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Introduction

Understanding the dynamics of technologies and the impacts of technological
developments on company functions over technology life-cycles can be beneficial for
company managers. Nevertheless, technologies are necessary, but not sufficient for
product success (Clark and Fujimoto, 1991). The product and service success is based on
the adequate integration of technology and markets (Betz, 2011; Wieland et al., 2016).
Rapid changes in technologies and the frequent new product introductions force
companies to consider different ways of remaining ahead of competition and to be
flexible (Bettis and Hitt, 1995). Even very large companies such as Nokia, Blackberry
and Kodak who once were extremely successful have failed due to making wrong choices
(Fenech and Tellis, 2016; Mui, 2012; Shih, 2016). Right actions at the relevant life-cycle
stages are necessary. Also, the dynamic transition of products through various technology
life-cycle stages and active management of products are important (Seifert et al., 2015;
Tolonen et al., 2015a, 2015b). Hence, different company functions will impact the
success of product development over technology life-cycles.
Product development sourcing in competitive situations across technology life-cycles
can be much more challenging than regular sourcing. Sourcing is too often seen as a
defensive operational measure with a scorekeeping orientation to reduce costs, improve
returns, and increase brand share, not ideal for informed product development sourcing
decisions (Barragan et al., 2003). Product development sourcing decisions have both
direct and indirect effects on the company, some of which are more complicated to
measure than others (Sundquist et al., 2016). Hence, it is in the interest of companies to
consider their competitive position adequately and act accordingly. Particularly, the role
of knowledge and capabilities is emphasised in product development sourcing
(Chesbrough et al., 2006). There are different studies on product development sourcing
strategies (Ahmed et al., 2014; Brunswicker and Vanhaverbeke, 2014; Eltantawy et al.,
2014). For example, Søndergaard and Ahmed-Kristensen (2015) point how sourcing
decisions with cost, knowledge and capability considerations are relevant, whereas
decision making is not always structured, and can be based more on priorities than
planning. However, the knowledge and technological capabilities have not been studied
in conjunction with product development sourcing strategies based on technology
maturity levels over technology life-cycles.
Technology life-cycles have been studied from different viewpoints with various
stages (e.g. Abernathy and Utterback, 1978; Achilladelis et al., 1990; Achilladelis, 1993;
Anderson and Tushman, 1990; Erickson et al., 1990; Ford and Ryan, 1981; Linden and
Fenn, 2003; Little, 1981; Moore, 2011; Rogers, 2010; Routley et al., 2013; Watts and
Porter, 1997). Nevertheless, for simplicity, we utilise the technology life-cycle model by
Khalil (2000) as the basis of investigating technology maturity levels due to the fact that
it contains the majority of phases also present in the other models. Previous literature has
not adequately discussed the product development characteristics in conjunction with
sourcing strategy factors along technology maturity levels over technology life-cycles.

Product development sourcing strategies can be divided into various groups (e.g.
Chiesa and Manzini, 1998; Kotabe and Helsen 1998; Kotabe, 1992), while in this study
we chose outsourcing, strategic alliances, and strategic acquisition based on the level of
company integration. Different strategy models define the driving factors for each
sourcing strategy (e.g. Chiesa and Manzini, 1998; Das and Teng, 2000; Jacobides and
Billinger, 2006; Madhok, 1997; Parkhe, 1993). Nevertheless, Kistruck et al. (2016)
suggest that it is not only the factors that influence sourcing decisions that are relevant,
but also the appropriateness and combination of certain factors. Hence, it may be
challenging to obtain a comprehensive understanding over sourcing strategies in different
stages of technology life-cycles. Hence, in order to improve the transparency of sourcing
strategies, they are investigated under three strategy models requirements in this study,
including: transaction cost theory (TCT), knowledge-based theory (KBT), and resourcebased theory (RBT).
In this study product development sourcing strategies are studies based on technology
maturity levels within a technology life-cycle. Product development specifications and
sourcing strategy factors are discussed along technology maturity levels over the
technology life-cycle. In order to find the drivers for selecting each suitable sourcing
strategy, three different models are used, namely: TCT, knowledge-based theory, and
resource-based theory. A frame is attempted to formulate for evaluating product
development sourcing strategies in different situations based on technology maturity
levels. The experiences and data of a well-known high-tech infrastructure producer are
utilised as the empirical basis of this study due to their experience in concurrently
working on three different technology generations and the company being one of the
leaders in their industry. Studying multiple technology generations within the same
company provides the opportunity to obtain more realistic insights on product
development sourcing in a market where the technologies are competing against each
other.
The research questions are formulated as follows:
RQ1

How can product development sourcing strategies are mapped over a
technology life-cycle?

RQ2

What are the main drivers for choosing product development sourcing
strategies based on technology maturity levels along technology life-cycles?
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Literature review

2.1 Technology life-cycle
Technology life-cycle is a pattern of different aspects of technologies over time (Albert et
al., 2015; Khalil, 2000). Many models have been created based on the technology lifecycle (TLC) definition (e.g. Abernathy and Utterback, 1978; Achilladelis et al., 1990;
Achilladelis, 1993; Anderson and Tushman, 1990; Erickson et al., 1990; Ford and Ryan,
1981; Khalil, 2000; Linden and Fenn, 2003; Little, 1981; Moore, 2011; Rogers, 2010;
Routley et al., 2013; Watts and Porter, 1997).
In this study, one of the most generic technology life-cycle models by Khalil (2000)
is used to map technological changes. The model was firstly built by Fisher and Pry
(1971) with the aim of technology forecasting. The TLC by Khalil (2000) illustrates

