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New sensor and actuator concepts based on microelectromechanical systems (MEMS) and
nanoelectromechanical systems (NEMS) are increasingly being developed from lab status
toward commercialization. The associated technology development for the provision of
improved functionalities and cost reduction often requires highly interdisciplinary devel-
opment teams where scientists and engineers from different disciplines closely work
together. Managing these teams is a key challenge for MEMS/NEMS organizations. This
research examined eight technology developments in MEMS/NEMS in international com-
panies. Based on in-depth interviews with innovators, we explored the managerial aspects of
development teams. We identified and discuss (1) leadership, (2) market, (3) team structure
and culture, (4) innovation motivation, (5) innovation driver, (6) experience and know-how,
and (7) product vision and innovation strategy as key influences on teams in the early
development phases of MEMS/NEMS. Our study reveals that integrative and manufactur-
ing know-how and capabilities are the most critical capacities to be developed by the team
from the idea to the concept phase. The team’s lived experience during long development
times from 5 to 10 years or more may allow a fast response to changes from market and
technology (e.g. materials and nanotechnology). The results indicate that the process of how
know-how and capabilities are created by the team is more important than the mere
existence of specific expertise.

1. Introduction

Technology development teams in microelec-
tromechanical systems/nanoelectromechanical

systems (MEMS/NEMS) companies work on new
concepts to reduce costs through miniaturization and

a decrease of material consumption (Vigna, 2009;
Burger and Staake, 2010). A positive side effect is
that more functionality and higher performance can
be integrated on the same or smaller footprint
(Hierold, 2004; Fujita, 2007; Petersen, 2010; Polla,
2010). However, the capital-intensive nature of
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technology developments based on materials and
nanotechnology require technological and manage-
rial innovation for successful commercialization
(Eijkel et al., 2006; Maeda et al., 2007; Maine, 2008;
Newbert et al., 2008; Avila-Robinson and Miyazaki,
2011; Walsh and Linton, 2011).

This study is embedded into the frame of activities
of a microtechnology and nanotechnology compe-
tence center fostering collaboration and technology
transfer between academia and industry. The investi-
gation focuses on innovators’ experience from
MEMS/NEMS companies, discussing major positive
and negative influences on technology development
teams in the early phases of the innovation process.
For the development of complex product or process
concepts such as in MEMS/NEMS, teams with cross-
functional members from a variety of functions are
used to enhance developments (Walsh et al., 1996;
Barczak and Wilemon, 2003; Gebert et al., 2006;
Hage et al., 2008; Maine, 2008; Newbert et al.,
2008). The technology itself is of a highly interdis-
ciplinary character, requiring expertise from different
basic and engineering sciences at once (Walsh, 2002;
Polla, 2010).

Projects with developments of fundamental new
products and technologies are long, costly, and also
bear its risks of failure (Abernathy and Clark, 1985;
Utterback, 1994; Christensen, 1997; Spencer et al.,
2008). However, technology projects are growth
engines providing platforms for the next generation
of products and processes (Cooper, 2006). Even
though the roots of MEMS processes can be found
in mainstream silicon process technologies, stand-
ardized manufacturing methods have only a limited
applicability. Only a few standards in manufactur-
ing are available, and most products need special-
ized process technologies (Tadigadapa and Najafi,
2003; Merz et al., 2009; Tierney and Walsh, 2009).
Thus, expectations on development teams go far
beyond developing innovative new technology con-
cepts. MEMS/NEMS project teams are intended to
provide unique knowledge and capabilities to the
company that will provide long-term sustainable
competitiveness (Coates and McDermott, 2002;
McDermott and O’Connor, 2002; Newbert et al.,
2008).

In many studies of development teams, success is
investigated as a performance-related function of
individual factors after project termination such as
e.g. meeting defined schedules, and commercial and
customer objectives (Cooper et al., 2004b). However,
especially for long-lasting and complex projects, it
can be of importance to investigate more on factors
from the initial to the maturing project phases as
success and failure is often decided before the new

product development (NPD) phase (Cooper, 1988).
Examples would be the optimal initial team compo-
sition, team motivation over long time periods,
or management support of complex innovations.
Usually the innovator himself accompanies or leads
the team from the original idea to the final concept
and experiences the complete project period (Burger
and Staake, 2010). With the innovator being aware of
the project context, tendencies could be detected and
turning points toward project success or failure,
caused either by positive or negative influences on
development teams, could be identified.

1.1. MEMS and NEMS development
environment

The fields of microsystems, or MEMS, and nanosys-
tems, or NEMS, are highly interdisciplinary, relying
heavily on experimental activities from selection of
materials, process validation, and design develop-
ment to device characterization (Crone, 2008). Some
prominent commercial examples of MEMS are
Texas Instruments’ Digital Mirror Device (DMD)
(Douglass, 2003), Bosch’s gyroscope for the
Mercedes-Benz A-class adopted Elektronisches Sta-
bilitätsprogramm (ESP) as standard equipment
(Classen et al., 2007), or Infineon’s pressure sensor
(Scheiter et al., 1997). Examples of NEMS are
IBM’s ‘Millipede’ (Vettiger et al., 2002), Samsung’s
field emission display based on carbon nanotubes
(CNTs) (Lee et al., 2000), or cantilever-based sensors
in scanning probe microscopies (Li et al., 2007). For
MEMS/NEMS the business and technical challenges
are different from the classic semiconductor prob-
lems with longer design cycles, high cost per func-
tion, and slower time to market (Martin, 2010).

MEMS/NEMS provide an interface between com-
putational reality and the surrounding environment
by transforming physical quantities or perturbations
through sensors and actuators (Ekinci and Roukes,
2005), through the use of electronic and nonelec-
tronic elements on the microscale or nanoscale
(Hierold, 2004). MEMS-based sensors are getting
smaller with more functionality and are becoming
smarter (Gornev, 2009). The application fields are
diverse and vast. Typical application fields are the
automotive industry, communication sector, con-
sumer industry, health care, security, and environ-
mental monitoring (Grace, 2000; Hierold et al.,
2007; Crone, 2008). Diversity causes difficulties in
creating coherent manufacturing processes, espe-
cially in the case of packaging, which often inhibits
commercialization (Tadigadapa and Najafi, 2003;
Tierney and Walsh, 2009; Martin, 2010). While
MEMS technologies matured in the last 20 years,
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there still exist fundamental and technological chal-
lenges in NEMS, especially in developing reproduc-
ible techniques allowing mass production of such
complex devices (Ekinci and Roukes, 2005). Moreo-
ver, technology maturity in MEMS technology
resulted in a market adaptation from the former case
of technology push toward that of market pull (Doug-
lass, 2003; Vigna, 2005; Mounier and Eloy, 2007),
requiring faster development cycles (e.g. Apple’s
iPhone and Nintendo’s Wii console). Table 1
provides an overview of the MEMS/NEMS
environment.

1.2. Aim of this article

This paper attempts to highlight managerial aspects
on technology development teams in the early devel-
opment phases of MEMS/NEMS innovations.

According to Cooper (1997), the early phases span
the time frame between the idea stage and develop-
ment stage, and refer to ‘predevelopment’ (Cooper
and Kleinschmidt, 1993) or ‘fuzzy frontend’
(Khurana and Rosenthal, 1997) activities (see
Figure 1). The study contributes to the sparse litera-
ture in the field of technology development projects
and teams.

While most studies investigate research and devel-
opment (R&D) or innovation teams over all organi-
zational branches, we attempt to develop a more
practical and applied understanding of a specific
organizational branch. The objective is to provide
insights and to identify those factors that have major
influences on the success of teams in MEMS/NEMS
technology developments. In particular, the investi-
gation focuses on innovators’ experience on interdis-
ciplinary and cross-functional teams (see Figure 2).
Numerous studies focus on the identification of
directly measurable single factors, e.g. setting of
targets and milestones, market assessment and defi-
nition, salary increases and bonuses, etc. (Cooper and
Kleinschmidt, 1987b; Ernst, 2002; Sun and Wing,
2005). However, the objective of this investigation is
not to identify individual factors, which are directly
related to the highest performance of development
teams. There is a lack of studies that describe the
more nonmeasurable and interrelated factors like
personal linkage between leadership, know-how and
experience, innovation drivers’ characteristics, and
market orientation in a long-term perspective. These
aspects are the driving force for our investigation and
qualitative research approach. Through a better
understanding of these factors, innovation managers
in MEMS/NEMS are better prepared to enhance
organizational processes and the team environment
for future MEMS/NEMS innovations.

