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Abstract

This paper want to explore the development of collective competencies in the context of new
high-tech ventures. New high-tech ventures face many problems in developing a new
technology especially when they are established as research-based spin-offs. Even though
technological competencies are critical in the start-up phase, new ventures have to focus on
the market in order to succeed. This success is dependent upon the ability of the
entrepreneurial team to coordinate different knowledge bases during different phases from
foundation to commercialization, which can be described as the ability to develop collective
competencies. An emperical study of a new research-based spin-off invovled in developing a
new technolegy will be used to illustrate the development of collective competencies during
the first year after start-up.

Introduction

New high-tech ventures face many problems in developing a new technology especially when
the start-up is based on commercialising a spin-off from the universities. The concept of aca-
demic spin-off or research-based spin-off has been used to characterize these firms, as they
are fundamentally different compared to other high-tech start-ups (Claryss & Moray 2001). It
is obvious that scientific and technological competencies are critical for those new ventures
in the start-up phase, but meanwhile they also have to focus on the market in order to succeed
(Boussouara & Deakins 1999; Teece 1988). This success is depending on the ability of the
entrepreneurial team to coordinate different knowledge bases during different phases from
foundation to commercialisation, which can be described as the ability to develop collective
competencies (Frohm 2002). Entrepreneurial teams play an important role in developing suc-
cessful new high-tech ventures as it is argued that in order to succeed it is essential that indi-
viduals combine their “abilities in teams” (Vyakarnam, Jacobs et al. 1999: 154 ). Even
though entrepreneurial teams are acknowledged to be important to secure growth and success
in new high-tech ventures, much of the literature about innovation implies more or less ex-
plicitly that a knowledge base exists in the organization either as individual specialized
knowledge or as collective knowledge embodied in group routines (Ravasi & Verona 2001).
This is not the characteristic of new high-tech ventures as the foundation team in the initial
stages only posses some of the competencies, which seem to be crucial to secure the success
in developing, manufacturing and commercialising the innovation.

One of the underpinning assumptions behind the idea of innovation is that entrepreneurial
teams - which combine different personalities, knowledge and skills -, are more likely to ac-
complish an innovation than a homogeneous team. This however, does not take into account
the growing size of the entrepreneurial team. Already in the first period after the start-up, the
development of competencies is complicated by the introduction and recruitment of addi-
tional members to the entrepreneurial team (Venturelli 2001). However, if individuals are to
be able to collaborate they need to develop a certain degree of mutual knowledge to make it
possible to conduct even the simplest activity in a coordinated way (Holmquist 1999). Al-
though the new venture is able to attract and secure competent staffing and members with
complementary skills, they must develop a shared understanding or collective mind (Weick
& Roberts 1993).This is not only a social process of team-building, because people who work
closely together can hold different conceptions of their work (Westelius & Askenés 2001),
which makes it difficult to understand how to collaborate with others. To explore the devel-
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opment of collective competencies it is important to consider the dynamic nature of the grow-
ing entrepreneurial team in order to understand collective competencies as something emerg-
ing during the innovation process between members of a rather heterogeneous or cross-
functional team and between newcomers and experienced workers.

There is a number of empirical and theoretical studies on collective competence, which this
paper wants to elaborate. Even though they have different perspectives as to what constitutes
collective competence and how it develops in varied contexts, they all agree that collective
competence can be seen in relation to collective action undertaken by several individuals
working together for a common purpose. Based on these studies, collective competence can
be seen as an ability to make sense, skilful interaction, or patterns of heedful interrelations
(Cook & Yanow 1993; Hanson 2000; Weick 1993, 2001; Weick & Roberts 1993). I first
want to outline these different ways of understanding collective competence in order to ex-
plore how collective competencies can be seen in the context of new high-tech ventures.
Based on an ongoing empirical study of a new internal corporate venture involved in devel-
oping a new technology, the concept of collective competencies will be used to illustrate how
collective competencies developed during the first year as the entrepreneurial team were in-
volved in simultaneously developing, manufacturing and commercialising a new technology.