technology performance patterns with four phases: embryonic, growth, maturity, and
aging. Although Khalil’s model is one of the most utilised technology life-cycle models,
some criticism have been presented, for example lack of performance parameters to
represent economical and technical trend (e.g. Asthana, 1995; Ernst, 1997; Gao et al.,
2013; Lee and Nakicenovic, 1989; Murmann and Frenken, 2006). Therefore, besides
considering Khalil’s model as the foundation of this study, the pieces of literature on
other technology life-cycle models are appreciated.
In the embryonic phase, no defined technologies or products exist while product
development activities are mostly radical and less practical (Albert et al., 2015; Erickson
et al., 1990; Gao et al., 2013; Little, 1981). Time-to-market is very important (O’Reilly
and Tushman, 2013), as there are no defined technologies or products in the market,
process of standard establishment is in progress. Companies compete to have a bigger
share of standards in the market (Abernathy and Utterback, 1978). Additionally, there is
an enormous amount of uncertainty involved in the product development activities
(Amoroso et al., 2015).
With the first appearance of the new products or technologies in the market, the
technology enters the growth phase (Ford and Ryan, 1981; Gao et al., 2013; Moore,
2002). The technology concept is defined and technology applications are found in the
previous phase, while there are still lots of breakthrough innovations at this stage (Haupt
et al., 2007). Firstly, the new technology should be modified to be compatible with
current infrastructure in the market (Ford and Ryan, 1981), secondly more technology
applications should be found (Abernathy and Utterback, 1978). As the functionality and
performance of the product utilising the technology is not ideal, the competition is on
performance levels and functionality (Albert et al., 2015; Christensen et al., 2001). Timeto-market is still important (O’Reilly and Tushman, 2013).
In the middle of growth phase, due to high uncertainty (Park et al., 2015) and
expensive unreliable product technologies (Ford and Ryan, 1981), the technology might
experience the gap in the life-cycle, or as often referred to the chasm (Moore, 2002).
Market related factors such as the hesitation of pragmatist customers is typical at this
stage of growth. Therefore, the companies need to leverage performance (Abernathy and
Utterback, 1978) and reduce costs (Albert et al., 2015), besides marketing strategies such
as segmentation (Moore, 2002), to pass the chasm and return to the growth stage even as
a more powerful actor.
The maturity phase entails technology performance levels becoming more standard
and constant, while technology starts approaching its limitations and requires greater
efforts to achieve improvements (Albert et al., 2015; Christensen, 1992). As the
competitors remaining in the game at this stage have sufficient knowledge, the
competition goes through cost, customisation and whole product+1 (Lilischkis, 2013;
Moore, 1998). Thus as there is high competition in the market (Albert et al., 2015;
O’Reilly and Tushman, 2013) by mostly established companies (Asthana, 1995). Product
development activities at this stage tend to involve variation, customisation (Anderson
and Tushman, 1990), and cost reduction (Abernathy and Utterback, 1978).
Finally, when the technological performance becomes more constant and there is no
significant room for performance improvement, the technology starts declining and gets
aged (Ford and Ryan, 1981). Technology performance may be at the highest by many
TLC indicators at this stage (Gao et al. 2013). Processes are also in the highest level of

efficiency but flexibility and innovation trends are decreasing (Abernathy and Utterback,
1978). Moreover, cost reduction is the most apparent need of laggard customers (Moore,
2002) beside the fact that the laggard group of customers are not very interested in using
complicated technologies (Rogers, 2010) and prefer to have simple and more user
friendly products, which can also be a competitive strategy at this point (Moore, 1998).

2.2 Product development sourcing strategies
Three external product development sourcing strategies are discussed, including
outsourcing, strategic alliances and strategic company acquisition. These sourcing
strategies have distinct levels of integration between the companies. Each of these
sourcing strategies can be linked to various governance models and structures which are
out of the scope of this study.

2.2.1 Outsourcing
Outsourcing product development is seen as implication, process and sourcing of
innovation from outside of the company (Suarez-Villa and Rama, 1996). Additionally,
outsourcing can be seen as external technological activities, where the company just buys
the result (Chiesa and Manzini, 1998), result which can be investigated from various
viewpoints. As the first priority for many organisations is being beneficial, with lower
costs, many studies have been realised based on the impacts of outsourcing on cost
reduction (e.g. Afuah, 2001; Leiblein and Miller, 2003; Masten et al., 1991; Monteverde,
1995; Rothaermel and Deeds, 2006; Spithoven and Teirlinck, 2015).
On the other hand, the boldest aspect of product development sourcing is knowledge
transfer that different studies have tried to address while discussing outsourcing in
product development (e.g. Afuah, 2001; Cohen and Levinthal, 1990; Gupta and
Polonsky, 2014; McGrath and McMillan, 2000; Rothaermel and Deeds, 2006). Many
researchers have shown that knowledge transfer by outsourcing can be easy and fast
(Lawson et al., 2014; Torvinen et al., 2014; Zhao et al., 2014), while simultaneously
various studies have illustrated the negative impacts of knowledge transfer by
outsourcing, such as opportunistic behaviour (Bhattacharya et al., 2015; Handley and
Angst, 2014), and organisational costs compared to internalising (Jacobides and
Billinger, 2006). On the other hand, Outsourcing combined with globalisation or
segmentation of business processes, involving people from internal and external
organisations may hamper the product quality as more complex communication is
required (Ng et al. 2012).
Beside the fact that the ultimate aim of sourcing in any organisation is optimised
allocation of resources (Hamel and Prahalad, 1994; Quinn, 2013; Teece et al., 1997),
many studies have tried to investigate product development outsourcing based on
resource perspective (e.g. Cassiman and Veulgeres, 2000; Kozlenkova et al., 2014).
Moreover, different studies recommend outsourcing product development only partially
to keep the company size, and enjoy the benefits of external resources such as materials
testing or prototyping (Mowery and Rosenberg, 1989).

2.2.2 Strategic alliances
Strategic alliances are defined as sharing the resources of different companies to gain
shared innovative value (Chiesa and Manzini, 1998). Different studies introduce
motivations for forming strategic alliances including, internationalisation (Brouthers et
al., 2014; Yoshino and Rangan, 1995), technological needs (Gilsing et al., 2015;
Hagerdoorn, 1993; Tyler and Steensma, 1998) and uncertainty (Collet and Philippe,
2014; Dickson and Weaver, 1997). Strategic alliances are also presented as a sourcing
lever to optimise supply relationships (Hesping and Schiele, 2016).
For example Gulati (1995) recommends building strategic alliances when there are
medium levels of costs that relate to transactions, ones that are enough to choose
outsourcing. Other studies focus on aspects such as continuity (Olk and Young, 1997),
stability (Parkhe, 1993), and flexibility (Young-Ybarra and Wiersema, 1999), all of
which, in a cost centric manner. There are also various studies that try to investigate
strategy, estimate the hazards and build adequate models to overcome risks, or prevent
risks (e.g. Buvik and Halskau, 2016; Parkhe, 1991; Galanter, 1981; Oumlil and Williams,
2011; Williamson, 1983). For example, Parkhe (1993) built a model for gaining the best
strategic alliance for preventing opportunistic behaviour. Moreover, Kogut (1988)
suggest building strategic alliances rather than relying on other means of sourcing, in
situations when the uncertainty and asset specificity are high and outsourcing and
auditing the performance are not easy.
Companies requires to have special knowledge, capabilities and know-how to
transform technologies into products and sell them to customers (Amit and Schoemaker,
2013; Teece et al., 1997), whereas gaining the knowledge is a complex, time consuming
and an expensive task. Hence, many companies enter allies to gain what is needed to fill
the gap between their own available knowledge and the required know-how (George et
al., 2002; Hagerdoorn, 1993; Patzelt et al., 2008; Rothaermel and Deeds, 2006; Wei et al.,
2000). This type of learning and knowledge transfer is dependent on factors such as
absorptive capacity (Nelson and Winter, 2009; Powell et al., 1996), which can be seen to
be based on a company’s internal capabilities (Leiblein and Miller, 2003; Mayer and
Nickerson, 2005).
In situations when a resource is critical to the market and external companies own it,
and while the resource is not separable from other assets, a strategic alliance can be a
suitable strategy (Ramanathan et al., 1997). Madhok (1997) adds the fact that developing
such critical resources internally could be costly and timely for the company. Therefore,
companies tend to form strategic alliances in case of critical resources when the resource
characteristics and company organisational governance are influential enough to build
strategic alliances (Das and Teng, 2000).