2. Background and past research

NPD teams and interpersonal issues in organizations
are depicted in a long and multifaceted history of
studies. Several studies identified the following
factors to be of importance for cross-functional
development teams: leadership (McDonough, 2000;
Stoker et al., 2001; Elkins and Keller, 2003), market
and market entry (Cooper and Kleinschmidt, 1994;
Brown and Eisenhardt, 1995; Hauser et al., 2006),
team structure and culture (Cooper and Klein-
schmidt, 1994; Cormican and O’Sullivan, 2004),
innovation motivation (Galbraith, 1982; Amabile,
1997), innovation driver (Rothwell et al., 1974;
Vojak et al., 2006), and vision and strategy (Zien and
Buckler, 1997; Pearce and Ensley, 2004; Cooper

Table 1. Characteristics of microelectromechanical
systems/nanoelectromechanical systems(MEMS/NEMS)
development environment

Field Characteristics

Technology Cross-sectional technology and
combination of material, engineering,
and natural sciences.

New functionalities require know-how and
capabilities from function integration to
production and measuring/testing level
(Muller, 2000; Tadigadapa and Najafi,
2003).

Only a few standards in manufacturing
(Martin, 2010); no technology
roadmapping for MEMS/NEMS
(Kanama and Kondo, 2007) as for
semiconductors, e.g. International
Technology Roadmap for
Semiconductors (Arden, 2002).

Long development times >5–15 years or
more, e.g. Texas Instrument’s DMDTM

(Douglass, 2003).

Market Broad application fields and
difficult-to-predict market development
(Tadigadapa and Najafi, 2003; Petersen,
2010).

MEMS devices are well established;
miniaturization (NEMS) is considered
to bring about new functionalities
and/or cost reductions (Hierold et al.,
2007).

Organization Long-term aspects have significant
influence on firm’s investments and
product strategies (Maeda et al., 2007;
Tierney and Walsh, 2009).

Lack of know-how, experts, and
infrastructure due to vast opportunities
from development in material science
and nanotechnology (Bhushan, 2010).
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et al., 2004a). Only a few studies of technology
development teams examined the creation of inter-
disciplinary know-how and experience, which were
often cited by our interview partners. We will explore
this issue additionally in our study. Figure 2 provides
an overview of the studied influencing factors on
technology development teams.

2.1. Leadership in development
project teams

Even though the leadership’s core task is clear strat-
egy definition and communication (Porter, 1996),
leadership has to shape and guide the project teams’
tasks. Barczak and Wilemon (2003) point out that
the team leaders’ tasks are communication, climate
setting, planning, and interfacing. Roberts and Fus-
field (1981) found that leadership behavior plays a
critical role in idea generation, entrepreneurship, or
championing. In that case, the major purposes of
leadership are the attainment of resources, selling
ideas, project leading, and gatekeeping through infor-
mation dissemination and personnel coordination,
including sponsoring or coaching.

Technology in its early phases of development is
often complex and fuzzy. Several studies indicate
that transformational leadership with an inspirational
vision and stimulation is a positive influence (Harris
and Lambert, 1998; Elkins and Keller, 2003; Keller,
2006; Dayan et al., 2009). Looking at individual
team members, Gemmill and Wilemon (1994) found
that leadership has to carefully diagnose the personal
attitude of members and their fears toward the devel-
opment project. However, fears often arise through
differences of perception, lack of communication,
and an overly hierarchical leadership style. Norrgren
and Schaller (1999) observed that the leadership style
is important for the employee’s climate perception
and learning possibilities in cross-functional teams.

It is widely agreed that strategic leadership of
technological innovations, where top management
has demonstrated commitment from the idea stage
to product launch, will have a high level of success
(Cooper and Kleinschmidt, 1987a; Green, 1995;
McDonough, 2000). Harris and Lambert (1998)
studied the senior management’s role in teams and
found that the company’s key practices and charac-
teristics like clarifying responsibilities, team-to-team
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Figure 1. Early phases of innovation process (adapted from Khurana and Rosenthal, 1997).
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coordination, conflict resolution, organization of
information flow, and access to resources are of
importance for success.

With respect to the high uncertainty of technology
projects (Cooper, 2006), our research attempts to
illustrate what leadership characteristics and meas-
ures are necessary for complex and long-lasting tech-
nology development projects with a heterogeneous
team composition.

2.2. Market know-how, market entry

It is widely agreed that the understanding of the cus-
tomer’s needs, his satisfaction, and internal and
external communication and customer contact is
related to the success of new products (Calantone
and Cooper, 1981; Cooper and Kleinschmidt, 1993;
Ragatz et al., 1997; Cooper, 1999; Hauser, 2001).
However, little research has examined the team’s role
when the market is highly uncertain and market entry
is far in the future.

For ‘really new’ product visions, Veryzer (1998)
observed that a good sense of the technology and a
general sense for the product application of the tech-
nology is required. Zirger and Maidique (1990)
found that the competence of a company’s market-
ing, its competitiveness, and the growth rate of the
market has a positive influence on product success.
Cooper and Kleinschmidt (1987a) demonstrated that
products entering large and growing markets were
more likely to be successful. Brown and Eisenhardt
(1995) suggest that well-defined target markets have
a significant influence on success.

MEMS/NEMS commercialization is delicate
because of long development cycles as underlying
basic science is not available or not yet well under-
stood (Senturia, 2003; Fujita, 2007). Thus, the right
time to market is a very critical point, as rival tech-
nologies will also be commercialized. The market
entry is often far in the future, and the entry itself is
very often a strategic action (Hauser et al., 2006).
Our research seeks to explore reasons why market
orientation for MEMS/NEMS is a highly anticipa-
tory process.

2.3. Team skills, composition, structure,
and culture

Many studies indicate that development teams with
a certain skill mix are likely to be more successful
(Cooper and Kleinschmidt, 1987a; Lewis, 2001;
Rivas and Gobeli, 2005; Edmondson and Nembhard,
2009). Other studies examined interpersonal net-
works and communication skills, and their role in
transforming personal knowledge to shared knowl-

edge and communication within the business unit or
corporate and external networks (Kogut and Zander,
1992; Moenaert and Caeldries, 1992; Nobel and Bir-
kinshaw, 1998). Apart from technical competencies,
team members’ skills in fostering interpersonal cli-
mates, communication, and team process learning
(Moenaert and Caeldries, 1992; Edmondson, 1999;
Edmondson, 2003; Vojak et al., 2006) are of impor-
tance in developing visionary concepts (Vojak et al.,
2006).

To solve such complex problems as those found in
MEMS/NEMS, research suggests cross-functional
teams to be crucial (Cooper and Kleinschmidt, 1994;
Griffin, 1997; Ragatz et al., 1997; McDonough,
2000). Cross-functional teams consist of different
functional areas of the company, providing the oppor-
tunity for a timely integration of critical information
such as increased access to new knowledge and infor-
mation, high-quality learning experiences, and facili-
tated interdepartmental product transfer (Edmondson
and Nembhard, 2009). Little research has examined
teams of technology development projects where the
technology’s solution approach is difficult to separate
into the classical scientific disciplines (Beneke,
2004). Nanotechnology as a cross-sectional technol-
ogy and basis for NEMS shows a high degree of
different disciplines to be integrated for problem
solving (Porter and Youtie, 2009). Hence, MEMS/
NEMS team structure is critical and has an influence
on solution competencies of the team, but also on the
product’s success in the long run.

MEMS/NEMS technology development teams
often need several years to understand technical
interactions (Douglass, 2003; Dudley et al., 2003).
Such time frames require an organizational and team
culture to anchor the development in the organiza-
tion. Cormican and O’Sullivan (2004) suggest that
organizational culture can be described in terms of
values, norms, and beliefs when members are sharing
ideas, take risks, and initiate change. Other research
suggests that the creation of a helpful culture within
the team is of advantage, where members freely dis-
tribute and share information and practices (Rivas
and Gobeli, 2005). Ahmed (1998) concludes that the
most innovative companies of the future will be those
that have created appropriate cultures that nurture
and acknowledge innovation at every level. Thus,
managerial practices should lead to an open and par-
ticipative culture where employees have strategic and
operational autonomy to attack problems by provid-
ing personalized recognition, focusing on group
cohesiveness, and maintaining continuous slack
resources (Judge et al., 1997).

Our research seeks to reduce the dearth of studies
of teams in long-term technology projects. We do this
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especially by asking why technology development
team members’ competences and personal character-
istics have to be carefully selected and adapted to the
complexity of MEMS/NEMS.

2.4. Innovation motivation
(organizational, personal)

The company’s greatest innovation motivation is to
save time and money (Rivas and Gobeli, 2005),
gaining future competitive advantages (Mabert et al.,
1992; Mudambi et al., 2007) and defending them
against market entries of competition (Hauser et al.,
2006). From the technology side, this is primarily
done through miniaturization and high-volume prod-
ucts (Tierney and Walsh, 2009; Vigna, 2009; Martin,
2010). However, from the organizational side,
Sherman and Smith (1984) observed that the organi-
zation’s structure undermines intrinsic motivation
with a negative influence on employees’ autonomy
and freedom, caused by greater controls, formaliza-
tion, and centralization. On the contrary, the key
processes for innovation itself should be structured
(Galbraith, 1982; Cooper, 1999).

