions
previously mentioned as relevant in this field: process, organization, and knowledge. In line
with the seminal papers reported in the theoretical background, the 187 papers also show that
these three dimensions are the most studied and highlighted categories in the investigated

database. Thus, the findings that follow are organized per these three main dimensions.

4.1. Process

Scholars studying technologies and especially technology development have always
focused on the crucial role of the different processes in fostering its advancement. Since Twiss
(1992), studies in this literature stream have analyzed the /inear sequence of phases guiding
technology development (Hogman and Johannesson, 2013). This linearity can reflect different
elements, such as economic performance (Caerteling et al., 2008). Companies are more willing
to invest in developing technologies that are more likely to have an impact on their future rather
than their short-term revenues (Schmoch, 2007), thus requiring a structured process. Another
crucial aspect that influences and triggers linear technology development is the set of
competences and skills of the development team (Ghazinoory et al., 2017). Researchers show
that multi-skilled and dynamic teams perform better at the fuzzy front end of technological
innovation, as they are better able to manage uncertainty (Iansiti, 1995; Kéhler and Som, 2014).
Moreover, a driver reported as influencing development is user need (Garrety et al., 2004).
Indeed, if development teams are able to identify a need to be fulfilled in the future life of
customers, then the objective is set, and the process is driven accordingly (Jacobs et al., 2013).
The academic papers also report processes that are not linear but iterative in view of several
different factors. First, continuous customer involvement can cause strong iteration in the
technology development process (Thomke, 2003). This is recognized as central in existing
studies due to the fact that co-development with future customers can increase the probability

of the success of a technology that is new and embodied in a product for the first time (Jha et
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al., 2017). This, of course, causes considerable iteration and non-linearity in the technology
development process as a result of continuous changes in requirements and in customer needs.
Similarly, scholars stress that iterations can increase the appropriability of technology from
other players in the ecosystem (Leonardi et al., 2016). As a consequence of involving them in
the process, communication, as well as management of the process, becomes more
complicated, but different stakeholders can start gaining knowledge on the technology under
development and can better appropriate and integrate it. Moreover, technology development
can be influenced by the context in which the process takes place. The surrounding
environment and the industry landscape can modify the linear process of initiation,
internalization, and generation of new technology in a more iterative and recursive process
where interactions with different players in the field are more frequent (Lee et al., 2011; Chang,
2017).

Scholars identify another interesting and relevant element at the process level in
technology development, namely, the concept of alignment between functions and strategy
(Lee et al., 2011). A formalized technology development process can undoubtedly align the
entire organization in terms of the role of technology development for the future performance
of the organization.

To conclude, the analysis of the papers in the process dimensions show a substantial
difference in the process dynamics that can be framed in the gap between linear (Barnett and
Clark, 1998) and iterative processes (Douthwaite et al., 2001; Schmoch, 2007). Indeed, extant
researches emphasize the way the processes are managed and the order of the phases and

actions taken to advance the development of technology.

4.2. Organization
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The second area covered by the articles included in the study relates to the organization
dimension. Differently from the process area focusing on the 4ow, this focuses on the who. In
this broad area, numerous investigations attempt to understand the involvement of different
entities in technology development that can impact its advancement (Bogers et al., 2017).

Scholars highlight that acquisition from outside the company’s boundaries can have
negative effects on the differentiation aspects, but positive effects on the dynamic capabilities
of employees (Swan and Allred, 2003). This view is in contrast with the open innovation
paradigm (Chesbrough, 2006) and other investigations in the field stressing that looking
outside the company and opening the process to external partners can secure long-term
competitiveness (Chesbrough and Crowther, 2006; Skold and Karlsson, 2012). Similarly,
studies show that the number of interactions of the focal firm that develops a new technology
with external players increases the likelihood of integrating and advancing the technology
(Baughn and Osborne, 1989; Stock and Tatikonda, 2008). Conversely, other researchers show
that the willingness to control the process and manage a pool of partners can justify higher
investments and managing the process internally (Gama et al., 2017).