2.2.3 Strategic company acquisition
Companies typically acquire other companies to access certain technologies or
technology competencies (Chiesa and Manzini, 1998). Additionally, Chatterji (1996)
argues that large companies buy smaller ones to develop particular technologies. Other
reasons, such as faster time-to-market in product development can be considered among
the reasons for strategic acquisitions (Chatterji, 1996; Chiesa and Manzini, 1998; Roberts
and Berry, 1984). The literature view acquisitions mostly from a geographical viewpoint
and analyse them from the viewpoint of broadening, or optimising the geographical

market (Harrison et al., 1991). Particularly, actors in the emerging markets acquire
technologies to remain competitive in their domestic markets and if they have global
ambitions, to compete globally (Sharma and Jha, 2016).
Kogut (1988) believes that the reason of acquiring a company lies in other factors
than the costs of transaction, while Oster (1990) argues that either acquisition should
either be seen as a profitable bargain or as a source of more efficient processes. Hennart
and Reddy (1997) present two factors for choosing acquisition: increased efficiency and
desirability of the company to be acquired, they also mention some obstacles of strategic
acquisition success, including established organisational culture and pre-hired labour.
Also Stettner and Lavie (2014) introduce drivers for acquisitions, including cost, market
power and technological synergy. Brand name and customer acquisition are also among
the driving factors of acquisition strategy (Yip, 1982). Knowledge acquisition is a known
reason for acquisitions (Ferreira et al., 2014). The knowledge to be acquired can be
divided into general knowledge of local economy and product specific knowledge
(Hennart, 1988). The internal capabilities of the buyer company also play a crucial role in
the acquisitions, as the new resources should be managed and aligned perfectly with the
internal elements of the buyer organisation to be beneficial (Hennart and Raddy; 1997;
Stettner and Lavie, 2014; Wilson, 1980; Zejan, 1990).

2.3 Driving factors for product development sourcing over TLC
Three company strategy indicator models were selected to analyse different sourcing
strategies over a technology life-cycle based on their characteristics, the models include:
TCT, knowledge-based theory, and resource-based theory. This tackles the lack in
diversity in theories used as Sucky and Durst (2013) have emphasised the lack of
diversity as the shortcoming of many studies that focus on a single theory. It is
particularly the technological change and the pace of development in high-tech why
companies require perspectives for the build, borrow or buy decisions (Capron and
Mitchell, 2013). In this section, relevant factors and the characteristics of each theory are
discussed.

2.3.1 Transaction cost theory
There are several methods that can be used to analyse sourcing strategies. The oldest and
most known theory that is based on cost planning is developed by Williamson (1983,
1991). Generally, from TCT viewpoint there are two different cost groups that can
conclude total costs: production cost and transaction cost (Williamson, 1991). The
production cost is the cost of adding value in the perfect market circumstances, while the
transaction cost comes from any failures that can be made by the market (Williamson,
1991).
TCT can be applied to approach sourcing decisions due to its uses as an explanator. The
question may be formulated as of whether it is more cost-efficient to use the market and
outsource opposed to relying on hierarchy and utilise in-house provision, depending on the
nature of the tasks being considered (Williamson, 1981). Cost savings of outsourcing would
deteriorate if investments are necessary to perform the task as investments would decrease
production cost savings, but also lead into opportunistic situations (Williamson, 1981).
Transaction costs would rise due to any efforts to protect against opportunistic behaviour.
According to TCT, opportunistic behaviour is possible to

be prevented better through hierarchies than in exchange relationships with external
companies (Williamson, 1975). The decision of sourcing could be market acquisition
(outsourcing), hierarchy (internalising) or hybrid (building allies), which as Coase
(2007), and later Kogut (1988) argue that the production cost could be reduced by
outsourcing, while the transaction costs can increase dramatically by using allies or
market integration. Therefore, not only the production costs of different sourcing
strategies should be evaluated, but also the transaction costs should be found (Das and
Teng, 2000). Williamson (1983, 1991) classified the transaction cost driver factors into
three groups: asset specificities, frequency and uncertainty. As an example of more
advanced considerations, Sharma (2016) has developed a strategic sourcing decision
model that incorporates also risk elements aside cost elements to support sourcing
decisions, where transaction cost is considered as one of the major cost factors. It is the
uncertainty surrounding a transaction that is critical also from the perspective of forming
alliances as companies have to plan for potential contingencies and the cost of
transaction tends to rise (Williamson, 1979). Particularly in high-tech collaborations,
alliance partners are not necessarily aware of the complex interactions involving many
technical processes and the impact of these interactions on collaborative outcomes
(Fleming, 2001). Trust being an important driver for alliance performance, Meier et al.
(2016) has distinguished between different mechanisms. On the other hand, contractual
governance in the form of detailed contracts that cover contingencies is seen to safeguard
against opportunism concerns in strategic alliances (Mayer and Argyres, 2004).
Acquisition transactions, on the other hand, may take place on both the buy and sell sides
in strategic acquisitions, nevertheless particularly overcoming cross-border barriers may
come with significant transaction costs (Holloway et al. 2016).
Strategic sourcing have previously been seen from different perspectives and the
decision making structures are built according to diverse factors (Heide and Weiss,
1995), whereas from the product perspective the interactions of different products via for
example cannibalisation are seen to weaken the robustness of the methods (Rumelt,
1995). Also, Ghoshal and Moran (1996) urge to caution against applying TCT logic for
normative purposes, whilst view it useful for simplifying assumptions and explaining
practice. Williamson (1991) critiques the theory by himself by arguing that in long-term
contracting the company would result in being too dependent on the suppliers because the
knowledge and the internal capabilities would be forgotten according to the TCT.
Nevertheless, TCT appears not to have been applied on product development sourcing
decisions over the technology life-cycle stages in the previous literature.

2.3.2 Knowledge-based theory
Knowledge-based theory focuses on the competence of people as they are seen as the
only true agents of business where assets, both tangible and intangible are results of
human action (Sveiby, 2001). The knowledge and the know-how are seen as documented
assets like any other tangible assets of the company. The theory tries to allocate
knowledge and know-how in a more efficient way to add the most value (Grant, 1996).
Cross-functional capabilities such as product development reflect the strategic
importance and managerial challenge of capabilities that require integrating specialists
with knowledge (Clark and Fujimoto, 1992; Grant, 1996). Competitive advantage relates
to how well a company creates, stores, and applies knowledge (Drucker, 1978).