Collective competence

In Hanson’s (2000) studies of collective competence, he uses the concept of skilful interac-
tive action. Skilful is - according to Hanson - the requirement of competent individuals,
which have the necessary technical knowledge and skills in order to accomplish the common
task of the group — the individual’s technical competencies. The combination of several indi-
viduals’ technical competencies constitutes a mutual knowledge base for collaboration. Even
though the mix of technical competencies is fundamental for a group to undertake collective
action it is not sufficient in order to act as a competent group. Hanson (2000) states that social
competence - which refers to the culture, routines and rules shared by the team -, is essential
in explaining competent group performance. Consequently, collective competence is often
regarded as a way to explain skilful and successful performance of a team, workgroup or or-
ganization (Cook & Yanow 1993), but some of the important contributions to the theory stem
from studies of collective incompetence and takes departure in the failures (Weick 1993,
1995; Weick & Roberts 1993). By taking departure in both studies of success and failure
makes it more suitable to discuss and theorize about the ability to make sense, patterns of
heedful interrelations and skilful interaction.

“The basic idea of sense making is that reality is an ongoing accomplishment that emerges
from efforts to create order and make retrospective sense of what occurs” (Weick 1993: 635).
In a study of the Mann Gulch fire disaster, the death of 13 out of a crew of 16 smokejumpers
is seen as a collapse of sense making (Weick 1993). Most of the smokejumpers were not able
to create order and make sense of what was going on, as they experienced a novel and dan-
gerous situation that resulted in the disintegration of the group and resulted in a fatal out-
come. If individuals are not able to make sense out of a reasonable and meaningful situation,
they will act as individuals and not as a group. Even though the crew was created from highly
skilled and trained smokejumper, they did not have any shared experience as a group. As
Weick explains “they were mainly tied together by pooled interdependence” as ” they did
not come together around the same activities in the same time and place” (1993: 647, 632).
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The importance of shared experience is fundamental in collective sense making (Boyce
1995). The concept of collective sense making can be seen as the process whereby groups in-
teractively create social reality, which becomes the organizational reality” (Boyce 1995:
109). Collective sense making makes a group or organization focus to reach unity (Boyce
1995). This is evident in the example of Hungarian soldiers lost in a snowstorm in the Alps,
as they were able to make sense out of a map they suddenly discovered and finally found the
way back to camp (Weick 1995). Even though it was a map of the Pyrenees, it calmed the
soldiers and made them able to create a collective order and act upon the map — “they were
able to enact a collective competence” (Orlikowski 2002: 253).

Skilful interaction is seen as the way the work is carried out in practice between several indi-
viduals cooperating or collaborating for a common purpose. In a study of flute makers, Cook
and Yanow (1993) argue that collective competence can be seen as the capability of the
workshop to make flutes which over the years still have the same original sound despite the
fact that flute makers over time leave the workshop. Although the work of making a flute is
separated into several different individual tasks, only the workshop is capable of making the
whole flute. The interaction - which takes place during the manufacture of a flute - is collec-
tively learned “so the knowledge needed to make the flute has not been lost to the organiza-
tion as evidence in the sameness of the play and feel produced by the workshop over the
years” (Cook & Yanow 1993: 381). Collective competence can then be seen according to the
way the several subtasks are carried out by several individuals contributing to make a flute.

Weick and Roberts (1993) describe collective competence on an aircraft carrier, which is an
organization that requires almost continuous reliability in order to avoid catastrophes. They
develop the concept of a collective mind to explain the performance of an organization, as
“patterns of heedful interrelations of actions in a social system” (Weick & Roberts 1993:
357). The collective mind is manifested as the “actors in the system construct their actions
(contributions), understanding that the system consists of connected actions by themselves
and others (representations), and interrelate their actions within the system (subordination)”
(Weick & Roberts 1993: 357). Even though Weick and Roberts clarify that the coordination
of activities on an aircraft carrier is visible and explicit, the timing in which the streams of ac-
tivities unfold during flight operations has to be coordinated between several individuals
placed all over the ship and in the air. If this is done in an orderly and competent manner,
“the individuals act as if they are a group” (Weick & Roberts 1993: 360).