Moreover, at the network level, several researchers point out that the presence of different
stakeholders involved in the process can have different effects on technology development. For
example, governmental institutions, if involved in the process of crafting new technologies,
can have a significant influence on the process itself (Caerteling et al., 2008). Furthermore, the
policy aspects of technology development can influence both technology push and demand pull
due to the fact that companies adapt their development to existing or future regulations
(Costantini et al., 2015). On the contrary, other scholars report that universities do not influence
and limit development, but their presence is often an enabling factor of developing more radical

technological innovations (Verbeek et al., 2002; Hsu, 2005; Hayter, 2011).
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Moving on to the organization level, the team that develops the technology is deemed
essential. For the technology to flourish during development, all those involved must
understand the features developed, otherwise hampering the process (Garrety et al., 2004).
Taylor (2010) proposes the opposite view, highlighting that team competition can positively
affect the integration and development of the technology, as competition can unlock creativity
and foster more radical innovations (Knaap et al., 2016). In addition, more efficient technology
development requires multidisciplinary resources (Su and Moaniba, 2017), leveraging different
capabilities to effectively transfer the technology into new products (lansiti, 2000). As a
consequence, technology development must not be considered as pertaining to only the R&D
department, since the more people are involved, the higher the probability of developing
relevant technologies (Popp, 2017).

Although the different studies mentioned above in the organization dimension of
technology development, from the in-depth analysis of the articles, seem emerging a common
domain in the investigation on the organization dimension, the so-called multidisciplinarity.
Indeed, even though the focus is the firm or the team involved in the technology development
seems that the constant element is the fact that multidisciplinary skills at both the firm (Skold
and Karlsson, 2012) and at the individual level (Su and Moaniba, 2017) are required to perform

this technological innovation.

4.3. Knowledge

The third dimension relevant to the technology development research field emerging from
the review of the 187 papers is the knowledge. This dimension concerns the why question,
completing the sow and who of the two previous dimensions. Indeed, several scholars consider
its role crucial in the process of managing the creation of new technology.

The first and most intuitive aspect relates to the risk of spillover. When companies are

involved in a network of other players, they must learn how to absorb the technology and
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knowledge created, otherwise lowering and jeopardizing the value of being part of a network
(Vanhaverbeke et al., 2015; Choi, 2017). Doing so requires having the technological
knowledge to refer to, otherwise making it difficult to recognize the value and absorb the
knowledge generated (Bidault and Fischer, 1994). This capability must evolve from acquiring
knowledge to converting knowledge into actionable technology development management
depending on the contextual variables that impact the company’s ecosystem (Iansiti, 1995). In
addition, companies must refresh their pool of knowledge, otherwise they will continuously
focus on the same elements, thus reducing the probability of developing highly relevant new
technologies (Johnson, 2011).

These findings show that the articles considered look quite intensively at different sources
of knowledge within firms, but also from the outside perspective. Indeed, customers cannot
fully accept new technologies if they do not have knowledge of their potential use (Rivard and
Lapointe, 2012). Moreover, customer knowledge has been studied for the co-development of
technologies. Scholars stress that technology users are untapped sources of knowledge creation
(Nambisan et al., 1999), and their fresh minds and external perspectives can foster different
knowledge in the technology development process.

The review of the articles in the knowledge area shows how the sources of knowledge can
differ, considering the reason why they are involved in technology development. Thus, an
interesting difference emerged between the designing perspective (Costantini et al., 2015) and
the finding perspective (Technology Futures Analysis Methods Working Group, 2004;
Dell’Era et al., 2017). The designing perspective is linked to the idea of embedding the
technology developed in a new product to solve a problem by leveraging the knowledge that
is already in the market. Differently, the finding perspective is related to the concept of

exploring the opportunities of the technology and steering its development independently of
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the product. The latter perspective can only be achieved by recombining (Savino et al., 2017)

or creating new knowledge at the technological level.

5. Discussion and future directions
This paper contributes to the technology management literature and especially the technology
development stream by identifying four main approaches that are relevant to practitioners and
scholars, enabling a better understanding of the field. By deeply analyzing the three dimensions
of technology development previously reported in the results section (i.e., process,
organization, and knowledge), the article shows how they can suggest different approaches to
technology development. More specifically both the process and the knowledge dimensions
highlight intriguing dichotomies that inspire alternative interpretation of the technology
development; finally, the analysis of the organizational dimension shows as the technology
development intensively leverages on multidisciplinary organizations. As a consequence, the
framework proposed in the following paragraph relies on the dichotomies embedded in the
process and knowledge dimensions.
5.1. Technology Development: an emerging Framework

Figure 3 illustrates four alternative approaches can be adopted in technology development
in order to search for the right application. More precisely, we derive the four approaches from
the dichotomies about the process and knowledge dimensions. Specifically, each quadrant
provides a simple visualization of the four approaches to technology development. Emerging
from the literature is that designing the right application usually prompts developers to direct
their energy towards embedding the technology in a product in a /inear or iterative approach,
while finding the right application is usually driven by steering technology development itself.
Considering this evidence and the fact that these two dimensions give rise to four intersections,

we use this framework to develop the discussion and propose future research avenues.
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Fig. 3. Framework reporting the two dimensions in the technology development literature.