Knowledge-based theory, has been applied in different areas such as intellectual strategic
planning (Rossi et al., 2016) and knowledge management area (Calvo-Mora et al., 2015).
Knowledge-based reasoning predicts perhaps even tautologically that companies
source internally what they perform well, and outsource what others perform well
(Argyres, 1996). Knowledge-based explanations of choice assume that efficient
production necessitates specialised investments in physical and human assets, whereas
company specific investments are the source of valuable knowledge and capabilities
(Poppo and Zenger, 1998). Solutions are searched via the choice of internal versus
external (Nickerson and Zenger, 2004). The degree of knowledge risk is hence an
attribute to be considered when outsourcing (Schwarz et al., 2009). In fact, different
writings in the literature emphasise the positive influence of outsourcing product
development based on company internal capabilities from the knowledge viewpoint.
(Afuah, 2001; Ahmadjian and Lincoln, 2001; Chen et al., 2009, 2011; Chesbrough et al.,
2006; Cohen and Levinthal, 1990; Luca and Atuahene-Gima, 2007; Laursen and Salter,
2006; Rothaermel and Deeds, 2006; Zhang et al., 2009). As Mitchell and Parmigiani
(2009) emphasised that knowledge enhancement not only can be the major incentive and
the reason for a company to outsource, but knowledge can also be gained as being in
collaboration with external companies further improves company knowledge and
capabilities.
Knowledge is also in the core of strategic alliance decisions as sharing knowledge,
including technology and capabilities have been seen as the main objectives of forming
an alliance (Dyer and Nobeoka, 2000; Kale et al., 2000). Acquiring knowledge is
assumed to be the goal of strategic alliances from the organisational learning perspective,
each alliance member seeking to learn faster than the partner (Hamel, 1991).
Nevertheless, Grant and Baden-Fuller (2004) argue that the primary advantage of
alliances over both firms and markets is in the access rather than acquiring knowledge.
Furthermore, knowledge transfer and resource sharing are sough in strategic acquisitions
that are seen to often fall short of expectations (Schoenberg, 2001). Nevertheless the
timeframe is a factor as the transfer of technological know-how is seen to be facilitated
by communication, visits and meetings, and by the time elapsed since acquisition
(Bresman et al., 1999).
Hence, it can be said that he most crucial resource of a company is knowledge, which
can make the superior competitive advantage (Sveiby, 2001). The organisation adds
value by transferring knowledge, involving external and internal resources (Allee, 2000),
while KBT assumes that transferring knowledge to new people adds value to them, while
also remaining with the owner of the knowledge (Sveiby, 2001). According to Grigoriou
and Rothaermel (2016) external sourcing that leads to new knowledge trajectories might
potentially be substituting for knowledge paths suggested by internal development, and
the effectiveness depends on the properties of internal knowledge production. In the case
of knowledge-based theory, it appears that applying the theory on product development
sourcing decisions over the technology life-cycle stages is scarce in the previous
literature.

2.3.3 Resource-based theory
Resource-based theory looks at the resources as the assets pointing how a combination of
external and internal resources can build powerful competitiveness for a company, while
the limitations of a company can be identified by the gap between its capabilities and

external capabilities (Das and Teng, 2000; Madhok, 1997; McIvor, 2009). Building
competitive strategies for the company based on internal competence and capabilities,
and external circumstances has been emphasised, while resource-based theory emphasise
how a company can be superior by utilising external capabilities (Nyberg et al., 2014;
Proctor, 2014). In RBT, the resources are seen as ‘processed by the firms’ as many of
them belong to specialised firms and are not mobilised or imitable (Das and Teng, 2000).
RBT bases on six conditions of resource heterogeneity, rarity, imitability, sustainability,
expose limit and imperfect resource mobility (Peteraf, 1993), all of which have uses in
investigating companies and their suppliers. Similarly, different models are built based on
RBT to analyse different industries’ competitive advantage (e.g. Ghapanchi et al., 2014).
Nevertheless, also critique has been presented as for example Bromiley and Rau (2016)
criticise resource-based view for defining resources as strictly positive and not allowing
for the possibility for negative or neutral impacts on performance, either directly or
indirectly.
The resource-based view’s perspective to outsourcing is relevant as superior
performance is achieved in organisational activities relative to competitors, and the
theory has uses in explaining why such activities would be performed internally.
Outsourcing decisions are influenced by the ability of a company to sustain superior
performance in relation to competitors (McIvor, 2009). Addressing outsourcing based on
resources and capabilities means that core competencies are understood, those on which a
company attempts to build future competitive advantage on (Bettis et al., 1992).
Resource-based theory helps in understanding the core competencies. According to Grant
(1996), the lack of resources can be addressed via outsourcing or strategic alliances.
Some critique has also been presented, McIvor (2009) argues that the resource-based
view alone cannot fully explain the complexities of outsourcing. Also, resource-based
theory is not seen to adequately predict the level of outsourcing in all cases (Yap et al.,
2016).
Strategic alliances, as well as acquisitions can help to access resources and
capabilities (Lin et al., 2009). Alliances can in fact create combinations of resources that
are unique and hence provide advantage (Lavie, 2006). The success of the alliance for
intangible and tangible resources may however relate differently to the uncertainty
situations, and situation of the competition for those resources (Dyer et al., 2004). There
are also some indications that when considered from the resource-based perspective,
certain managerial capabilities may benefit of strategic alliances (Lioukas et al. 2016).
The same logic applies to strategic acquisitions as acquiring companies with relevant
resources or capabilities can create an advantage (King et al. 2008). It has been widely
accepted that executive turnover leads to lower post acquisition performance, yet Krug et
al. (2014) challenge this and argue that the decision on the company executives is mostly
a matter of context. This shows how the strategic acquisitions are complex and no simple
truth exist. Product development sourcing decisions, however, appear not to have been
discussed from the resource-based theory perspective over the technology life-cycle
stages in the previous literature.

2.4 Synthesis
As a synthesis of the literature findings, the sourcing strategies (outsourcing, strategic
alliances and strategic company acquisition) are discussed under the structures of the
three strategy building models (TCT, knowledge-based theory, resource-based theory).
The essence of each strategy building model and the logic of the three models from the
perspective of each sourcing strategy are illustrated (Table 1). Considering the sourcing
strategies in this manner allows a level of simplification on the perspective of the strategy
formulating theories.
Table 1

Sourcing strategies (outsourcing, strategic alliances and strategic company
acquisition) through the lenses of the three strategy formulating theories
(TCT, knowledge-based theory, and resource-based theory)

Transaction
cost theory

Knowledgebased theory

Essence of the
theory
Lowest possible
production cost
and transaction
cost (Kogut, 1988;
Williamson, 1985)

Knowledge and
capabilities of a
company should
be maximised to
have sustainable
competitiveness
and best
performance
(Sveiby, 2001)

Outsourcing

Alliances

Acquisitions

Maximise
production cost,
minimise
transaction cost
(Das and Teng,
2000) while they
depend highly on
other factors
such as asset
specificity
(McIvor, 2009)

Medium level
of transaction
and
production
costs (Das and
Teng, 2000;
Gulati, 1995)

Production costs
are lower but
transaction costs
can be high in
accordance with
uncertainty, and
asset specificity
(Kogut, 1988)