The stories about smokejumpers, soldiers, flute makers and an aircraft carrier all deal with
explaining different constitutions of collective competencies although they do not use this
expression. What seems to be important is that collective competence has to relate to an ac-
tivity in a system and concerns the interaction between several individuals in that system
(Bramming & Madsen 1999). For that reason, I use the concept of domain to describe the ac-
tivities, which constitutes an area for collective competencies such as making a flute. A do-
main is only a taxonomic (Orlikowski 2002), but necessary in order to explore what consti-
tutes collective competence.
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The case of Bio-sense*

* All names, products, locations and customers gave been disguised.

Bio-sense is a way to illustrate how the development of collective competencies emerged
during the start-up of a new venture as the members of the entrepreneurial team mainly fo-
cused on developing a new technology but at the same time they were preparing for manufac-
turing and commercialisation. The case wants to focus on the development of collective com-
petencies to explore 1) how they linked the technology to the market, 2) the collaboration be-
tween the employees as they were involved in coordinating the different activities and 3) the
collective mind.

All the employees who were involved in the new venture during the start-up were all profes-
sional academics in management, physics, biology and chemistry, which makes it at multi-
disciplinary team as several academic disciplines are involved (Mccallin 2001). They were
primarily working within the main activities of design, process, characterizing and biological
test as shown in table 1. During the start-up, these people make the entrepreneurial team but
are planed to transform from a research team into a management team, who will be responsi-
ble for R&D, Manufacturing and Marketing when the venture grows. This case only concerns
the research team, as to focus on the collective competencies, which were essential to develop
the new technology.

Table 1
The construction of the entrepreneurial team according to professions and activities
19Y7 Summer Inventor (John 1)
Pre-start Inventor (Jane 1)
Initial screening Business Developer (John 2)
19Y7 Autumn Inventor (John 1)
Start Design, Process, Characterizing
Business Developer — Executive Director (John 2)
Commercialization
19Y8 Winter Engineer - Nano & Micro technology (Jane 2)
Process, Design
Biologists (John 3)
Biological test
19Y8 Spring Inventor (Jane 1)
Design, Process, Characterizing, IPR
19Y8 Summer Engineer - Micro Mechanics (John 4)
Process, Patent (Up-scale production)
Chemist (John 5)
Biological test (New ways)
CO Inventor leaves the company (Jane 1)
19Y8 Autumn Business Developer get promoted to CEO (John 2)

Pre-start - the history of Bio-sense

Bio-sense was established in 19Y7 as a research-based spin-off with investments from a
Danish corporate venture capitalist (CVC) that over the years have been involved in develop-
ing new businesses especially in connection to the high-tech industry. The spin-off was based
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on a project at a university, which had been working with the advanced technology since
19Y1, but it was not until 19Y4 that the project actually began to focus on developing bio-
sensors. Only one of the two inventors who held the patent became fulltime member of the
new venture from the start and the other only worked as a consultant for a short period later
on. A business developer from the CVC was appointed as temporary Executive Director for
the new venture but gets promoted to CEO autumn 19Y8. The Business Developer had been
responsible for conducting the initial screening together with the two inventors before the
CVC agreed to invest in the project. The screening mainly focused on clarifying the potential
in the technology and identifying a market for the new technology. Based on the screening, a
Business Map was constructed to give a strategic overview of the potential in the technology
and identified the product, market, competitors, IPR and an overview of the resources needed
to commercialise the new technology.

Start - Linking the technology to the market as collective sense making

Linking the technology to the market can be seen in accord to collective sense making. The
start-up of a research-based spin-off is often based on one core technology, which has to be
further developed before it is ready for commercialisation. The importance of linking the
product design to customers need is therefore essential in order to commercialise a new prod-
uct (Dougherty 1992), which underlines the ability to focus on the market. In the literature of
entrepreneurship it is often argued that the entrepreneur starts by “conceptually envisioning a
new business reality and then starts to concretely enact it on the market through committing
other actors to the process.” (Johannisson 1998). The ability to vision the nature of the market
(O'Connor & Veryzer 2001) constitutes a domain for collective competencies in order to
make sense of the linking between the technology and market possibilities. Bird (1989: 328)
states that “visioning directs action by drawing in a desired future state into the existence of
one’s self and others.”