5.2. Designing the right application in a linear approach

The first approach is ‘designing the right application’ that embeds a new technology in a
product using a linear development approach (Cooper, 1990; Phaal et al., 2004; Tomas Gomez-
Arias and Montermoso, 2007; Karlsson et al., 2010). The approaches schematizing and
defining a sequence of stages and gates to develop better a technology to be integrated into a
product contribute to this research stream (Cooper, 1990; Stolwijk et al., 2013). Studies in this
vein point out that technology should be considered more as an enabler than a driver of the new
product development process (Caerteling et al., 2008; Taylor, 2010). In line with this
consideration, numerous studies focus on the role of customers and users in influencing the
development path (Christensen and Rosenbloom, 1995; Tomas Gomez-Arias and Montermoso,
2007; Banerjee and Sharma, 2015).

The willingness to define a process with sequential phases is driven by the significant
uncertainty that the development process entails (Karlsson et al., 2010). In addition, the
contextual elements also play an important role in defining and influencing new product

development based on new technology (Stock and Tatikonda, 2008). Researchers highlight the
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impact that society and politics can have on the sequential process oriented towards designing
the right application for a technology (Suarez and Lanzolla, 2007; Costantini et al., 2015). As
it is difficult to anticipate the potential impact of an emerging technology on business
performance (Phaal et al., 2004), adopting a linear process that defines the phases of the
activities to be performed in a product orientation facilitates the reduction of such uncertainty
(Pillai et al., 2002; Gladysz and Kluczek, 2017). Finally, the findings show scarce attention to
team composition for the efficient management of the process. Taylor (2010) emphasizes that
competition can foster more radical new product development when technology is under

development.

5.2.1 The gaps and future research avenues

The above cluster of studies describes the state-of-the-art of the theoretical discussion on
the ‘finding the right application’ perspective and the linear approach. However, no insights
are provided on how competition should be managed and how different business units should
interact in the linear process. Similarly, another gap in the literature concerns the level of
maturity of customers involved in the process. Scholars limit their contributions to the
relevance of customer involvement and the benefit of co-development, without providing
further explanations on the degree of expertise these end-users should have to foster

technological development.

5.3. Designing the right application in an iterative approach

The linear approach is still valuable and recognized by scholars, even if attention is
increasingly moving to the role of continuous iteration (Ries, 2011; Knaap et al., 2016).
Emerging from reviewing the articles that adopt a ‘designing the right application’ perspective
to technological development in an iterative approach is that traditional stage-gate is no longer

the only option to manage this complex process (Cooper and Sommer, 2016), and that
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technology should be considered an enabler of new product development (Drejer and Riis,
1999; Xu et al., 2012). Indeed, the process is more iterative when technology is considered an
enabler, as it is co-developed with the product, and thus characterized by several feedback
loops (Jacobs et al., 2013). In this iterative process, scholars highlight that networks are not
only a relevant and crucial aspect, but the roles of the different stakeholders in the network are
also fundamental (Kirchberger and Pohl, 2016). Indeed, the organization that acts as a
technology developer in the network should be multidisciplinary and structured in a different
way to the firm that acquires the technology (Mohan and Rao, 2005), which is strongly linked
to knowledge absorption (Grodal et al., 2015). Knowledge management in the iterative process
is even more relevant when customers are involved in the process, and their selection is
fundamental to guarantee the success of the new product developed (Tomas Gomez-Arias and

Montermoso, 2007; Popp, 2017).

5.3.1. The gaps and future research avenues

Given the shift in focus from linear to iterative, the first relevant direction to explore is
enriching the evidence that stresses the empirical value of the iterative approach by linking it
to tangible improvements in performance. However, the impact of an iterative approach on the
financial and economic aspects of designing a technological application is understudied in the
current literature. In addition, there is a lack of knowledge on the optimal composition of
organizations to foster better product innovation driven by high tech development. Finally,
scholars should focus on customer involvement, which is empirically shown to be relevant in

the knowledge absorption process, yet no statistical evidence is offered.

5.4. Finding the right application in a linear approach
Emerging from this review is that the linear approach is also studied when the focus is on

finding the right application for a technology under development (Griffith, 1999; Hall et al.,
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2014; Suzuki, 2015); in other words, when the knowledge created is absorbed by the firm that
then searches the knowledge for the right applications (Magistretti et al., 2019).

