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Abstract

Seaton and Cordey-Hayes [1] have drawn attention to many of the limitations and deficiencies
in traditional technology transfer mechanisms. They argued that this was largely due to the
dominance of the linear model of innovation on conventional thinking. Furthermore, they
presented an alternative model of technology transfer (accessibility-mobility-receptivity) which
emphasized the interactive nature of the process and highlighted the absence of any substantial
research within the area of receptivity. This paper continues from that 1993 paper and focuses
on the concept of ‘receptivity’ in the context of inward technology transfer.

A conceptual framework is developed which identifies four major components of the inward
technology transfer process. These are: ‘awareness’, ‘association’, ‘assimilation’ and ‘application’.
Using this conceptual device, a series of studies is conducted within a number of businesses
within ICI Chemicals and Polymers Lid.

The conclusions indicate the imporiance of non-routine activities and effective communications
berween credible boundary-spanning individuals. These are key aspects of the assimilation of
new knowledge and the inward transfer process. This requires successful organizations not only
to be efficient and competitive at their routine business in order to survive in the short term, but
also to make room for opportunities for these creative, non-routine assimilation processes, which

are more stochastic in nature, if they are to remain competitive in the long term.

1. Introduction

A recent study of firms in Sweden, Japan and
the United States revealed that the external
acquisition of technology was the most prominent
technology management issue in multi-technology
corporations [2]. The role of traditional R&D
management, particularly in Western technology-

* Now at Portsmouth Business School, University of Ports-
mouth, Locksway Road, Southsea, Hampshire PO4 8JF, UK.
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based companies, has focused on the management
of internal R&D. The study suggests that the
external acquisition of technology emphasizes
increasingly important challenges and new
responsibilities for technology managers. Similarly,
recent research by Rothwell [3] has highlighted
the importance of external networks in facilitating
the innovation process. The research revealed that
innovative small and medium-sized enterprises
(SME:s) have dense external networks in a variety
of marketing and manufacturing relationships.
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These linkages are often informal alliances and
industry associations. Nonetheless, these networks
are often the stage upon which much know-how
is exchanged [4, 5). However, it appears that not
all firms have the capacity to forge and develop
effective external linkages, formal or informal.
Rothwell and Beesley [6] posit that the most
significant factor determining an SME’s propensity
for and ability to access external technology is
internal to the firm; most notably “the employment
of qualified scientists and engineers (QSE) and
the outward-lookingness of managers”. In other
words, the lack of internal technological know-
how can inhibit external know-how accumulation
and a firm's receptivity to externally developed
technology. In earlier papers, the capability of an
organization to engage in knowledge transfer,
accumulation and learning has been called recep-
tivity {1] or absorptive capacity [7].

The notion of ‘receptivity’ advocated by Seaton
and Cordey-Haves [1] suggests that there are
certain characteristics whose presence is necessary
for inward technology transfer to occur. In a
similar vein, but within an R&D context, Cohen
and Levinthal [7] put forward the notion of
‘absorptive capacity’. In their study of the Amer-
ican manufacturing sector they reconceptualize the
traditional role of R&D investment as simply a
factor aimed at creating specific innovations. They
sce R&D expenditure as an investment in an
organization's ‘absorptive capacity’. They argue
that an organization’s ability to evaluate and utilize
external knowledge is related to its prior knowledge
and expertise and that this prior knowledge is, in
turn, driven by prior R&D investment.

The importance of a strong research and inno-
vation tradition was also highlighted by Freeman
[8], who showed the dominant role played by a
few leading companies in the world chemical
industry over a long period. Freeman suggested
that this long period of innovative success was due
to ‘technological accumulation’, and that “such
accumulated strength and experience appears to
outlive particular individuals”, This suggests that
it is the organization, rather than the individuals
who pass through it, that is responsible for
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accumulating and retaining technical competence.
The issue of an organization’s capacity to acquire
knowledge was addressed by Nelson and Winter
[9] who emphasized the importance of ‘innovative
routines’, suggesting a need for some structure.
They argue that the practised routines that are
built into the organization define a set of actions
that the organization is capable of doing confi-
dently. These routines are referred to as an
organization's core capabilities. It is important to
note that the notion of routines here does not
necessarily suggest a mechanistic structure. The
point is that, over long periods of time, organiza-
tions build up a body of knowledge and skills
through experience and Jearning-by-doing.
Defining precisely what activities are required
on the part of the organization and the individuals
within it is not explored by any of the above
authors. So while there is some conformity on the
importance of the accumulation of organizational
knowledge and capabilities, there is little written
about the processes required by the organization
to achieve this desirable state of ‘receptivity’. (A
similar argument is made by Bessant ef al. [10]
who advocate a need to develop understanding of
the routines associated with ‘incremental
innovation’.) Hence there is a need to uncover the
internal organizational processes that contribute to
‘receptivity’. A simple conceptual framework is
developed that captures the main elements of the
inward technology transfer process. This frame-
work will be used to analyse the inward technology
transfer process to uncover the activities involved.

