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business processes. The aim of effective TM is to ensure that technological issues are incor
porated appropriately in these processes, to form a system that is coherent and integrated 
across and beyond specific business processes and activities. 

The proposed TM framework offers many advantages. It allows us to conceive that TM activ
ities might operate in any business process, department or business system level, for example 
project, corporate and strategic business units, in the firm. The framework does not differenti
ate with respect to the sector in which firms operate. It is val id for service firms as much as it is 
valid for firms in manufacturing seaors that are extensively discussed in Chapter 14. 

The framework also indicates that the specific TM issues faced by firms depend on the 
context (internal and external), in terms of organizational strucwre, systems, infrastrucwre, 

culture and structure, and the particular business environment and challenges confronting 
the firm, which change over time. The time dimension concerns synchronizing technologi
cal developments and capabilities with business requirements, in the context of evolving 
markets, products and technology. Thus, the TM framework is in line with the dynamic
capabilities framework. While the former focuses on managing techno logical capabil ities, 
the latter covers all capabili ty types. 

An advantage of the TM framework is its applicability to all firms regardless of their size, 
in contrast to the frameworks/models that implicitly assume firms with leadersh ip staws. 
Most are oriented towards large firms with R&D departments and elaborate organizational 
divisions of labour rather than small or medium-sized enterprises (SMEs) that might oper
ate with more informal processes with perhaps no official R&D or engineering department. 
Many SMEs lack R&D departments and they are followers, but the TM framework can still 
apply in these firms. 

Further, the framework considers technology as a resource. This is why the technology 
base of a company represents the technological knowledge that needs to be wrned into 
p roducts, processes and services through the technological capabilities developed by TM. 

The framework emphasizes the dynamic nature of the knowledge flows that must occur 
between the commercial and technologica l functions in the firm, linking to the strategy, 
innovation and operational processes (Phaal et al., 2004). An appropriate balance must 
be struck between market 'pull' (requirements) and technology 'push' (capabi li ties). 
Regard less of the driver of technological change, managers need to link markets and 
technology through various mechanisms, including traditional communication channels, 
cross-functional teams o r meetings, management tools, business processes, staff transfers 
and training. 

Firms vary widely in size and scope, ranging from a one-person firm to a company with 
multi-department/multi-country operations. In each case, this basic TM framework can be 
applied, adapted appropriately for the particular organizational context. After identifying 
the business processes behind strategy, innovation and operations, managers could inte
grate TM processes into them. The next section focuses on the generic TM processes that 
can be observed within firms. 

1.4 TM activities behind technological capabilities 

Many TM handbooks consist of numerous managerial tasks that are very general and have 
no explicit link to specific TM concepts (Dorf, 1999). This results in no clear set of TM 
activities and confusion as to what technology managers need to do. This book considers 
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the management of technology to be a professional task, and thus it focuses on a micro
level analysis of TM. This micro-focus makes it possible [0 understand how firms carry out 
their TM activities and what tools and techniques are needed to carry out these activities. 

The initial step is to use the TM framework and dynamic-capabilities theory to find a set 
of core/generic tech nological capabilities. The firm 's knowledge base includes its techno
logical competencies as well as its knowledge of customer needs and supplier capabilities. 
These com petencies reAect individual ski ll s and experiences as well as distinctive ways o f 
doing things inside firms. In ocher words, capabilities are gradually accumulated through 
various processes, procedures, ro utines and structures that are embedded in practice 
(Rush et aL, 2007). Thus, the goal in th is book is to identify the various com mon processes/ 
routines forming the key technological capabili t ies that reAect what goes on within com
panies. An emp hasis is given to processes sin ce the dynamic-capabilities approach em pha
sizes the process rather than the asset per se. 

Identi fying a core set o f TM activities naturally does not cover all possi bilities. Managers 
can benefit from a general TM framework and its grouping ofTM activities on ly when they 
consider their firms' own particular circumstances, resources and purposes. So t he purpose 
here in offering a generic set of TM activities is to achieve four key learning o bjectives: 

1 The core set of generic TM activities can be custom ized by any organization (manufac
turing o r services) and is applicable at a ny level. such as R&D unit or business unit, as 
well as at any size, either SMEs o r large firms. 

2 Knowing the main TM activities can reduce confusion between TM and other 
management activities such as innovation management. 