Amabile (1997) reviewed the work environment
for creativity and concluded that intrinsic motivation
is maximized through an interesting, involving,
exciting, satisfying, or personally challenging and
enjoying environment, but also negatively influenced
through envy, vengeance, and altruism (Osterloh and
Frey, 2000). Extrinsic factors, like financial rewards,
allocation of resources, feedback, and information
can foster intrinsic motivation. However, extrinsic
motivation has a negative influence when this is per-
ceived as criticism, control or an excess of formal
structures or procedures (Amabile, 1997). For Oster-
loh and Frey (2000), intrinsic motivation is important
for the transfer of tacit knowledge between teams as
a competitive advantage, even though the transfer
itself cannot be directly observed. Steiner (1995)
found that the breakout from the structured thinking
of traditional methods and the combination of novel
interpretations that move their projects in new direc-
tions have a positive influence on team motivation.
However, Lewis (2001) suggests to study the indi-
vidual motivation carefully because of possible repu-
tation and career prospects. As intrinsic motivation is
more difficult to handle, organizations traditionally
prefer a reward policy with ‘carrots and sticks’
(Argyris, 1998). It is widely agreed that awarding
teams and individuals through personal and
company-wide communicated awards is stimulative
(Zien and Buckler, 1997) and has a positive influence
on personal motivation. However, Griffin (1997)
found in his study that best-practice companies do

not use financial rewards. They used more team-
related social activities like project-completion
dinners, newsletter recognition, and plaques and pins
as motivation.

We would like to show in our research that for
MEMS/NEMS, the team’s motivation requires a
special focus to bridge the long period from idea to
first technology concept.

2.5. Innovation driver

The innovation driver as a project leader or product
champion has obviously an important role in tech-
nology development teams with a huge variety of
required personal and professional skills (Brown and
Eisenhardt, 1995). Literature proposes several types
of human drivers in innovation teams: team leader
(Barczak and Wilemon, 1992), project leader (Brown
and Eisenhardt, 1995; Ernst, 2002), and product
champion (Rothwell et al., 1974; Veryzer Jr, 1998;
Howell and Shea, 2006). While team leaders and
project leaders have more or direct access to the
development team, resources, and budget, champions
are decisive contributors or enthusiastic promoters of
innovations. Ernst (2002) points out that it is not
always clear whether the product champion is a dif-
ferent person from the project or team leader, and
whether the promoting activities come from the
official designated project leader or from other
people in the organization. However, she or he must
have the necessary qualifications, sufficient profes-
sional expertise, an inordinate interest, and to be
able to devote her/himself sufficiently to the project
(Chakrabarti, 1974; Howell and Higgins, 1990;
McDonough, 2000). Edmondson (1999) and Pirola-
Merlo et al. (2002) found that drivers have a direct or
indirect influence on success through the creation of
a team climate with interpersonal trust and mutual
respect. Brown and Eisenhardt (1995) observed that
drivers have the cognitive ability to combine a variety
of factors (e.g. technical and marketing skills, and
customers preferences) to a holistic view – a vision –
and communicate it to others. Vojak et al. (2006)
focused in his research on visionary leaders and
suggest that a visionary leader is more than someone
with technical and market know-how. He found that
the personality with characteristics like persuasive-
ness, energy and enthusiasm, high self-esteem and
self-assurance, but not arrogance, and passionate
engagement for their projects supports success. Addi-
tionally, McDonough (2000) sees drivers as enablers
who can act within different hierarchical levels of the
organization and can facilitate the team’s efforts.

Our research attempts to illustrate more thor-
oughly the personal characteristics and the origin
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from which technical directions innovation drivers in
MEMS/NEMS come from, as little research is done
in this direction.

2.6. Know-how and experience
(integrating expertise)

The technology development team’s combined
know-how and experience has to cover a broad field
of technological and business expertise. It is there-
fore crucial for companies to bring as much product,
process, and technical expertise as possible into the
early phases of the development process (Ragatz
et al., 1997). From a technological standpoint,
MEMS/NEMS integrate functions on a microscale or
nanoscale, which requires technology competences
from different scientific disciplines and collaboration
(Schummer, 2004; Porter and Youtie, 2009). Thus,
MEMS/NEMS are not an engineering direction (Sen-
turia, 2003); it is rather a collection of technological
capabilities that impact many disciplines from pack-
aging and manufacturing (Tadigadapa and Najafi,
2003; Cordero et al., 2009), which should be covered
by the technology development team.

Long development times of MEMS/NEMS tech-
nologies (Douglass, 2003; Senturia, 2003; Gornev,
2009) entail an interdepartmental anchorage of the
project to accelerate progress. Expertise is required
from several areas like engineering, production, mar-
keting, and finance (Zirger and Maidique, 1990;
Kogut and Zander, 1992; Denison et al., 1996;
Griffin and Hauser, 1996; Song and Parry, 1997).
Cummings (2004) found that team members actively
engaged in external knowledge sharing increases
success through unique external sources. For large
international corporations, Nobel and Birkinshaw
(1998) suggest strong internal- and external-oriented
networks of relationships for knowledge exchange.
Kash and Rycroft (2003) observed in the case of
complex innovations due to great diversity and
explosion of knowledge (e.g. Bosch’s injection tech-
nology) organizational innovation networks as
knowledge resources. However, the knowledge of
individuals and ability to navigate the business world
as an integrative factor is perceived as more impor-
tant for success than most of the technical skills
(Vojak et al., 2006).

In sum, integrating functions with MEMS/NEMS
technologies for new products involves expertise
from different technological and business fields. In
this sense, our research seeks to explore the positive
and misleading effects of expertise in MEMS/NEMS
and how companies deal with the knowledge explo-
sion and opportunities coming from nanotechnology.

2.7. Product vision and innovation
strategy

Aproduct vision should be a problem-solving, holistic
view about business, project, technology, and product
(Brown and Eisenhardt, 1995) from the idea to the
customers (Zien and Buckler, 1997). Specific to
product development, Brown and Eisenhardt (1995)
suggest that the vision means combining the firms’
competences (e.g. particular technical, particular mar-
keting, or other skills) and strategies with the needs of
the market to create an effective product concept. The
team’s major task is to work out such a concept. In this
sense, Pearce and Ensley (2004) suggests that a vision
has to be a shared purpose within teams. The vision
plays a central role in the innovation process as it is a
strong predictor for the team’s altruistic and courtesy
behavior, and it eliminates confusion. Hence, for the
team’s success the vision of the product functions, its
purpose, and its target groups should be clear to all
team members (Clark and Fujimoto, 1991).

The innovation strategy should define the objec-
tives and targets of the product innovation effort in
relation to the organization’s overall business strat-
egy (Bacon et al., 1994; Griffin, 1997; Cooper et al.,
2004a). This includes markets, niche markets, and
necessary structures for implementation (Cormican
and O’Sullivan, 2004). Moreover, a long-term com-
mitment to innovation (Cooper et al., 2004a) and a
clear allocation of resources to gain sustainable com-
petitive advantages is of importance (Shum and Lin,
2005). To realize innovation projects, Wheelwright
and Clark (1994) suggest that the development team
should have a deep customer understanding with
clear and realistic project targets. Additionally,
Khurana and Rosenthal (1998) suggest linking these
targets with the overall development portfolio, while
Cooper and Kleinschmidt (1996) assert that project
targets have to fit the product strategy. However, for
radical new products, the product strategy may also
differ from the organization’s strategy when the tech-
nical direction diverges through new technologies
(Rice et al., 2001).

For MEMS/NEMS, market and technology is
rather unpredictable. Our research attempts to show
the function of the vision on technology development
teams and effects of a wrong or missing vision in
long-term projects.

3. Research frame

3.1. Focus

This investigation focuses on MEMS/NEMS tech-
nology development teams in the early development
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phases. The study differs from precedent researches
on development teams and NPD as it brings the long-
term experience of innovators in MEMS/NEMS and
nanotechnology into focus. These people were a
decisive force for initial ideas to be realized. Through
their central function in innovation projects, they got
the awareness of different levels and functions within
their organization, had cross-links to middle and
upper management, and had direct access to the
development team. A further difference is the type of
projects. The study concentrates on the development
of new technologies. Often, the resulting technology
is a platform for further products, processes, and
technologies. The investigation focuses on a specific
branch (see Table 1) where development teams
sometimes have to work for years on a single specific
technological problem. During this time, team
members, technology, and market may change radi-
cally. Hence, innovators provide an accumulated and
profound knowledge basis over the complete innova-
tion cycle (see Figure 1).