2. The external search for technology: a
case study of ICi

During 1989 ICI Chemicals & Polymers Ltd
(C&P) established a Technology Trawling Group
(TTG) to search for technology that the organiza-
tion could use to build a new business for the
C&P group. The process of acquiring externally
developed technology, bringing it back into ICI
and utilizing the acquired technology proved to
be far more complex than was originally envisaged.

Technovation Vol. 15 No. 1
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It became clear that in order to successfully
transfer externally developed technology into an
organization it was necessary to understand the
process from the viewpont of the ‘receiving’
organization.

To contribute to this understanding, a series of
studies was designed to examine the organizational
factors involved in the inward technology transfer
process. Qur earlier research indicates the inward
transfer process could be envisaged as a series
of stages, which have been called awareness,
association, assimilation and application [11). The
first study aims to uncover the factors involved in
awareness and association and the second explores
the assimilation process, using cognitive mapping.

The initial investigation set out to uncover
information from a variety of people within the
organization who had been involved in previous
attempts to acquire technology from the TTG.
This initial investigation used a semi-structured in-
depth interviewing technique. The aim was to get
the participants to discuss the general area in their
own terms. The following factors were uncovered:

e the technology did not complement existing
activities;

e the business possessed insufficient technical
knowledge of the new technology;

o the business possessed insufficient commercial
expertise in the area where the technology was
to be applied;

® the business had previously examined very
similar technology;

¢ the technology did not fit with areas the business
was currently trying to exploit;

¢ the technology did not complement the busi-
ness’s future plans.

The TTG had great difficulty in trying to get the
businesses to articulate the technology that would
be of interest to them. The typical response was
“If we knew what we wanted we would go and
get 1t!”,

The businesses were only able to define the
broad area of interest. Decisions were based on
tacit knowledge of the business. Individuals within
the business were aware of what type of technology

Technovation Vol. 15 No. 1

was required, what type of technology would
work, and they were also aware of the needs of
their customers. However, the relevance and
importance of each of these issues were held
within different parts of the business.

It was also clear that the business did not have
technology requirements that could be easily
articulated in the form of a simple ‘shopping list’.
Their technology needs involved a variety of issues.
Furthermore, the inward technology transfer pro-
cess appeared to concern the ability to link technical
opportunities with commercial opportunities and
match these with internal technical and commercial
capabilities. As if this was not enough, it also
concerned developing ‘interest” and ‘enthustasm’
among people within the business to ensure the
technology was applied effectively.

ICI C&P and the R&T department in particular
absorb vast quantities of information every day.
Every scientist, technologist or commercial
employee collects and gathers information in a
huge ‘osmosis process’. This is achieved via a
wealth of information sources made available by
the organization (see Table 1).

3. The development of the 4A model as
a framework for inward technology
transfer (‘receptivity’)

It is argued that inward technology transfer will
be successful only if an organization has not only
the ability to acquire but also the ability to
assimilate and apply ideas, knowledge, devices and
artefacts effectively. Organizations will respond to
technological opportunity only in terms of their
own perceptions of its benefits and costs and in
relation to their own needs and to technical,
organizational and human resources. The process
view of inward technology transfer, therefore, 1s
concerned with creating or raising the capability
for innovation. This requires an organization and
the individuals within it to have the capability to:

e search and scan for information which 1s new
to the organization (awareness);
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e recognize the potential benefit of this infor-
‘'mation by associating it with internal organiza-
tional needs and capabilities;

e communicate these to and assimilate them within
the organization; and

e apply them for competitive advantage.