When the orientation shifts from designing products to finding technology, the focus of
the articles also shifts from the output of the development, such as a product, to its input, the
embryonic technology (Song et al., 2014). Thus, if in the previous stream technology
development is considered an enabler, in this stream, it is considered more a constraint due to
the fact that it is the start of the project (Leten et al., 2016). As such, scholars mainly focus on
the learning aspects of linear technology development (Kim, 1998; Ghazinoory et al., 2017).

Considering the knowledge dimension, firms must be organized to acquire knowledge and
learn during the process, otherwise technology development may be hindered by a variety of
factors (Su and Moaniba, 2017). This of course has a significant impact on the structure of the
organization, which must adapt to facilitate communication around the new technology under
development (Lee et al., 2011) this of course is facilitated by a multidisciplinary perspective.
Moreover, to facilitate this process, scholars stress the importance of all those involved in the
process of understanding the technology (Garrety et al., 2004). This aspect is even more
relevant when the boundaries of the firm are expanded and the development of the technology
follows a sequence of phases performed and influenced by others entities (Vanhaverbeke et al.,
2015).

Scholars report that the process is more sequential and linear when an external network of
firms is involved, since the inclusion of different entities favors the process due to a larger
exploitable pool of knowledge (Stock and Tatikonda, 2008; Planko et al., 2016). In addition,
these different sources usually know how to generate new knowledge. Such involvement has
long been studied, and researchers highlight the role of networks of alliances on technology

development. Specifically, working in networks increases the probability of learning from
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peers and better exploiting the knowledge generated (Baughn and Osborne, 1989; Nambisan

et al., 1999).

5.4.1. The gaps and future research avenues

From the existing research on finding the right application in a linear approach, several
gaps for future studies emerge. First, there is a lack of knowledge on the best time to involve
external networks when the focus is on unveiling new breakthrough technologies. A further
gap in the literature is on the role that end users can actually play in technology development
when the focus is on adopting a linear process. Finally, more evidence on the benefits of
adopting a linear approach when technological development uncertainty is high could make

this literature even more relevant for suppliers of advanced technologies.

5.5. Finding the right application in an iterative approach

The last quadrant of Fig. 3 results from combining the iterative approach to process
management and finding the right technological application in relation to the knowledge
dimensions.

In a world where the issue is no longer having ideas but unveiling the opportunities offered
by technologies (Chesbrough, 2003; Verganti, 2011; Dell’Era et al., 2017), a more crafted
process that adequately supports technology development is fundamental. In this vein, scholars
in the last decades have focused on better integration of the stage-gate approach with a more
iterative approach to facilitate the transfer and integration of technology (Linton and Walsh,
2008). Undoubtedly, more flexible processes enabling better integration amongst the parties
would reduce uncertainty, as people can adapt their process more rapidly in reaction to the
changing and evolving context (Adler, 1988; Hogman and Johannesson, 2013; Magistretti and

Dell’Era, 2019). Uncertainty can also be reduced by focusing on different adoption scenarios
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for the technology. This would increase the opportunities considered and the probability of
obtaining a breakthrough technology (Skold and Karlsson, 2012).

The iterative aspect is stressed by the exploration and exploitation of complementarity
(Zhang et al., 2017). The iteration between exploration and exploitation is frequently
influenced by different success and performance factors that are important for technology
developers (Kim and Lee, 2003). Previous studies underline the positive impact in this iterative
process of identifying a technology champion, technology development experts and promoters
(Chaudhuri, 1986). These are crucial for the efficient management of iterative technology
development, as they are always part of the learning-by-doing process (Slaughter, 1993).

The previous sections reported the existing debate on the process and organization
dimensions, while in the remainder we will focus on the other relevant dimension: knowledge.

When iteration is put in place, knowledge generation can be particularly complex, and the
internal resources must therefore be well trained and skilled to continuously absorb the insights
generated (Bidault and Fischer, 1994). This is the reason that suggested researchers in pointing
out the key role that end users might have in this iterative development (Leonardi, 2012; Rivard

and Lapointe, 2012; Lehoux et al., 2014; Gama et al., 2017).

5.5.1. The gaps and future research avenues

The previously reported cluster of studies show the state-of-the-art of the literature on the
finding and iterative technology development approaches. In view of the complexity of
technology development, more investigations on how the iterative approach reduces the
uncertainty of outcomes would generate additional value for scholars and practitioners.
Moreover, further studies on when in the overall iterative process such as end user involvement
should take place, and how this interaction between companies and users should be managed,

would enrich knowledge in the field. Second, further insights on how to unveil quiescent
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meanings in technologies would foster the willingness to invest in R&D for high technology

companies.