Outsourcing can
increase
knowledge
capabilities of a
company (Afuah,
2001; Cohen and
Levinthal, 1990;
Gupta and
Polonsky., 2014;
McGrath and
McMillan, 2000;
Rothaermel and
Deeds, 2006)
while
opportunism
should be seen
(Bhattacharya
et al., 2015;
Handley and
Angst, 2014)

In case of high
uncertainty
and asset
specificity
(Kogut, 1988)
The critical
knowledge is
not inside the
company
completely or
partially, and
knowledge is
complex, and
while
developing it
internally is
time
consuming
and expensive
(George et al.,
2002;
Hagedoorn,
1993; Patzelt
et al., 2008;
Rothaermel
and Deeds,
2006; Wei
et al., 2000)

Knowledge
acquisition can
be a known
reason for
strategic
company
acquisitions
(Ferriera et al.,
2014)

Table 1

Sourcing strategies (outsourcing, strategic alliances and strategic company
acquisition) through the lenses of the three strategy formulating theories
(TCT, knowledge-based theory, and resource-based theory) (continued)
Essence of the
theory

Resourcebased theory

Adding value by
adding external
superior resources
(Das and Teng,
2000; Madhok,
1997)

Outsourcing

Alliances

Acquisitions

Outsourcing can
reinforce internal
capabilities and
competitive
advantage
(Coates and
McDermott,
2002)

Important
capabilities
are not inside
the company
and gaining
them via
internal
capabilities is
timely and
costly
(Madhok,
1997)

There is an
enormous
amount of
capabilities that
are needed, or the
market for
acquired
company is vast
(Eisenhardt and
Schoonhoven,
1996).
Acquisition is a
beneficial
bargain to benefit
of the acquired
market in terms
of customer and
other assets like
brand name
(Oster, 1990;
Stettner and
Lavie, 2014; Yip,
1982)

Considering the focus of product development activities over TLC stages can be
beneficial to perceive the development emphasis at different stages. This information is
required to consider suitable sourcing strategies for different situations. On the other
hand, also considering the perspectives of the three strategy building models (TCT, KBT,
and RBT) allows better understanding the different situations from the perspectives of
transactions costs, knowledge and resources to make better, educated product
development sourcing decisions. This type of approach may allow rough understanding
of priorities for sourcing strategies over TLC stages in different situations. Figure 1
provides a synthesis where product development characteristics in different stages of
TLC are illustrated in the upper part, and the sourcing strategies in accordance with the
TLC stages and strategy building models in the lower part.

Figure 1 Product development activities over TLC stages with the priority of each sourcing
strategy based on the strategy formulating models (see online version for colours)
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Methodology

The purpose of this study is to analyse product development sourcing strategies over
technology life-cycle stages by acknowledging the technology maturity levels to find
drivers for selecting suitable sourcing strategies for different situations. The study is
based on an extensive review of literature and a study on the experiences of a well-known
high-tech infrastructure provider. The empirical study focuses on product development
sourcing over three technology generations covering information over almost three
decades. The study is qualitative by nature and applies inductive reasoning in its logic.
Qualitative nature of the study allows to explore the studied phenomenon (Ghauri and
Grønhaug, 2005) in ways that might not be possible by utilising a quantitative approach.
Also the sample to be utilised when using qualitative approach is discretionary to the
researcher, yet the emphasis is on the quality of input material that must be adequate for
the type of analysis and interpretations (Siggelkow, 2007).
In order to be able to explore product development sourcing strategies over
technology life-cycle stages, the technology life-cycle related literature was first analysed
carefully. In fact, technology life-cycle forms the platform for the entire study and hence
TLC’s and their characteristics are first considered. The three main sourcing strategies of
outsourcing, strategic alliances, and acquisition were selected as those to be analysed as
alternatives for internal sourcing. Internal product development sourcing meaning the
situation when the company uses wholly in-house knowledge, personnel and assets
(Cassiman and Veugelers, 2006). Hence, the literature on sourcing strategies is analysed.

Three different strategy formulating models including TCT, knowledge-based theory and
resource-based theory were selected to analyse the sourcing strategies from their
distinctive perspectives and to support investigating sourcing strategies over a technology
life-cycle stages. The relevant factors and the characteristics of each of these three
strategy formulating models are analysed based on the literature. In addition, each of the
three selected sourcing strategies (outsourcing, strategic alliances, and acquisition) is
analysed from the viewpoint of the strategy defining models. The logic of each strategy
formulating model is synthesised together with the perspective of each sourcing strategy.
Finally based on the literature as a result of synthesis, product development activities are
described over TLC together with sourcing strategies in accordance with TLC stages and
the strategy formulating models. This way a rough picture of the priority of each sourcing
strategy can be obtained over the TLC stages. The research framework of this study
(Figure 2) is hence constituted of the described elements.
Figure 2 Research framework

The empirical part of the study consists of analysing a high-tech infrastructure provider,
their experiences, and their data on three technology generations (A, B and C). The case
company was selected based on the opportunity to have an access to a company that is
one of the world leaders in its business, and also based on the possibility to analyse three
technology generations simultaneously. The well-known company operates in businessto-business markets providing high-tech products and equipment to a variety of
customers. The company has a significant number of employees, operations in over 100
countries with significant revenue. The data for this study is collected qualitatively during
nine semi-structured interviews (Merton et al., 1990). The interviewees consist of R&D
managers who have been working for the company over different technology generations.
In addition, four group meetings with seven participants were held with high-level R&D
directors whom have been influential in strategic decisions and are aware of market and
technology fluctuations in the industry. The interviews were

recorded to enable thorough analyses, while the interview atmosphere was informal to
gain more accurate data. Aside the semi-structured interviews the data sources included
personal observations, and company confidential material. The variety of analysed
material enabled triangulating and cross-verifying the findings (Yin, 2003) and also
helped to ensure reliability of the research. Based on the empirical study a trend of
sourcing strategies covering three technology generations is presented along a technology
life-cycle stages. Conclusions were drawn based on analysing the interview material and
reflecting the empirical findings against those of literature.