Many studies of development teams analyze a spe-
cific team issue or focus on a specific project char-
acteristic (Moenaert and Caeldries, 1992; O’Conner,
1998; Stoker et al., 2001; Pirola-Merlo et al., 2002;
Camelo-Ordaz et al., 2008; Dayan et al., 2009),
whereas our approach is to consider the experience of
innovators from first ideas to a technology concept,
covering several influencing aspects on development
teams during this time. This approach is reflected in
the open-ended questions, where innovators may
recall all their experiences and identify the most
likely factors that influence teams.

A research approach with an exploratory character
allows us to access the innovators’ knowledge basis,
gaining important insights and attitudes into the
factors that influence development teams most in the
early development phases. By understanding these
phenomena, we will be able to enhance our knowl-
edge in analyzing actual implemented teams and to
know better how to implement and manage develop-
ment teams in MEMS/NEMS companies. The study
will also help to understand the interactions between
internal and external interfaces of the development
teams, and issues influencing success.

3.2. Origin and question

This study on technology development teams was
encouraged by the fact that technologies like MEMS/
NEMS and nanotechnology are critical to economic
growth (Linton and Walsh, 2004; Spencer et al.,
2008). MEMS/NEMS technologies require lateral-
thinking engineers with a breadth of skills and
knowledge in different technologies (Vigna, 2003;

Newbert et al., 2008). From the technology side,
MEMS/NEMS and nanotechnology are of dis-
ruptive nature (Walsh, 2004; Avila-Robinson and
Miyazaki, 2011), which provide a further step
toward miniaturization for cost reduction by new
microstructures/nanostructures and increased func-
tionality. Especially mechanical sensors based on
CNT are an important driver for miniaturization
(Hierold et al., 2007). Because manufacturing capa-
bilities increased, technology moves from technol-
ogy push to market pull (Vigna, 2005).

Time is an additional critical factor in commer-
cialization as MEMS/NEMS technologies need up to
15 years or more to be established. A prominent
example is Texas Instruments’ DMD (Douglass,
2003). For such time frames, personnel constants are
needed in technology development teams. Therefore,
success seems to be personalized, whereat a small
team or one person is the driver of innovation during
such long time frames [e.g. DMD: Larry Hornbeck
(Hornbeck, 1999), Bosch Process: Franz Lärmer and
Andrea Urban (Laermer and Urban, 2005)].

By the examination of both positive and negative
influences on development teams, we want to get a
complete picture of the influences and to identify
drivers and barriers. ‘Positive’ and ‘negative’ influ-
ences are meant in the sense of the innovator’s per-
sonal assessment (Podsakoff and Schriescheim,
1985). The purpose of this subjective assessment was
to identify phenomena and to experience what fosters
and/or inhibits the technology development team’s
success. All interviewees had long job tenure and
experiences in several innovation projects and teams.
Therefore, the differentiation between positive and
negative influences on development teams or projects
was well developed by the interviewees.

The earlier mentioned aspects result in the guiding
question of this investigation: How can technology
development teams be managed more efficiently and
effectively in the early phases of MEMS/NEMS
innovations?

3.3. Specific questions

The specific questions asked to the innovators were:

1. Which kind of leadership has positive and nega-
tive influence on the team in the early phases?

2. What are the characteristics of MEMS/NEMS
markets, and how can uncertainty be reduced?

3. Which team structure promises to be effective for
technology developments in microsystems and
nanosystems?

4. What is the driving force for MEMS/NEMS
developments in the team and company?
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5. What are the major characteristics of an innova-
tion driver to lead a development team to a suc-
cessful concept?

6. Which experience and knowledge of team
members are of importance for the early phases of
microsystems and nanosystems?

7. What are the main characteristics of a product
vision that fosters technological innovations in
MEMS/NEMS?

4. Methods and data

4.1. Research design and method

The study uses a qualitative research approach by
case studies based on interviews as a primary source
of data. This allows interviewees to focus in-depth on
significant fields and offers insights that quantitative
data cannot easily reveal (Eisenhardt and Graebner,
2007). Following previous research specifications,
the method allows us to identify the essence of the
interviewees’ experiences concerning a phenomenon
(Creswell, 2003a). In our case, the experience refers
to major influences on the management of teams of a
technology development project over several years.
Patton (2002) argues that a phenomenon of interest is
lived experience that has to be carefully described
how people perceive it, feel it, judge it, remember it,
make sense of it, and talk about it with others. We
consider this requirement by providing narrative
quotes from interviewees.

The questions asked to the innovators were based
on previous literature research on interdisciplinary
and cross-functional development teams, on MEMS/
NEMS technologies, and on nanotechnology. Addi-
tionally, we also took discussions, the innovators’
product and company presentation into considera-
tion, where they pointed out particular project and
team issues. Based on the identified issues, we gen-
erated a short questionnaire covering the major topics
with the intention of a theoretical lens. The purpose
of the short questionnaire was to narrow the field by
the interviewee her/himself identifying the most
important issues to be studied. Additionally, missing
categories were supplemented, and finally the types
of questions to be asked were shaped.

To investigate on and test the identified issues,
we used the qualitative interview methodology.
Qualitative data from questionnaires and interviews
with the ‘why’ of what is happening are useful to
understand the rationale or theory underlying rela-
tionships. Particularly, data from qualitative inter-
views may be used to ground an emergent theory
outside of well established constructs. (Eisenhardt,

1989; Yin, 2009). Succeeding to the short question-
naire, semistructured in-depth interviews (Fowler Jr,
2009) involving multiple researchers have shown
great benefit to see and examine the innovators’
understanding of the studied issues (investigator tri-
angulation) (Yin, 2009). Moreover, the interviewees
were able to present their perspectives enriched by
their long experience in technology developments in
this field. The interviews allowed us to identify spe-
cific characteristics for MEMS/NEMS technology
development teams by cross-analysis with data from
previous discussions and literature research (data tri-
angulation) (Yin, 2009).

Similar research methods with specific question-
naires and in-depth interviews were developed and
tested by previous investigations in the field of
product innovation and R&D management (Karlsson
and Ahlstrom, 1992; Denison et al., 1996; Farley and
Rouse, 2000; Barczak and Wilemon, 2003; Tham-
hain, 2003; Lee and Kelley, 2008; Enkel and Gas-
smann, 2010).

4.2. The sample

We conducted in-depth interviews with nine innova-
tors or R&D managers from seven different multina-
tional companies and one network organization in the
field of MEMS/NEMS. As technology developments
are rare, the companies and cases were intentionally,
not randomly, selected. They were identified in the
course of scientific exchange about microsytems and
nanosystems innovations and research collaborations.
The companies are well established and cover broad
industry sectors with a wide field of applications.
Because of long development times in MEMS/NEMS
over several years (Douglass, 2003; Polla, 2010), the
focus was chosen on innovators as respondents to
cover a maximum time span of experience. The inno-
vator’s experience lasts from idea generation to a
technology concept for a go or no-go decision by the
top management and in most studied cases until a
successful market introduction (see Figure 1).

Particular firms were chosen because of their long
technology tradition and long experience in this
field. In addition, their international leading position
and successful innovations in MEMS/NEMS, and of
course of their willingness to participate in this
study, were criteria for selection. We focused on
technology development projects that are fundamen-
tal for future products and processes, and where
management decided to go ahead with further devel-
opment or with mass production. The majority of
these products or processes are already on the
market or a respective market launch is foreseen in
a few years. The average length of a technology
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development project from idea to concept was 5–10
years where the decision was made to continue
development. Further details to studied companies
and cases can be found in Table 2.

4.3. Interviews

The interviews were designed to get specific insights
into technology development processes, team consti-
tutions, team dynamics, its interdisciplinary charac-
teristics, and the cross-functional integration of
teams in MEMS/NEMS organizations. Most of the
projects referred to in the interviews were of retro-
spective character, while some projects were just
before market launch. Confidentiality was granted to
interview participants and participating organiza-
tions. The purpose of the narrative quotes is to anchor
insights in a broader context. To meet confidentiality,
all company information and quotes are anonymized.

The interviewees had a senior level position, with
job tenure of more than 10 years in the respective
company. They were either the inventor or innovator
of a MEMS/NEMS product or process in their
company, R&D, or project manager with a leader
function of the technology development team. Even
though positive and negative influence on teams is
of subjective nature, long job tenure and function
enabled interviewees to discern immanent positive
and negative influences on teams and personal differ-
ences. Their educational background was mainly
from engineering or natural sciences, and they held
different organizational functions and positions in
their job tenure.