In the first period after the start-up, John 1 worked alone in the laboratory with the develop-
ment of the biochip, which eventually has to be build into a simple portable and inexpensive
instrument — a reader — in order to function. The reader is an instrument, which has to be used
together with the biochip. Even though the Inventor worked alone, the improvement of de-
signing and producing a biochip was based on sense making according to the potential market
for the biochip, which he had made with the business developer.

“Right from the beginning, we were convinced that the biochip could be used everywhere.
This was a problem because eventually you have to get a clear focus. The business developer
then analysed the market — more or less systematic — and realized that the best opportunities
were in the area of X-market. This sounds also very reasonably because we can produce the
product according to the demands related to the X-market: the product is portable and capable
of conducting between 10-100 different analyses, the chip is disposable and the price is fair.
Also the volume of X-market has great importance” (Jane 1).

Even though it from the start was very clear that this new biochip was pointed towards the X-
market, the focus became much more clearer as a biologist (John 3) was employed in summer
19Y8 and became the fourth member of the research team. John 3 had many years of experi-
ence in conducting analysis based on XXX, and could see that the biochip was able to change
the way analyses normally works in X-market.
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“It would make it easy for X-customer to respond quickly and deliver the result immediately.
Then they do not have to send an X-test to the laboratory and wait for an answer” (John 3).

“At the first time we thought of using the technology in connection with YYY — it is very
fancy to work with YYY, but in the area of XXX it seems more appropriate because the cus-
tomers will save time in performing analysis. Working with YY'Y is very complicated, as you
have to work with Y instead of X” (John 1).

This can bee seen as a major change in collective sense making, as it became clear, that the
biochip would be more appropriate in an area, where it would improve X-analysis and save
time for customer and their customers. At the same time, the fascination in delivering a
“smart solution” to all customers was partly abandoned but was still considered to be impor-
tant as a way of developing the biochip for new customers later on. The importance of collec-
tive sense making in relation to identify the customers and understand how they can use the
biochip lead to the linking of technology to the market (Dougherty 1992). But to cite Hanks
& McCarey (1993) “Visions without action is dreaming; while action without vision is a shot
in the dark.”

Developing collective technological competencies through interaction

The collective competence to produce the whole biosensor made it necessary to coordinate
the independent activities in design, process, and characterising and biological test. In the be-
ginning, the focus was mainly on coordination between design, process and characterising, as
this was essential for the existence of the venture. The construction of a biochip was based on
developing the core technology into a functional and reliable biochip, which is necessary for
developing the biosensor. This implies that there are three important milestones to construct
the biosensor: They are 1) developing the core technology, 2) developing the biochip, and 3)
developing the biological test as can be seen in figure 1.
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Figure 1. Milestones and knowledge bases in developing the Biosensor.
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During the early start, John 1 experimented in the physics-lab to optimise the processes and
identify the recipes, which should be used to make the biochip. The recipes were only altered
very little after the first newcomers were engaged. The activities during processes are consid-
ered as routine for the employees working in the physics-lab. Even though the new physics
Jane 2 & John 4 who entered the new venture did not know the technology, it was very easy
to carry the task out, as they were used to work in physics-labs as they both had worked in
R&D departments conducting basic research.

“It is one of our principles — if you want the technology to function, then you are better of us-
ing the same procedures during production. If you change too much at one time, you cannot
be sure of anything. When we changed to another material, we had no sense of what we were
doing. If we are changing something important or too much, we must accept that it will take 6
month to get on top again” (John 1).