4

Results

The empirical part focuses on different sourcing strategies, including outsourcing,
strategic alliances, and strategic company acquisitions during different technology
generations (A, B and C) based on three strategy building models of TCT, resource-based
theory and knowledge-based theory. Each of the discussed models builds their decisions
on different motivations and is based on distinctive priorities. Hence, sometimes the
models have similar aims, and the decisions, mostly those basing on resource
considerations and knowledge considerations are supportive. Some apparent contrast
between the strategy building models’ justifications was also evident. Therefore, the
company strategic decisions are brought forward and discussed, revealing the logic of the
made decisions and their basis, linked to the relevant models.
Technology A is the first digital generation of the technology that made the systems
significantly more efficient allowing far greater penetration levels than the analogue
predecessor. Technology A allowed providing services that were not possible before,
while the system capacity increased and the quality of the main benefit of the technology
was improved. The technology generation A experienced introduction or embryonic
phase from 1987 to 1991, when the main aim of product development was developing the
best performance at the right time, so that the company could be part of industry
standards. While a big part of knowledge capabilities did not exist within the company at
the time, they had a strategic alliances with some other companies within the industry.
Strategic alliance activities contained about 67% of the entire product development
activities of generation A. The internal team which was collaborating in the strategic
alliance consisted mostly of talented recent graduates who learned the knowledge quickly
and helped the company to bypass the alliances by 1991 when the product entered the
market The best just graduated electrical engineers were working in the development
team to learn the new system, they were smart and their duty was to internalize the
knowledge. After four years we left the consortium and became the toughest competitors
of our former allies one of the R&D director admits. At this point, the company started its
own internalised product development. Therefore entering the strategic alliance with the
aim of knowledge acquisition had been successful, and already in the growth phase of the
technology the relevant knowledge was completely internalised. Besides, about 5% of
activities were outsourced to professional companies that could handle those activities
cheaper than the internal resources, based on the logic of TCT. The relevant knowledge
relating to the outsourced activities was internally available and the internal resources had
the capabilities of developing them further. Hence, due to not involving core
competencies, internalisation of the outsourced activities would have not added any
value.

Subsequently, between 1991 and 1994 the technology A stayed in the chasm due to
lack of integration with those external companies that were producing end-user devices.
One of the R&D directors represented: The technology was introducing a new exciting
horizon for the end users, though the end-user devices were not ready. After the
introduction of the first end-user device with the new functionality, the sales diagrams
were boiling to the climax point like crazy. By 1994 when the first user devices came to
the market with new features, the technology A went into tornado, suggesting that the
company should produce products in the most efficient way besides keeping track of
performance enhancements and cost reduction activities. In the previous stage the
company had been able to acquire the knowledge capabilities mostly by the internal
resources, therefore in the beginning of the growth phase the products were developed by
internal resources. At this point, the trained internal resources were not only more
productive but also developed products that were more efficient and customer friendly.
One of the R&D managers stated: Our own engineers were smarter and more familiar
with the policy of the company, on the other hand they did not have language barriers
and they were so collaborative, some of the results of the internal R&D team were mind
blowing and not even comparable with the systems designed under the alliance condition.
However, for some parts of product development activities, those that were considered as
non-core competence, such as testing and prototyping, were outsourced. Those
outsourced non-core activities, consisting of about 10% of the entire product
development activities were known as more efficient than the alternatives. We needed to
be as fast as the market, and did not have the time to attach new R&D teams with new
capabilities. There was no time for complexity and learning, and was not the right place
for ambitious expansions, all the none-core activities were outsourced.
In 1995, the technology generation A got mature. The basic targets of product
development at this stage were performance and feature improvement, which caused
indirect cost reductions for both business customers and the end-users. As in the previous
product development phase, only a part of activities were outsourced, mostly testing and
prototyping which included about 10% of the entire product development activities. At
this time, as the technology maturity had increased and product enhancements required
further knowledge in company’s core competence areas and technologies. Therefore, in
order to acquire the needed knowledge, the company entered another strategic alliance
with powerful partners. The company gained the required knowledge through the
collaboration, not only resulting in internal knowledge enhancement but also increased
technology products’ efficiency.
As a consequence of the developments, the technology A got aged in 2010. Even
though the technology had aged, it has been still been profitable to date and the company
is still developing products based on this technology with an aim of further efficiency and
cost reduction. Naturally, the knowledge is internally available, but using internal
resources for a technology that is getting aged does not seem logical. Therefore, due to
internal resources better being used in more strategic product development activities,
those other than cost reduction for loyal customers resulting about 30% of the entire
activities were being outsourced. We do not need the knowledge and we do not want to
have a monster size product development factory that can be difficult to rule, so other can
do the minor modifications and efficiency improvement development. At the time new
technology generations already existed. While the crucial strategic sourcing decision at
the stage was being a part of a strategic alliance, which was trying to integrate different
technology generations into a single product meaning that a single product could provide

multi technology generations’ services for customers. More efficient, more user-friendly
and easier to shift from one technology generation to the other by the end-user devices.
The mature technology has its own few customers based on its application and its
financial situation, therefore it has been crucial to provide hardware and software which
support two or three technology generations at the same time, that is how we tried to
produce such products under collaboration with allies another R&D director admitted.
Therefore, about 5% of entire product development activities were realised in
collaboration with allies. As a consequence, product development activities of generation
A were outsourced partially in non-core competence areas such as testing and
prototyping. Simultaneously in terms of knowledge acquisition, the company tried to
internalise knowledge capabilities by being a part of strategic alliances, and in fact was
successful through all the three stages: embryonic, growth and maturity. The current
trend with this technology in question is that some customers in certain countries are
ceasing services that are based on this technology during 2016–2021 The technology is
cheaper to use and more reliable, although the capacity of service is low, lots of
infrastructure spots which do not need wider capacities are still depending on the
declining technology. Moreover, the end-user products are cheaper and totally more
reliable, that is the reason for customers to have inertia of keeping the old technology
products for a while.
Technology B was based on certain standards and came with applications that
revolutionised the way the end-user devices could be used, simultaneously security and
reliability of the technology were far better than the predecessor’s. Technology
generation B’s embryonic phase started in 1995, concurrently with the generation A
transferring from growth phase into maturity. In fact, it took about six years until 2001
before the first technology B based product entered the market. Technology generation B
was developed almost completely internally. The case company had the knowledge
within the company, and as the previous generation was yielding so well that the
company had the possibility to maintain the resources and know-how within the
organisation. The only part of product development that was taken care externally, was
part of testing and prototyping. In those cases, the equipment and knowledge were not
internal and were not seen to be needed because testing and prototyping were outside of
the company’s core competence. Therefore about 30% of product development activities
were outsourced to provide the product technology to the market in larger scale in 2002.
In 2001, the initial first sales item of the technology B generation sold out. While
until 2005 generation B sales did not touch growth requirements, because of two reasons:
firstly the technology was not yet reliable and secondly there were no devices for the endusers that could utilise the new capabilities of the technology B. Although in 2006 when
the end-user devices were introduced to the market and the technology became more
reliable, tornado started and only within a year the technology moved into maturity
phase. It was a bomb! one R&D manager admits, The sales in the first six month of 2006
was three times more than the entire sales estimated for the technology. Therefore, in
order to improve performance, the case company acquired an established company who
had strong capabilities in generation B. This was to add to the company’s resources and
acquire necessary knowledge capabilities. Moreover, they used smart strategic products
that utilised the acquired knowledge and resources. This was integrating the previous and
current technology generations (A and B) to not only satisfy conservative customers but
also new adopters. Additionally, acquiring a big established company caused adding a
new market to the portfolio with a big portion of business that could bring a lot of