4.4. Data collection and analysis

Previous to the interviews with innovators, major
categories were established from literature findings
that reflected the research design. To increase reli-
ability, data were obtained through different sources:
(1) presentations and previous discussions with the
innovators, complemented with official available
information from scientific articles, and company
and product presentations, (2) questionnaires based
on intense literature research, focusing the interviews
on major topics from innovator’s perspective, and (3)
in-depth retrospective interviews with an average
length of 1.5 hr, which were tape-recorded, tran-
scribed, and double-checked with interview partners
for reliability (Bourgeois and Eisenhardt, 1988).
Additional notes and observations were recorded
during presentations, discussions, and interviews to
receive a further, more distant view. The purpose of
the combined data collection method was to structure
the complexity of the study, getting a complete
picture of the innovation itself, the technology devel-
opment team, and insights into team dynamics and
management processes.

According to Eisenhardt (1989), a combined data
collection method from several sources is in particu-
lar useful for new and explanatory studies where a
fresh perspective is needed, and which is consider-
ably outside of the well-established theories and con-
structs. To identify causal interrelations between the
type of technology project and management methods
in the early phases of developments, we used cross-
case analysis (Eisenhardt and Graebner, 2007).

Table 2. Profiles of studied organizations

Name Interviewee Size Industry sector Core business of applications

Company A Innovator Large Component manufacturer,
manufacturing processes

Sensors, automotive, security

Company B Innovator Medium1 Component manufacturer Sensors

Company C R&D manager Large Basic research, component
manufacturer

IT business, information and
communication

Company D R&D manager Medium1 Materials and characteristics Information and communication, imaging

Company E R&D manager Large Component manufacturer Information and communication

Company F R&D manager Large System integrator, software Information and communication, security

Company G Innovator Large System integrator Health care, life science, automation and
control, buildings

Company H Innovator Medium-sized1 Component manufacturer Sensors

Company I Manager Micro1 MEMS, NEMS industry Networking association

Note: Multinational companies that practice research and development in Germany, Austria, or Switzerland, but whose headquarter is not
necessarily located in the mentioned country. Their production sites are partly in the mentioned countries, but also in the United States and
Asia.
1Categorization according to the recommendation of European Commission [2003/362/EC] (Liikanen, 2003).
IT, information technology; MEMS, microelectromechanical systems; NEMS, nanoelectromechanical systems; R&D, research and
development.
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A qualitative content analysis was used to analyze
the results of our interviews and data (Krippendorff,
1980; Mayring, 2008). To do this, we chose an induc-
tive approach (Mayring, 2008) to transform interview
transcripts into data that can be compared (Creswell,
2003b). To quantify interview data, interviewees’
responses were coded to reflect the individual posi-
tion and experience (Huberman and Miles, 1994). In
the next step, a coding agenda was used and post hoc
amended to analyze the text and identify common
patterns (Krippendorff, 1980). The open-ended char-
acter of our specific questions offered free responses
(Lebart et al., 1998), but also led to answers fitting
often more than only in one particular category. In a
further step, responses for each category were aggre-
gated and summarized as absolute frequency (Krip-
pendorff, 1980; Creswell, 2003b). The intensity of
each category represents the priority of findings with
most quotes (see Table 3). The following section
presents the major findings of our study.

5. Results and discussion

Our exploratory analysis revealed six major positive
and negative factors influencing development teams.
Table 3 shows most cited factors with respective

attributes. The number in brackets, e.g. (II), reflects
the order of description in this section.

(I) Leadership and management influence
– fostering creativity and scope for
development

If innovation teams work on future MEMS/NEMS
technologies with a high degree of uncertainty, then
how can leadership influence this positively? Accord-
ing to the interviewees, the leaders’ definition and
redefinition of necessary competences and personali-
ties plays a key role for success. One innovator
notices on this:

As a team leader, it is necessary to define
‘What competences do I already have in the
team?’ and ‘What personalities do I have in the
team?’ and ‘What is missing?’ . . . It has to be
differentiated between the development of gen-
erations and evolutionary innovations. If we
speak for example of MEMS 2020 or the 5th
generation of a sensor then different people are
requested.

This suggests that leaders should fill their team
with individuals of a variety of disciplines (Barczak

Table 3. Factors with substantial positive and negative influence on the success of technology development teams

Influence Major positive
factors

Major positive attributes Major negative
factors

Major negative attributes

1 Leadership (I) Definition of necessary
competences with respect
to technology’s long-term
characteristics

Team structure and
culture (III)

Personal (e.g. career-
oriented) attitude and
missing team culture

2 Market, market
entry (II)

Available market know-how
and right point of market
entry

Market, market entry
(II)

No market and wrong
market entry

3 Team structure and
culture (III)

Team mix with experts,
politician, and
communicator; culture of
errors

Wrong or missing
leadership (I)

Leadership style (e.g. too
authoritarian) and lack of
management support

4 Innovation motivation
(IV)

Company level: earning
sustainable money; team
level: idea realization

Innovation driver (V) Missing driver; missing
persistency and missing
sure instinct

5 Innovation driver (V) Interdisciplinary thinker with
professional expertise

Missing know-how and
experience (VI)

No technology expert
networks; preconceived
ideas due to long job
tenure

6 Know-how and
experience (VI)

Interdisciplinary know-how
from different engineering
and basic sciences, and
business experience

Missing product vision
and innovation
strategy (VII)

Lack of personal orientation,
technology and
manufacturing process
orientation

Note: Influence of factors according to aggregated codes of the interviewees’ responses (1 = highest influence); multiple responses from
interviewees are possible.
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and Wilemon, 2003) with different skills and func-
tions. The requested team members’ competences
may differ between future MEMS technology con-
cepts and an NPD.

Interviewees indicated that the team cannot
foresee ‘. . . how the world will develop as facts of
technology and markets in such time horizons are
quite difficult to predict’. A leadership style with
characteristics like fuzzy control and giving someone
his head was an often-noted reason for high positive
influence on teams during the concept phase. The
comment of one team leader reflects different
authoritarian leadership influences in teams with its
consequences:

A too authoritarian leadership style will defi-
nitely cause fears. This means that risk taking
for new concepts will decrease due to fears of
punishment if something fails. As a conse-
quence, people will only take over low-risk
activities which lead to small innovations. In
that case a good mind-set for MEMS/NEMS
innovations is to let the employees do what
they think is the best, and a more authoritarian
leadership style should be the mirror to exter-
nals of the team.

Additionally, leadership applying their manage-
ment methods according to long-term projects of
MEMS/NEMS technology developments through
continuity in decisions, thinking and showing about
the next steps of developments, was given as a posi-
tive reason for success. For some interviewees, on
the contrary, the effectuation of such management
methods does not always work because of company
internal resistance. For those leaders, a team mix
with different organizational functions helps to
sweep resistance away.

Innovators frequently cited that the creation of an
inspiring atmosphere and enthusiasm for the topic
with the demonstration of impacts of innovation
is indispensable in the early development phases.
The impacts may show consequences for the employ-
ees themselves and the created competences to
strengthen the company’s competitive position in the
long run. In contrast, the most frequently cited reason
for a reduction of enthusiasm was the company’s
administration overhead, which has proven to be an
innovation retarder and inhibitor.

The approval of organizational room for creativity
and freedom of formation was a further aspect of
positive leadership practices. Innovators noted that
employees have to feel that her/his solution is
accepted and her/his competence is acknowledged,
and that she/he is not only a PowerPoint engineer.

Top management influence was an often-cited
reason as a positive influence on the outcome of the
team’s concept. Innovators noted that the early
phases and the innovativeness are influenced differ-
ently through the management levels. One innovator
commented:

Many from the top management are extraordi-
nary innovative and willing to take risks.
Astonishing is that the innovativeness and will-
ingness to take risks decreases in the middle
and upper management. This does not exclude
that they promote and demand innovation, but
they do not live it up. Thus, there is sometimes
a kind of a blockade between the company
management level and the department manage-
ment level which opposes against changes
from top down and bottom up. And this hinders
the readiness for innovations. Escalation proc-
esses, management meetings, and direct
involvement of the top management help to
bypass such situations which also reflect an
honor to the team.

Technology and concept are in the early phases in
a very fuzzy manner. Respondents commented that
specifying and scrutinizing all statements at this
stage of projects do not bring positive results. If the
management questions the concept too much in
detail, then results might be in general falsifications
and assumptions become facts, which are actually no
facts. On the contrary, a good story with substanti-
ated facts behind where potential opportunities are
shown is a good key for success.