The activities involved in the process of producing the biochip can bee seen as a fundamental
knowledge base for collective competencies among the physics team (John 1, Jane 2, & John
4), as the several different recipes involved in the making of the biochip is made explicit and
is fully known to everybody. This also made the coordination between design and biological
test simpler, as the reproducibility of biochips has become very high. But the combination of
the multidisciplinary made it necessary, not only to develop a shared meaning among the
members to develop the sensor ((Bouwen & Steyaert 1990), but also to develop a common
understanding between the different disciplines in order to collaborate. Especially when John
3 - the first biologist - became part of the development team. John 3 had to understand how
the biochip worked before he was able to develop the biological test.

“When we hired a biologist (John 3), we first had to give him a feeling of the difference be-
tween noise and signal. John 3 had a lot of experience in his own field, but we had been
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working with this technology for many years, so we had to make experiments in the bio-lab
together so he could get familiar with this new technology. During these experiments we real-
ized that the size of the biochip has to be changed. We had been focusing on optimising the
biochip, but during the experiments we realized that we had to optimise the chip according to
application” — the way the X-customers works with XXX analysis. (Jane 1)

The different knowledge bases in relation to design, process, characterising and biological
suggest, that the development of a biosensor can be seen according to pooled interdepend-
ence, but in order to develop the whole biosensor, the physics and biologists had to develop a
shared understanding as they are mutual interdependent. According to Hanson, this under-
lines the importance of social competence in order to act as a competent group (Hanson
2000) but also the importance of overlap between the individual’s knowledge bases.

Collective mind

In the literature of team working it is argued that the collective mind can predict team per-
formance (Sapsed, Bessant et al. 2002). According to Weick and Roberts, the collective mind
is something that characterises organisations that continuously require reliability and have
fully developed mental processes, because they have may have spent more “time and effort
on organising for controlled information” (1993: 357). One might argue that in new high-tech
ventures it is essential to spent time and effort on organising for controlled information in or-
der to secure progress in the development. However, the situation that they have to act on is
based on the outcome of numerous experiments, which takes place in developing a new tech-
nology. Even though they are able to acquire knowledge form different sources: social net-
works, scientific literature etc. they have to turn it into practice. As John 4 said during a meet-
ing: “I saw some very interesting results at a conference, but how they had accomplished it
was not obvious.” The collective mind in Biosensor is based on two rules “If you want some-
thing to function you better base it on something you know how to do.” and “Quick and

dirty.”

“The quick and dirty is a way to make a quick experiment to clarify if we are going in the
right direction” (John 2).

“I call the quick and dirty for proven principle. But it is not considered as final result but
something, which needs more attention. I have often experienced, that a single success during
a project have made the researchers continue based on one single success without closer at-
tention. And suddenly, this had a fatal outcome for the whole project” (John 1).

The phenomenon of the collective mind in Biosensor takes place during the weekly meeting,
when they follow up on the test they have done. The quick and dirty is not always based on
patterns of heedful interrelations between the members, but on one occasion they made a
breakthrough in understanding the combination of design and biological test. They saw an
image of the biochip — an actually could see the how the design and test functioned together.
The spontaneous dialogue that unfolded between the different members during that observa-
tion appears to be coordinated as the individuals contributed in representation of each other
and subordinated to the system. Even though it was obvious to everybody that this was a very
important breakthrough, they all had different explanations (or conceptions) as to what actu-
ally happened.
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Conclusion

This paper has tried to explain the development of collective competencies in new high-tech
ventures established as a research-based spin-off. Especially, the importance of the entrepre-
neurial team as fundamental for understanding the ability to develop collective competencies
in order to secure successful commercialisation. Even though I did not have a full story of a
successful venture, I have tried to illustrate the development of collective competencies in a
new research-based spin-off involved in developing a new technology. Despite most studies
try to identify collective competence after the venture has succeeded (Drejer 2001), I suggest
that new ventures provide an opportunity to study the development of collective competen-
cies during the innovation process, because it is revealed more and more as the new technol-
ogy begins to take form. The innovation process is thus seen as the arena for coordination of
activities and as an arena for the construction of collective competencies between the differ-
ent members of the entrepreneurial team.
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