monetary value to the company. Therefore the acquisition strategy was not only
explained by knowledge-based theory analysis, which was the main reason for the
acquisition, but also by resource-based and TCT analysis. At this stage, the testing and
prototyping part of product development remained to be outsourced as for the previous
generation.
Subsequently, technology generation B got mature in 2006, and product development
activities continued with the target of cost reduction both directly and indirectly. This was
by improving efficiency features and optimising the process to install bases as much as
possible in order to maintain customer loyalty. At this point, generation B was selling so
much that the company was excited to find as much resources as possible to develop
more products. Therefore, the company bought another established company with a large
amount of capable resources besides an enormous business share. The case company was
now not only enjoying the new capabilities but also a lot of money was coming in. The
basic motivation for the acquisition was adding resources according to resource-based
theory, while choosing acquisition strategy was also rather well in line with the
requirements of TCT. Although the knowledge base of the company was in edge point of
the technology and the company did not need any sourcing strategy decisions based on
knowledge acquisitions. Our internal engineers were working perfectly, though the new
acquired company had huge capabilities besides the great market expansion opportunity.
Therefore internal engineers were supervising the process of merging new R&D teams
into the company and familiarising them with our organisational cultures one of the
R&D managers explained. Additionally, after the acquisition of the established company,
the case company was responsible for a big portion of the market, customer demands
required a lot product development activities and they decided to enter a strategic alliance
in product development to utilise partners’ resources in some product development
activities.
Acquiring two well established companies with high competences in generation B
technology besides collaborating in the form of strategic alliances resulted in the
company having high knowledge and capabilities in generation B development.
Additionally, from the perspective of TCT they were capable of financing various
advanced product development activities. Therefore, in the middle of product
development activities for generation B the case company developed generation C
concept definition and introduced it. We were working greatly, we had knowledge, funds
and resources, all the high quality R&D activates lead into the new concept with was
much better than the previous generation although it was just found by generation B
related lab engineers. While the new developed technology generation and big portion of
business capabilities caused the company to ambitiously acquire another established
company with high competences. The acquisition added yet another knowledgeable
product development resource foundation to the company which caused faster and more
efficient technology development. Now the company was quicker than competitors in
establishing standards and producing real products for the market as they had a huge
potential base of know-how and capabilities.
Technology C was based on even more stringent standards and came with ever new
possibilities for the way the end-user devices could be used. Finally in 2011 the first
technology C based product entered the market, although product development process
was quick and efficient the first introduced product was expensive, slow and not reliable,
so the technology generation C stood in the chasm phase for a couple of years. The case
company made another strategic decision, and acquired a competitor with a big amount

of capability and resources in generation C, which contained about 10% of the entire
product development activities. The acquisition decision was made based on knowledgebased theory to reinforce internal capabilities. Additionally at the time, the company was
simultaneously working on three different generations’ product development. Even
though they acquired additional resources and capable people, the acquired companies
had their own business market to be met as well, therefore resource-based theory analysis
requirements were fulfilled. The tornado started as a result of introducing more reliable
products in 2013. The products had more reasonable prices and linked to more integrated
end-user devices. The technology generation C was in tornado until 2014 until the entire
generation went into maturity phase. The product development activities were continued
by sharing resources in a strategic alliance to produce cheaper and more efficient
products with better functionalities. This was based on the TCT perspective. At this stage
the almost constant portion of outsourced product development of non-core activities
contained about 3% of whole product development activities. Sourcing decisions through
the described technology generations A, B, and C could be described by the three strategy
formulating models, while various internal and external factors were influencing the
made decisions. Next technology generation D is already under development, but was
excluded as out of the scope of this study due to high confidentiality and the current stage
of development. The focus of generation D development is slightly different to its
predecessors. We are still trying to find out what the next generation concept can be,
although we are working hard with lots of research institutions under high pressure to be
part of standardisation process of the next generation as we have been for the past
generations a R&D director states.
As a conclusion to the above described, Figure 3 illustrates the trend of sourcing
strategies as a part of a technology life-cycle. In the case of technology generation A, the
company did not have a big part of critical knowledge internally, therefore based on KBT
analysis they entered an alliance to enhance internal knowledge. Opposed to generation
A, most of the product development activities had been preferred to be done internally in
generation B and C, during their embryonic phases, due to the knowledge capabilities
being internally available. Only a small portion of non-core activities were outsourced in
the case of generations B and C. The case company did utilise acquisition in the case of
generation C to expand company business and to add resources.
In the growth phase of technology generation A, internalised knowledge capabilities
allocated almost all of the company’s product development activities, except some noncore parts. Technology generation B and C in addition to outsourcing, had some strategic
acquisition in their portfolio which were under resource-based and knowledge-based
analysis methods. While the amount of product development activities under
collaboration with strategic allies with regards the technology generation C seems
considerable (10%), that can be explained in accordance with the company improvement
in the industry and aim of expanding the business and resources.
Subsequently, in maturity phase the company aimed to externalise product
development further, while for technology B the sourcing strategies had a smaller
integration level (strategic alliances and acquisition) as while the percentages had growth
as the flexibility improved and uncertainty became less. The continuation of the
mentioned trend can be found in the decline phase as well, while only 65% of the whole
product development activities are internalised.

Figure 3 Trend of sourcing strategies for technology generations A, B and C along a technology
life-cycle (see online version for colours)
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Discussion

The empirical part focuses on different sourcing strategies, including outsourcing,
strategic alliances, and strategic company acquisitions during different technology
generations (A, B and C) and presents the developments based on three strategy building
models of TCT, RBT and KBT. The results emphasise the trend of the importance of
knowledge against the importance of costs, which affects both, mapping product
development activities and selecting product development sourcing strategies. This is in
line with the TCT’s emphasis on cost efficiency, therefore in the beginning of technology
life-cycle when high uncertainty is present and asset specificity prevails, internalising
could be seen as the most efficient strategy (Kogut, 1988). However as knowledge is
more important than the cost in the beginning of the life-cycle, especially when the
knowledge is not internally available, a company can utilise external sources based on
knowledge-based theory and resource-based theory. This is in line with the literature
(George et al., 2002; Hagerdoorn, 1993; Patzelt et al., 2008; Rothaermel and Deeds,
2006; Wei et al., 2000). According to the results of this study strategic alliance is a good
sourcing strategy in the absence of internal capabilities for gaining knowledge in the
beginning of a technology life-cycle. This seemed to be also the case for the technology
generation A where 67% of the entire product development activities were done in
partnering with allies. In other words, strategic alliance is a good strategy for gaining