On the whole, the findings suggest that leadership
has to clearly deduce the innovation’s requested com-
petences and personalities for MEMS/NEMS devel-
opments. Leadership which is creating an inspiring
atmosphere by showing enthusiasm for the technol-
ogy and providing organizational room for technical
creativity and freedom of development has a positive
influence on the team. On the contrary, a too authori-
tarian leadership style increases fears and decreases
the readiness for risk taking by team members. Risk
taking in the development of new technology
approaches can be increased when the management of
all levels accepts technology fuzziness and by direct
involvement of top management (Green, 1995).

(II) Market uncertainty and market entry –
a tightrope walk between missing
acceptance and fluffed chance

When MEMS/NEMS market is highly uncertain,
then what can be done to receive market information
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for nonexisting products and processes? For MEMS/
NEMS companies, market uncertainty is character-
ized through high product diversity with broad
application fields of MEMS, converging technolo-
gies through miniaturization, and nonexisting pro-
duction equipment for new technology concepts.
These reasons for uncertainty that cause difficulties
in the definition of product strategies and the meeting
of market requirements were mentioned by most of
the interviewees. Many interviewees noted that
market studies are one source of looking into the
future. However, they do not exist for new technol-
ogy concepts as one project leader noted:

Product generations are in general planned. So,
if there is a particular new generation of sensor
products, there are considerations years in
advance, about what the next generation will
look like (e.g. with new functions), which is a
real anticipating process. Market studies for
radical innovations or innovations with a high
degree of novelty do not exist.

How can the team then proceed to get market
information? For two project leaders always the
focus on both market and direct contact to potential
(lead) customers (Cooper and Kleinschmidt, 1993)
help to access market information:

We classify our ideas between the classic tech-
nologies and our new approach and see where
our product fits. Sometimes, our products are
too good and not needed. In the end, you have
to take the phone and contact your direct cus-
tomers, filtering their information and see if it
fits and who can need this.

Leg work, leg work. You get out there and you
talk to people. You ask people questions, you
ask customers questions, you ask suppliers
questions. What are they gonna develop us?
Where do they see the market?

Additionally, interviewees mentioned the cross-
functional integration of experts like marketing
champions into the team to ensure market-oriented
development. Teams also accessed market informa-
tion through scenario analysis, road mapping on
products and processes, internal expertise, custom-
ers, competitors, and studies from academia.
However, for the innovators, the long time horizon
anticipates also a danger that there is finally no
market. This was cited by all interviewees to be the
highest risk for MEMS/NEMS technology develop-
ment teams.

The time of entry, which was in the past influenced
by a technology push where new functions were the

driver of innovations, changed now toward market
pull (Vigna, 2009). This resulted in a forced adapta-
tion of market and product strategy of former mainly
technology-oriented companies. Two innovators
commented on this as follows:

For almost 10 years, we earned our money
from that technology push topics, however this
changes. The tendency is towards market pull
which means that we have to orient ourselves
to what the market wants. As the technology
comes to maturity, innovations in microsystem
technology have to meet market needs as the
basic technology problems are solved.

90% of the companies focus on the realization
of their ideas in functions and technology.
However, the interfaces like packaging and
software are important for the feasibility and
the readiness for the market, not only the
function.

Market entry of MEMS/NEMS innovations is a
strategic decision. Two project leaders commented
about market entry, pricing, and necessary decisions:

Being too early results in market acceptance
problems. But, also being too late is a fatal
mechanism as then there will probably be
prices on the market which have reached their
economy of scale and which a market entrant
cannot reach. Consequently, there is no way to
escape, except it is a strategic decision to enter
the market with two or three years of losses and
then be in the market with respective profits.

You are pursuing an innovation, which is later
not in great demand. Or the market continues
into the right direction, but faster than antici-
pated. And you are completely too late. The
delay results in too high entry level pricing that
you cannot apply to join the market. I have the
right idea, the right concept, but I am too late
and my prices are too high.

Testing the market and the company’s key custom-
ers with the technology concept in different stages
accompanied by own market surveys was suggested
by several innovators to prevent flops. In case the
technology is of societal interest, two innovators see
the presence in politics and governmental institu-
tions, new standardization panels, and lobbying as a
means to strengthen the technology’s position in the
early phases of developments.

In summary, the findings indicate that MEMS/
NEMS technology development teams have to face
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different uncertainties resulting from market and
technology. First, market information for new tech-
nologies and resulting potential products do not exist.
Second, necessary production equipment may not
exist and may have to be developed. Third, the ten-
dency to market pulls requires a closer market and
customer orientation. The close market orientation is
in contradiction to long development times. There-
fore, the market entry results in a strategic decision
with potential financial deficits. Market uncertainties
can be reduced through continuous testing of both
market and key customers with the new technology
concept accompanied by own surveys and direct
influence on stakeholders. Consistent with prior
research, traditional methods like scenario analysis
(Grant, 2008) and road mapping (Walsh, 2004;
Laube and Abele, 2008) are used to reduce market
uncertainties.

(III) Team structure and team culture – a
nucleus of basic and engineering
disciplines

If a team mix is beneficial (Edmondson and Nem-
bhard, 2009), then what specific competences and
personalities for MEMS/NEMS teams are needed?
For technology problem solving of new functions
and processes, all innovators cited a high degree of
interdisciplinarity of scientific disciplines as a key for
a successful team. One interviewee’s comment
reflects the cross-sectional technology characteristics
of MEMS/NEMS and the necessity of thinking
between and linking scientific disciplines:

In micro and nanosystems we do not pursue
an engineering direction like mechanical
engineering, which is rather uniform. Or the
principles of electrical engineering and
semiconductor electronics, which are rather
limited disciplines. In micro and nanosystems
technology one must be able to do something
of everything. For this, chemistry is also very
important. . . . One should also be ready to
work oneself into semiconductor technology
and signal processing or, e.g. how one can fab-
ricate plastic packaging. This means in our
case that the interdisciplinarity or the willing-
ness to exceed some specific points which was
learned in academia is very important.

Interviewees stated that the structure within a team
should be complementary to the problem, which
shall result in a matching picture for the technology
development, otherwise ‘. . . if one makes mistakes
in that case it will cost time, energy, and a lot of

money’. Both, generalists and experts from different
directions are needed in the team. However, team
members play different roles as one innovator noted,
‘the generalist is more a communicator and cannot
replace specialists’.

Additionally, a personality mix was noted to be of
high positive and negative influence for progress in
the early phases. One innovator notes why a mix
between freaks and politicians is of importance:

Technology freaks were often involved as
lateral thinkers and producers of good ideas.
We try to have up to one fourth of such freaks
in our team. . . . They are very important for
solution finding and new ways to go. But,
sending them into hard discussions, then more
porcelain could be smashed than puttied. Thus,
for general political issues politicians should
be sent.

More detailed regarding personalities, respondents
also indicated that the personal attitude of team
members toward the team (Barczak and Wilemon,
2003) and toward the technology itself can have a
negative influence on the outcome. Two interviewees
commented:

The personal attitude to the targeted innovation
and team, e.g. career-oriented team members
or too experienced members can lead the
project to wrong directions and failure.

A team might not work when people are too
introverted or too egoistic. This means that a
real working team is necessary to operate in
such a broad field like micro and nanosystems
technologies. An attitude of focusing on career
disturbs the long-term team building process.

Team culture was mentioned by several interview-
ees with a high positive and negative influence on the
outcome of a new technology concept. This refers
to the willingness for collaboration among experts,
team building, and a sprit for democratic decisions.
For interviewees, building a team culture depends
also on team size and geographic distances. Some
teams were located centrally (e.g. corporate technol-
ogy), locally, regionally, or globally, which caused
challenges in the team-building process.

A culture of errors was noticed by several innova-
tors to be of positive influence on the result of tech-
nology developments as only ‘Those who do not
work make no errors – but, not working isn’t ok at
all’. The organization should create an innovation
culture, where teams have the possibility to commit
technical errors. For instance, two interviewees
noted:
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Success is also built on failures, because I
failed miserably again and again. In the corpo-
rate environment, there are so many boundaries
and constraints playing a very significant role
to bring somebody’s invention to an unfulfilled
dream.

I mean, look at the US. You are a good busi-
ness man when you fail five times and then
you have one success, but in Europe you are
not given that chance. You don’t get a second
chance.

According to our data, a MEMS/NEMS team
structure with a high degree of interdisciplinarity on
functional and scientific discipline level and a per-
sonality mix promises to be effective. The structure
between early phases and development phase can
differ. Team members for innovative technology con-
cepts have to be more creative and visionary rather
than milestone oriented as in NPD. According to the
innovators, technological creativity can be realized
through a mix of cross-sectional technologists, gen-
eralists, politicians, lateral thinkers, technology
freaks, or experts from basic and engineering sci-
ences. Moreover, the team members’ personal atti-
tude may mislead the project. The attitude should
focus on technology realization rather than on fast
career steps. Combined, these results suggest that
teams have to reflect technological complexity and
long-term characteristics of the project in their struc-
ture. The request for a different team structure com-
pared with NPD results from a high degree of
technology uncertainty, varying ways of thinking due
to different involved scientific disciplines, and geo-
graphical dispersion of expertise contributing to the
team. Thus, teams creating a team culture and a
culture of errors work more effective.