5.6. Current and Future avenues of research in the Technology Development framework
The previous sections report the four main clusters emerging from the combination of the

process, and knowledge dimensions that led to the creation of the four quadrants discussed in

1. Baughn and Osborne, 1989 1 Chaudhuri, 1986
2. Kim, 1998 2. Adler, 1988
3. Griffith, 1999 3. Slaughter, 1993
. . 4. Nambisan et al., 1999 4. Adner, 2002
Finding the | 5. siock and Tatikonda, 2008 5. Kimand Lee, 2003
I'lght 6. Leeetal, 2011 6. Narula, 2004
A . 7. Songetal., 2014 7. Leonardi, 2013
Application | 8. suzuki, 2015 8. Skold and Karlsson, 2012
9. Letenetal., 2016 9. Lehouxetal, 2014
10. Ghazinoory et al., 2017 10. Zhangetal., 2017
KnOWIedge 1. Griffith, 1999 1. Robertson and Gatignon, 1998
2. Pillali et al., 2002 2. Drejer and Riis, 1999
3. Phaal, 2004 3. Mohan and Rao,2005
4. Tomas Gomez-Arias and Montermoso, 4. Chung and Wee, 2008
. . 2007 5. Xuetal, 2012
DeSIgnlng 5. Suarez and Lanzolla, 2007 6. Jacobs etal., 2013
: 6. Caerteling et al., 2008 7. Grodal et al., 2015
the rlght 7. Taylor, 2010 8. Kirchberger and Pohl, 2016
Application 8. Stolwijk etal., 2013 9. Knaap etal., 2016
9. Costantini et al., 2015 10. Popp, 2017
10. Gladysz and Kluczek, 2017
Linear Approach Iterative Approach
Process

terms of contributions and future research avenues. Fig. 4 provides a snapshot of the ten key
references identified as the most relevant in each cluster to understand the evolution of the

discussion in each of the four areas.

Fig. 4. Snapshot of the current theoretical debates in the technology development field

Fig. 5 summarizes the main gaps emerging from the review by positioning these in the
previously reported framework (Fig. 3). This is a crucial step in setting the agenda for future
studies as it both maps and interprets the current view on technology development, and helps
future scholars understand the relevant areas and dimensions to address. Particularly evident is
that the technology development field could be further investigated in relation to designing and
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finding the right application, as well as the linear and iterative approaches. This systematic
literature review therefore shows that scholars should focus on the process dimensions, as well
as on the knowledge dimension, to enhance the understanding of practitioners and academics
on the development processes. Moreover, a closer look could be given to the organizational
dimension to clarify better if the single perspective (i.e., multidisciplinary) detected in this
systematic review is valid in every context or not. Empirical studies can unveil hidden

dichotomies relevant inside the organizational dimension and helps in enlarging the perspective

by adding to the framework a tridimensional view.

When and how should external When and how should users be
partners or collaborators be involved in testing the technology
involved in the process? developed?
What is the role of the final How can an iterative approach
T customer in finding the right reduce uncertainty in finding the
Flndlng the application? right application for technologies?
rlght What are the pros and cons of How can companies unveil the
. . linearity in finding the right quiescent meaning in
Apphcatlon application? technologies?
Knowledge
How can companies manage team What are the positive impacts on
competition in the technology performance when the company
development processes? adopts an iterative approach?
How should different business How should the company be
Designing units interact in the linear organized to increase the
approach? probability of designing the right
the right What are the underpinning application for a technology?
. . characteristics of customers that How can digital technologies
Apphcatlon should be involved in the process? impact the design of new
applications?

Linear Approach

Iterative Approach

Process

Fig. 5. Summary of research gaps emerging from the literature review.

6. Conclusions

To conclude, this study contributes to the ongoing debate on technology development in
three main areas. First, it sheds light on the current evolution of research in the field of
technology development by identifying the three main dimensions investigated in the published
articles (process, organization, and knowledge), fundamental elements that scholars and

practitioners should consider when dealing with technology development. Indeed, there cannot
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be technology development without a process, without multidisciplinary within an
organization, or without managing different sources of knowledge. This is a first contribution
that can help the technology management field deal better with the complexity of creating
technological innovations. Second, the current review enriches knowledge in the field of
technology development by proposing that searching for the right application should be guided
by understanding the four approaches that companies and scholars adopt, and the ways in
which the right application of a technology can be searched. This aspect is certainly relevant
for practitioners looking at different approaches to efficiently and effectively manage
technology development projects. Third, questions remain and the twelve future research
avenues (Fig. 5) proposed, indicate that this field is still under development. The substantial
literature available on technology development is, of course, useful, but the world is evolving,

and so must the research.
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