knowledge in the beginning, while later outsourcing can be better from the cost efficiency
perspective. For this reason, later on during the technology decline phase when the
company was trying to reduce costs, outsourcing was seen as a better approach, which is
also in line with the TCT. Based on TCT, outsourcing can reduce costs, a fact that is well
discussed also in the previous literature (Afuah, 2001; Harrigan, 2014; Leiblein and
Miller, 2003; Masten et al., 1991; Monteverde, 1995; Rothaermel and Deeds, 2006;
Spithoven and Teirlinck, 2015). The company wanted to keep the technology generation
A in the market during the decline phase as it still resulted in profitable products.
Outsourcing and using external cheaper resources at this stage can be supported by the
TCT. Additionally, as the internal resources can be allocated in more strategic technology
generations’ product development, outsourcing at this stage can meet resource based
theory’s requirements as well. Hence, the product development knowledge was internally
available and outsourcing could not be supported by the knowledge-based theory.
The case company had almost always a constant percentage of product development
that was outsourced during the technology generations. The outsourced portion included
non-core and non-strategic product development activities. This is a very traditional way
of outsourcing and is in line with the previous literature (Moore, 1998, Rita and Krapfel,
2015). Outsourcing non-core, non-strategic product development activities is in line with
RBT, TCT, and KBT. In line with resource-based theory for the reason that there is no
need to add on company internal resources; with TCT as it is cheaper to outsource; and
knowledge-based theory as all the knowledge is not needed internally. In the case
company, the non-core, non-strategic activities included prototyping and testing
activities.
In some ways this study presents a legacy of a powerful company from the beginning
of its emergence to the current date. The company’s acquisition strategy started at the
time the company became the industry leader and the company had been best seller for
years. The company was gaining the business and resources other than knowledge, while
the acquisition of small start-ups would make a different story. Moreover, acquisition is
basically a merger strategy where company size, business and resources other than
knowledge are acquired. This is in line with the studies that appreciate acquisition for
adding value in technological competence section (e.g. Chatterji, 1996) and others that
found business extension benefits of strategic acquisition (e.g. Harrison et al., 1991).
Acquisitions in the case company took place due to financial success of the acquired
companies and could be considered as bargains, which is line with TCT. The case
company also extended their resources, particularly in technology generations B and C,
which is in line with resource-based theory. However, as they had the knowledge
internally before the acquisitions, knowledge acquisitions could not be seen as one of the
targets and the acquisition decisions were not made based on the knowledge-based
theory.
Product development sourcing strategies are typically discussed in the literature from
the product viewpoint (Moore, 1998, Rita and Krapfel, 2015), and the viewpoint of
different theories (e.g., Rothaermel and Deeds, 2006; Spithoven and Teirlinck, 2015).
The way sourcing strategies are viewed as a part of technology life-cycle stages in this
study, based on technology maturity levels is new to the literature. The novelty of this
study is discussing sourcing strategies based on technology maturity over technology lifecycles.
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Conclusions

This study focuses on product development sourcing strategies based on technology
maturity levels over technology life-cycle stages. Three selected external sourcing
strategies, based on the level of company integration are utilised to map sourcing
strategies over technology a life-cycle, including outsourcing, strategic acquisitions, and
strategic alliances. Three strategy formulating models are employed to find drivers for
selecting suitable sourcing strategies. These models include TCT, knowledge-based
theory, and resource-based theory. The study is realised as a combination of a thorough
literature review and analysing a high-tech infrastructure provider and their data on three
technology generations (A, B and C).
The unique contribution of this paper entails analysing sourcing strategies from the
perspective of three strategy formulating models over a technology life-cycle stages. This
study contributes by creating a framework where product development activities
emphasis and sourcing strategies’ focus is presented over TLC by indicating the priority
of each strategy formulating model in different situations. This study also provides
contribution by analysing the sourcing strategies of an important player in the high-tech
infrastructure business simultaneously over three technology generations and presents the
employed sourcing strategies over a technology life-cycle, while also discussing
motivations behind the decisions.
It appears that product development sourcing strategies can be discussed according to
technology life-cycle stages based on different factors, including the characteristics of the
stage, characteristics of the product development activities, and factors and drivers of
each product development sourcing strategy. It seems that product development sourcing
strategies can be discussed according to technology life-cycle stages under factors that
are drawn by strategy formulating theories. In the beginning of the technology life-cycle,
knowledge capabilities play a crucial role in sourcing decisions for technology product
development, while later on when technologies become more mature cost reduction
becomes more important influencing the selected sourcing strategies.
Three different strategy formulating models were discussed over different stages of a
technology life-cycle. Each model has a focus based on certain factors and requirements
influencing the perspective over the stages of the technology life-cycle. One or two of the
models can be seen bolder than the others, therefore the factors and requirements could
be seen as the foundation of decision making when choosing product development
sourcing strategies. For instance, in the embryonic stage, the knowledge acquisition and
knowledge capabilities are considered as the enablers for the company to compete.
Hence, knowledge-based theory and its requirements play a pivotal role in making
decisions during the embryonic stage, while later on during technology maturity the
importance of cost efficiency becomes more significant. Therefore, transaction cost and
resource based theories’ requirements and factors should be considered for making better
decisions later on.
The theoretical implications of this study include discussing sourcing strategies over a
technology life cycle based on the maturity levels, providing new contribution taking the
fact that product development sourcing strategies are typically discussed from the product
viewpoint (Moore, 1998, Rita and Krapfel, 2015), and the viewpoint of single theories
(e.g., Rothaermel and Deeds, 2006; Spithoven and Teirlinck, 2015). Scientific discussion
can benefit of TLC considerations when discussing sourcing strategies. Hence, this study
also provides new contribution by including the perspective of three strategy formulating

models simultaneously and tackling the lack of diversity in the analysis as named as a
shortcoming of many studies by Sucky and Durst (2013). Including multiple perspectives
can prove beneficial for procurement management discussion. Aside of including the
TLC consideration to discussing sourcing strategies, this study also provides analysis of
three technology generations simultaneously providing a rather novel contribution to the
sourcing strategy related body of knowledge, potentially providing beneficial insights.
The managerial implications of this study encompass firstly the fact that decision
making for product development strategies is seen from a new perspective over
technology life-cycle stages, which may provide insights to the big picture. Managers can
see technology life-cycles not only from the market viewpoint, but also from the
perspective of company’s products. Companies can map all of their products in a single
picture to see how the products position along the stages of the technology life-cycle.
This enables analysing the next steps from the perspective of product development
activities. Moreover, by mapping all products, companies can view all the partners and
the related history along the technology life-cycles of their products in addition to the
history of their sourcing strategies that have been utilised together with their
corresponding results. Additionally, this study proposes three different strategy building
models for investigating the factors and requirements relevant to each life-cycle stage,
and describes the prioritisation principles for these stages. Therefore, companies’
decision makers might be less likely to be trapped in a single model’s requirements and
can view the matters from different angles.
Limitations of this study include analysing the product development sourcing
strategies based on technology maturity levels during technology life-cycle stages in a
single company. Hence, even though we tried to have as homogenous conditions as
possible for studying different technology generations to build a concrete model, the
model should be tested, and further developed by utilising other companies’ data. The
limitations also include the possibility of technological maturity potentially having some
company specifics in interpretations. This paper merely uses the logic and the essence of
the strategy formulating theories and applies it on product development sourcing over a
TLC and does not utilise the formulas and quantitative procedure. Also, the three strategy
building models that are discussed in this study, support different aspects of decision
making process, however, other models may help to improve the decision accuracy.
Therefore, further studies could address these limitations and take the found idea further
by involving other industries and technologies, and potentially apply additional strategy
building models to the presented concept.
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