(IV) Innovation motivation – earning
sustainable money with impossible things

What motivates companies and teams to work on a
new technology approach over several years? Not
surprisingly, the company’s quintessential motiva-
tion for innovation is as one innovator noted, ‘We
would like to earn money – sustainable and on a
long-term basis’. This is driven through global com-
petition, price decreases, and increasing R&D and
production cost for MEMS/NEMS. On the other
hand, products have to be consequently better, pro-
viding more functionality, or cheaper.

For the team’s intrinsic motivation, the organiza-
tion itself may contribute in different ways. Several
respondents noticed that possibilities for idea reali-

zation and the demonstration of consequences from
technology developments with added values have
shown great influence on team members. One inno-
vator made the following comment:

Somebody who has an idea should also see that
his idea has been accepted and pulled through
the end, and shows success. This motivates
most of all. But, for this purpose budget is
necessary.

The MEMS/NEMS technology itself and when
‘. . . something is impossible’ to be realized techno-
logically was commented to be of high influence on
the team’s motivation. Moreover, technological and
organizational leeway fosters the motivation for
innovative technology approaches as the following
two interviewees commented:

Ideas come bottom up; they do not come from
the CEO or by the boss in the innovation phase.
Nobody told us ‘You have to do that!’. We told
our boss ‘We would like to do that!’. And he
said yes, because he might also have visions,
but on another level.

An innovation climate should be created where
people like to work, and where employees may
think about topics which do not always fit into
their scope of work.

The team members’ resulting intrinsic motivation
refers also to the possibility for experts to exchange
experience and opinions internally (Osterloh and
Frey, 2000) through expert networks and topical
meetings. Additionally, flatten hierarchies where
team members have the possibility to assess organi-
zational levels equally were commented as a high
influence on motivation.

Intrinsic motivation to work on a topic several
years resulted also from the team composition. Inno-
vation barriers for the team were those members who
had low push and acted indifferently. Such a behavior
is reflected through statements like ‘Well, if the
company does not want to, then they should stop’ and
arguments like ‘Well, if my idea is not accepted, then
the company should see where it will go without my
idea’.

Extrinsic team motivation through different finan-
cial and nonfinancial methods and incentives was
practiced by all companies. Innovators mentioned
examples like nomination of the innovator of the
year, special events for innovative employees, and
participation in innovation programs. Furthermore,
the winning of official prices for technologies and
products in specific branches was mentioned of high
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positive influence on motivation as it may result in
competitive advantages. However, companies finally
focused on the nonfinancial methods for team moti-
vation (Amabile, 1997).

In sum, motivation over long time frames is diffi-
cult, and teams experienced both intrinsic and extrin-
sic motivation. Precisely because MEMS/NEMS
technology projects last over years, the technology
itself and the idea realization with resulting business
potentials is the most important engine of the teams’
intrinsic motivation. Team members valuate techno-
logical and organizational leeway to be of high
positive influence on their motivation. Extrinsic
motivation through financial recognition has to be
selected individually because of the mix of experts
with individual preferences.

(V) Innovation driver – an engineer with
something of everything

‘Innovation wants to be fought for and those who
drive it shall not climb down’, was stated by one
innovator. What then are the characteristics of some-
body who has to drive MEMS/NEMS technology
development projects over several years? For
instance, one respondent from a large company com-
mented on the required personal characteristics of an
innovation driver:

Everybody who wants to drive innovation will
encounter inevitably resistance – in ever large
organization. Those who place themselves into
the battle, these are at least people who are
ready for criticism.

Personal characteristics like a high frustration tol-
erance was noted to be required to promote new
MEMS/NEMS technology concepts because of the
need of a long staying power. Personal attributes like
stubbornness, persistency, and getting on the wrong
side of somebody were cited as further necessary
characteristics.

Functional characteristics include being an inter-
disciplinary thinker, a team player, and a motivator.
She/he should be objective oriented and open for new
ideas and having broad technological knowledge, but
not necessarily being an expert. These characteristics
were mentioned by several innovators to be of high
positive influence on the teams’ success. For
instance, one respondent commented on the profes-
sional behavior of innovation drivers:

An idea is in the first stage just an idea, but it is
the innovation driver’s job to make the best of
it. Some do not take the easy way out – they

fight for it. They are seeking for allies and
thinking about networks which could be sup-
portive to the idea, and they energetically
produce evidence why their idea is good.

According to the interviewees, the professional
behavior refers also to know the business etiquette of
the company and how to play with them.

Interviewees noticed that the innovation driver is
very often the initiator of the idea, but she/he does not
have to be the team leader by definition. The innova-
tion driver’s job tenure should not be too long to
prevent a blinkered attitude to one’s work. Note the
comment from one project leader:

There is also a pain threshold – a taboo zone –
which may not be exceeded and needs intui-
tion. If somebody is too long in the company,
or if somebody has reached a higher position,
then there is a tendency that people become
cautious and risk-averse.

Innovation drivers are usually homegrown talents.
It was frequently indicated that they come from
academia known through joined (partially govern-
mental) projects or common application and selec-
tion processes. Candidates from other companies are
relatively rare. One interviewee provided some
details to identify innovation drivers:

The majority usually enters the company after
a university education or doctoral studies,
perhaps with a short experience as post-doc in
academia. These people in the first step are
not the innovation drivers, but they could help
the promotion of innovations. Typically, these
innovation drivers come out of the engineering
sciences like mechanical or electrical engineers
and out of basic sciences like physics or
chemistry.

Based on the interview data, it is suggested that
the innovation driver’s characteristics play a key role
in interfacing the team and anchoring the techno-
logy development project within the organization
(Hauschildt and Kirchmann, 2001). These character-
istics (e.g. persistency and sure instinct) are needed
on one hand to face expected resistance from differ-
ent management levels, especially in larger organiza-
tions. On the other hand, the innovation driver has to
bring impulses to the team to bridge the long period
from idea to a technology concept. Classically, for
MEMS/NEMS technology development teams, these
people are experts coming from engineering or basic
sciences with a willingness to take risks.
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(VI) Know-how and experience –
antagonism between necessary expertise
and too preconceived ideas

MEMS/NEMS and nanotechnology are cross-
sectional technologies, which require a high degree
of different disciplines (Schummer, 2004). What
know-how is then needed for MEMS/NEMS con-
cepts? A lack of technological know-how from mate-
rials science and the integration of functions on chip
level were cited by most of the interviewees to
become a key weakness for companies. Several inter-
viewees noticed that the team’s access to technical
know-how through internal and external networking
(Rothwell, 1992) is of high influence for a successful
concept. For instance, one innovator made following
comment:

Technology is new and progressing fast.
Some topics are always missing and the ques-
tion is how to manage it. Therefore, inside
and outside knowledge sharing networks and
collaboration are necessary. You have to trust
these people and at the end of the day, you
pick up the phone and call them. However, a
critical mass of experts should be in the
company, as for sure, you cannot rely only on
external experts.

Not surprisingly, for the respondents this network
is growing with job tenure and position, while gradu-
ates still have to build up this network. But on the
other hand, graduates bring in fresh ideas based on
their experience.

Further sources for technology know-how were
company internal experts who might come from a
different business segment having solved similar
topics. Opinions from external experts, e.g. from
academia or research institutions, are important to
reflect innovative ideas. One project leader noticed
on this:

These future scenarios are mainly opinions and
linked to competences of academia. Academic
research groups do not only have an opinion
where future technologies might go. In general,
they also have technology approaches for
potential solutions. If such opinions and capa-
bilities include promising ideas for industrial
solutions then companies are very interested in
collaboration with academia.

Interdisciplinary knowledge was commented by
all innovators to have positive influence on the effi-
ciency of technology development teams. This refers
to know-how from different engineering and basic

sciences (e.g. mechanical engineering, chemistry,
and physics) combined with business experience
(e.g. national, international, different functions, and
direct customer contact). Know-how is either trans-
ferred through licensing and joint projects mainly
through doctoral students or by direct hiring of the
knowledge carriers, whereas impulses for future
topics are coming from customers, competitors,
internal experts, and from publications (Lynn et al.,
2000).

Interestingly, in contrast to necessary know-how
from different fields, most innovators cited that too
much experience can have negative influences on
development progress. In fact, too much experience
can lead to preconceived opinions and may block
new innovative ideas. Note the comments from two
interviewees:

Missing experience is the first step towards
change. Thus, somebody with less experience
probably develops a solution which another
person with more experience does not think
about. But, less experience can also mean to
fall into traps where a lot of others have already
trapped, which is of course dangerous.
However, less experience can be balanced. In
contrast, somebody with much experience is
focused in one direction which is difficult to
balance and to compensate.