3 Linear and limited perceptions on TM activities can be replaced with a dynamic view 
that emphasizes the links between activities. 

4 Managers as well as engi neers and management students who want to pursue careers 
in TM can conceive what skills and knowledge are necessary to manage techno logy. 

Main TM activities 

TM activit ies are abundant, but it is possible to identify a small set of processes/routines 
that address the funda mental and com mon tasks needed to manage technologies and 
build technological capabilities. Choosing the unit of analysis as technological capabilities, 
the activity name is the sa me as t he specifi c technological capabi lity it aims to develop. As 
shown in Figure 1.1, the general TM model is based on six generic TM activities (Gregory, 
1995; Rush et aL, 2007; Ceti nda mar et aI., 2009): 

1 Acquisition: Acq uisi tion is how the com pany obtai ns the tech nologies valuable for 
its business. Acquisition is based on the buy- co llaborate- make decision. In other 
words, technologies might be developed internally, by so me form of collaboration, o r 
acq uired from external developers. The management of acquisition differs on the basis 
of the choke made. 

2 Exploitation: Exploitation entails commercialization but first the expected benefi ts 
need to be realized through effective implementation, absorption and operation of 
the technology within t he firm. Techn ologies are assimilated through tech nology 
transfer either from R&D to manufactu ring or from extern al company/partner to 
internal manufacturing department. Exploitation processes include in cremental 
developments, process improvements and marketing. 
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3 Identification: Identifi cation is necessary for technologies at all stages of development 
and market life cycle. This process includes market changes as well as technological 
developments. Identification includes search, auditing. data collection and intelligence 
processes for tech nologies and markets. 

4 Learning: Learning is a critical part of technological competency; it involves reAections 
on technology projects and processes carried our within or outside the firm. There is 
a strong link between this process and the broader field of knowledge management 
(KM). 

5 Protection: Formal processes such as patenting and staff retention need to be in 
place in order to protect intellectual assets within a firm. including the knowledge and 
expertise embedded in products and manufacturing systems. 

6 Selection: Selection takes account of company-level strategic issues. which requires a 
good grasp of strategic objectives and priorities developed at the business-strategy level. 
Then. the selection process aligns technology-related decisions with business strategy. 

This list of TM capabi lities does not include the innovation capabi li ty for two main 
reasons (Cetindamar et al.. 2009). First, the innovation capabil ity is the abili ty to mould 
and manage multiple capabi lities (Wang and Ahmed, 2007). The set of TM capabi lities is a 
subset of capabili ties that are integrated within the innovation system. Depending on inno
vation type, the required technological knowledge set and the way they interact with each 
other will differ as well (Tddtling et al.. 2008). Second, each of the TM capabilities involves 
an innovative element in itself. For example. the acquisition capabili ty is to a large degree 
a major innovative activity, deal ing with product, service, process and organizational 
innovations in a company. 

As a final note, the level ofTM activities will change over the life cycle of a firm for many 
reasons, such as product diversification or com plexities in tech nologies. For example, 
Bell's (2003) study shows that organ izations pass from the point of 'acquiring and assimi
lating imported technologies' to reach a stage where the organization is 'generating core 
advances at international frontiers'. Depending on the capabili ty requirements, fi rms will 
naturally adapt their activities to meet the requirements. In addition, depending on where 
a firm operates (with in an advanced or developing economy), the technological capa
bilities of fi rms and their degree of development will vary considerably, as shown by the 
mobile phone producers operating in China (Jin and Zedtwitz, 2008). 

Nonlinearity of TM activities 

In the TM activities model proposed here, TM activities correspondi ng to each technologi
ca l capability are represented as individual processes like pieces of a jigsaw puzzle, as shown 
in Figure 1.2. The analogy of a jigsaw puzzle aims to avoid enforcing a hierarchy of processes. 
It also avoids a perception that 'one model fits all', as if all TM activities must exist in an 
organ ization. It is likely that some compan ies will focus on particular activities at anyone 
time, and that the set might change over the course of time, depending on the needs and 
circumstances of the company. Another advantage of the jigsaw puzzle representation is 
its emphasis on showing TM as an art, where technology managers need to identify which 
processes are required and find ways of making them work properly together. 