Experience for me is two-minded. It is very
helpful if somebody made experiences for
years or made a lot of mistakes which should
not be repeated. But, on the other side this
experience (e.g. of gurus) is also hindering
ideas. The team is corrective. I could tell you
several examples, where people not directly
related to the subject brought very good ideas.
I would evaluate creativity and capability to be
innovative in the concept phase as more impor-
tant than experience.

The findings indicate that MEMS/NEMS technol-
ogy development teams have generally a lack of tech-
nology know-how. Not surprisingly, this results from
far-reaching visions with technology uncertainty,
but also from the vast development of possibilities
coming from material science and nanotechnology.
Teams compensate this lack through inside and
outside knowledge-sharing networks and collabora-
tion. Surprisingly, the experience of team members is
ambiguous. Experience is essential to prevent former
technological mistakes. On the other hand, too much
experience impedes that new ideas and new technol-
ogy approaches are brought into the team.
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(VII) Product vision and innovation
strategy – the compass for long-term
orientation

A product vision should be a problem-solving, holis-
tic view (Brown and Eisenhardt, 1995). What is then
the function of the vision in MEMS/NEMS? The
product vision for MEMS/NEMS technology devel-
opment teams acts as orientation for future products,
technologies, and processes, as market and technol-
ogy are uncertain in the early development phases.
This was mentioned by several innovators. One inno-
vator made a comment on this:

The vision is the starting point . . . with ques-
tions: ‘What do I like to achieve in the future?’,
‘What do I like to change in the old world?’.
And then they have to execute that passionately
in order to drive towards that vision. So, the
vision is also a target and without that you do
not know where to go. Once you have got a
good vision and once you have got a good
strategy you find in most cases technologies,
good tools, and processes. The vision and strat-
egy are enablers to get there.

On the contrary, when a vision is missing the team
is disoriented and is mislead to copy other technolo-
gies. Innovators noticed that product visions have to
be far reaching because of high uncertainty in the
early phases. Considering only short time horizons
will limit the degree of innovativeness. When there
are no time limits, the vision may allow fundamen-
tally new products or processes.

Interviewees commented that visions were often
set by the management or innovators. In order to
reduce risks and failures by the team, it was noticed
to test the vision in the market and adapt it:

You need to somehow test that vision. So, the
vision often is the decision of where the boss
wants to go. And it depends whether he is a
good or bad boss or whether he is a visionary
or whether he is misconceived.

Interviewees stated that the innovation strategy has
to be long term oriented. Usually, companies request
a short term for the return on investment (Tierney and
Walsh, 2009). Consequently, the complete R&D cost
will be allocated on one generation, which increases
pricing and may lead either to a strategic product or
a flash in the pan. For instance, one innovator
noticed:

If you enter the market with a new technology
or a radical innovation, then one have to think

in road maps and on a long-term basis. And,
when the financier is not willing to think on a
long-term basis then hands off.

Our findings indicate that a clear product vision in
the early phases provides orientation to the team in
MEMS/NEMS technology development and market
orientation. A long-term orientation of the product
vision and strategy is of positive influence for funda-
mental new technologies and future market position-
ing. It is further suggested that MEMS/NEMS
technology development teams should frequently test
and adapt their vision to reduce risks of dead ends
later in the project. However, innovators also indicate
a double bind of market orientation as pure market
orientation with, e.g. short time horizons is limiting
the degree of innovativeness.

6. Conclusions

New ideas from MEMS/NEMS and nanotechnology
increasingly leave lab status as manufacturing capa-
bilities on microscale and nanoscale have improved.
Companies continue to invest into design, new
process technologies, and production facilities for the
commercialization of MEMS (Vigna, 2009). At this,
the management of highly interdisciplinary teams is
critical to effect long-lasting technology develop-
ments in emerging fields of MEMS/NEMS and
nanotechnology.

The purpose of this investigation was to explore
how MEMS/NEMS technology development teams
in the early development phases can be managed
more efficiently and effectively. It was the objective
to provide an understanding of the team in its organi-
zational and technology environment. Thus, major
positive and negative influences on technology devel-
opment teams were investigated rather than identify-
ing single factors showing the highest influence on
performance.

The results of this research suggest that the most
critical issue for technology project teams is the
buildup of knowledge and capabilities in system
integration and manufacturing. While, for example,
in the pharmaceutical industry preclinical tests are
decisive for further development (Gassmann and
von Zedtwitz, 2003), this study indicates that scien-
tific knowledge and capabilities that span multiple
fundamental and engineering disciplines are crucial
for new technology concepts in MEMS/NEMS.
Knowledge and capabilities are basis for long-term
competitiveness and the development of core com-
petences (Prahalad and Hamel, 1990). The actual
process of creating these competences (lived

Managing MEMS/NEMS technology development teams

© 2013 The Authors
R&D Management © 2013 Blackwell Publishing Ltd

R&D Management 43, 2, 2013 179



experience) is of critical importance for the team.
Because fundamental technologies are not well
understood in the early phases, the joint developed
experience of building up integrative competences
enables the team to react quickly to unexpected
technological and market changes.

MEMS/NEMS technology developments are sub-
stitutive and disruptive to other technologies (Linton
and Walsh, 2004; Walsh, 2004). An early diffusion
of the vision with market testing and adaptation
reduces uncertainties and risks of failures later in the
product development. This implies also a failure
culture, both in the organization and project team,
where e.g. probing and learning is practiced and
lessons learned processes prevent a repetition of
failures. As a consequence, leadership’s creation of
a long-term creative work environment, where
experts are allowed to realize their ideas and
exchange their expertise within technology commu-
nities, sets the framework for success. For this
purpose, the team member’s individual motivation
toward long-term projects and technology has to be
carefully analyzed.

Leadership and team organization in large MEMS/
NEMS companies most likely reflect the companies’
general way of managing technology development
teams. However, the investigated companies show
that the team structure and leadership style need to be
adapted to the project’s and technology’s complexity.
Thus, the team structure can differ between the early
phases and later developments. Even though technol-
ogy is highly complex where specific expertise is
needed, focusing only on one expert may mislead the
project in the early phases. Informal personal net-
works provide a knowledge source and offer a filter
function of new technology approaches. Conse-
quently, the identification of experts and securing
temporary access to them is more important than
having them in the team. This explains how a lack of
know-how and experience by team members can be
an opportunity for developing something new rather
than a blocking element.

Overall, the research and development of
microsytems and nanosystems require lateral-
thinking engineers. These are engineers who have a
breadth of skills and knowledge in different tech-
nologies. To solve difficult technology problems,
they have to be acquainted with different scientific
and engineering disciplines such as e.g. materials,
physics, and mechanical and electrical engineering.
In other words, this means a shift from traditional
single discipline-oriented thinking and management
of developments (e.g. separation of technological
problems into mechanical and electrical engineering)
toward a multidiscipline thinking and management of

MEMS/NEMS project teams by approaching techno-
logical problems as a whole.

7. Limitations and further research

Although this study improves the understanding of
the management of technology developments, there
are several limitations. First, the selected research
model is based on a qualitative approach. Percep-
tional data obviously have limits and can be biased
through a personal, historical context (Creswell,
2009). Furthermore, interviews with team members
on a broad basis would have completed the picture.
We could not affect this as team members often
changed during long development time and members
of large companies were widespread in global
organizations. However, validity is increased through
triangulation by means of the collected archival data,
publications, internal documents, and using open-
ended interview questions (Eisenhardt, 1989; Yin,
2009).

The second limitation is the sample size. Even
though sample size is consistent with many studies
in NPD and innovation team studies (Buckler and
Zien, 1996; Farley and Rouse, 2000; Cooper, 2005),
it certainly has its limits for generalization. The
results presented are just a beginning, which need
both refinement and further testing in a larger
sample and more additional methodologically and
statistically rigorous data assessment. However, the
sample size still remains to be the major challenge.
Technology projects are rare and often of strategic
importance for companies (Cooper, 2006) with dif-
ficulties to access project information and people for
research purposes.

The third limitation is the company size and
regional aspects. We focused our study on small-,
medium-, and large-sized companies in middle
Europe that already have an MEMS history. For
smaller companies, and especially start-ups, the
organizational settings and communication paths are
different and play a minor part in comparison to large
organizations. Moreover, there are significant differ-
ences in organizational culture, leadership practices,
and team management between European, Asian,
North American, and South American companies
(Hofstede, 1991). Cultural aspects therefore limit
geographical applicability of this investigation.
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