The links between TM activities might not necessari ly fo llow a linear relationsh ip. 
Naturally, there will be process flows among them but it is not possible to general ize the 
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input-output relationships in a deterministic way. Any process might be the starting point 
that triggers a number of TM activit ies to take place. For example, in contrast to the tra
ditional product development approach, where the starti ng point for concept creation is 
the improvement o f functional benefits, it is possible to develop research, products and 
invention ideas from the patent strategy, regardless of whether or not there are functional 
benefits (Nissi ng, 2007). 
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The flexibility of the jigsaw puzzle concept indi cates that each organization will have 
specific elements that show their own individual picture. If the organization is a large 
company with considerable R&D activity, the story/completed picture might include all 
elements in the TM activities model. However, if the organization has no R&D and the 
innovation is incremental, the corresponding activities will be different. 

The recent criticisms of many innovation models focus on two critical concerns (Hobday, 
2005): their static nature and their deterministic approach. The nonlinear feature of inno
vation activities has been highlighted. The TM activities model avoids these two criticisms 
at least for TM. In add it ion, the new model helps to draw the boundaries between different 
disciplines and TM activities by proposing two categories: primary/core and supporting 
activities, as shown in Figure 1.2. 

Activities supporting TM 

Drawing a basic framework fo r describing the core TM activities is useful for understanding 
the relationship between TM and other management activities, particularly project, knowl
edge and innovation management, as shown in Figure 1.2: 

1 Project management refers to managerial activities associated with all types of proj
ects such as product development. Each TM activity can be considered as a project, 
necessitating knowledge and skill to manage it. 

2 KM is a widely used term for managing the knowledge accumulated in a company, 
including non-technology-based knowledge. Knowledge constitutes not only cognition or 
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recognition (know-what), but also the capacity co act (know-how) as well as understand
ing (know-why) that resides within the mind (Desouza, 2005). Therefore, a ll TM processes 
are involved with knowledge at some level and they necessitate adopting KM practices. 

3 Innovation management is involved with various innovations being financial, orga
nizational and technological, so it naturally shares common ground with TM but it is 
a broader management exercise, covering the management of all sorts of innovations. 

Supporting activities will vary from case to case depending on the company size, objec
tives and technology characteristics. For example, an SME with a few small product 
development projects will have different project management needs from a multinational 
company with multiple projects. The latter will have more structured and formal project 
management exercises embedded in its processes used co manage technology. 

1.5 TM tools 

Once the general outlook of the TM field is sketched by presenting a generic set of TM 
activi ties, the next task is co identify the generic tools used in carrying out these activities. 
This will not on ly improve t he understanding of TM in academic terms but also as a profes
sion. TM needs to offer some practical guidelines to apply and reinforce TM concepts 
within t he business so that managers can incorporate TM into their daily routines. 

Brady et al.'s study (1997) clearly highlights the difficulty of precisely defining what a tool 
is, considering a variety of terms used interchangeably, such as 'tools: 'techniques', 'proce
dures', 'processes: 'models', 'maps' and 'frameworks '. This book adopts the definition used 
in Phaal et al.'s study (2006): 

[In] the broadest sense, too ls include devices for supporting both action/practical appli
cation and frameworks for conceptual understanding. 

The confusion is not on ly in definition but also in deciding on the list of TM tools. Most 
studies end up with such broad categories of tools that it is hard to consider the actual 
applications. The TM handbooks (Gaynor, 1996; Dorf, 1999) do not make life easier either. 
There is no clear description and discussion on the methodologies, tools and techniques 
publ ished in these handbooks and no effort is made to link TM activities to the tools to be 
used to carry out these activities. 

The only comprehensive coverage of TM too ls was carried out by a European 
Commissio n (EC) project published in 1998. As the outcome of this project, Temaguide 
(Cotec, 1998) had the expl icit goal of explaining different TM tools, and grouped them 
under six headings on the basis of their functions in a company: 

1 Tools for externa l information analysis, such as technology forecast and benchmark-
. 
mg. 

2 Tools for internal information analysis, such as skills and innovation audit. 
3 Tools to calculate workload and resources needed in projects, such as project manage-

ment and portfolio management. 
4 Tools to manage working together, such as interface management and networking. 
S Idea creation and problem-solving techniques, such as creativity and value analysis. 
6 Tools related to improving efficiency and flexibility, such as lean thinking and conti nu

ous improvement. 
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