These processes are captured in the following
stages: awareness; association; assimilation; and
application. This four-stage conceptual framework
(4A) is developed in [12] and is used to explore the
processes involved in inward technology transfer.
Awareness describes the processes by which an
organization scans for and discovers what infor-
mation on technology is available; association
describes the processes by which an organization
recognizes the value of this technology (ideas)
for the organization; assimilation describes the
processes by which the organization communicates
these ideas within the organization and creates
genuine business opportunities; and application
descnibes the processes by which the organization
applies this technology for competitive advantage.
The 4A model is a conceptual tool that is used as
a way of studying the process of inward technology
transfer. The development of the conceptual frame-
work 1s explained below.

3.1 Awareness — the first stage

It has long'been recognized that a key character-
istic of technically progressive firms is their high
quality of incoming information [13). Many other
studies have since demonstrated the value and
importance of external information for successful
innovation. For example, SPRU’s Project SAP-
PHO confirmed the need for high-quality external
linkages [14-16].

Each organizdtional research effort or techno-
logical activity represents a fraction of the world’s
total scientific and technological activity, Organiza-
tions are constantly surprised by the amount of
technology that is around that they do not know
about. Hence organizations must somehow ensure
their personnel are aware of technological develop-
ments done elsewhere. During the 1960s and 1970s
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this question of how to keep personnel aware of
technological developments was the subject of
intense study [17-20]. Some interesting and useful
concepts were developed that helped to improve
our understanding of the complex nature of how
individuals within organizations acquire technologi-
cal information. Recent literature from Japanese
management scholars, developing a contemporary
frame of reference in firm management, has
emphasized the importance of ‘tacit knowledge’
in the innovation process [21-23].

“Tacit knowledge is highly personal. It is
hard to formalize and, therefore, difficult 1o
communicate to others. It is deeply rooted in
action and is context specific. It is embodied
by the term know-how. Itis difficult to articulate
meaningful know-how in text and figures . . .
The knowledge is alive because it changes
continuously” [22].

Scanning by individuals on behalf of the organiza-
tion is often regarded as an informal and unassigned
activity. But in order for individuals to practice
the process effectively organizations must recognize
the value of the activity. It appears that because
organizations are unaware of its value they do not
provide the organizational support for the process.

In the 1960s, research at the Massachusetts

Institute of Technology developed the notion of -

the ‘gatekeeper’. Allen and Cohen [18] developed
the research further by suggesting that ‘gatekeep-
ers’ were also ‘information stars’ that possessed a
high degree of awareness of the external environ-
ment. A criticism of Allen & Cohen’s work is that
it tends to suggest that organizations should have
a number of key scanners who are responsible for
the collection of information for the organization.
Although gaining information from the external
environment for use by the business was often
regarded as a senior management activity, evidence
suggests that there is no greater overall scanning
activity by upper-level management than by
middle-level management [24-26).

Given the importance of the need to be aware of
external information and the role of technological
scanning and networking that appear to enable an

Technovation Vol. 15 No. 1
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organization to access this wealth of potential
knowledge, “awareness’ is seen as the necessary
first stage in the inward technology transfer
process. It is defined as being informed and vigilant
of one’s technical and business environment, using
a variety of information sources, especially the
processes of scanning and networking (see Fig. 1).
Scanning is defined as purposeful search and
undirected viewing, often termed browsing. It
includes informal and formal, structured and
unstructured methods of information search. The
use of networks or ‘networking’, as it is often
called, is the process of interaction with other
people, resulting in the informal trading of knowl-
edge [27). This includes formal and informal
interactions. Hence the development of the follow-
ing two propositions:

e [Pl] Effective scanning depends on the explicit
recognition by the organization of the role of
technical and commercial scanning.

o [P2] Effective networking depends on the explicit
recognition by the organization of the role of
networking.

3.2 Association — the second stage

Many internal organizational needs are not
expressed explicitly as a need, but may be more
appropniately described as ‘opportunities’ that
exist. Virtually every organization will possess a
vanety of opportunities; many of these may remain
unfulfilled, others will be taken and changes
introduced. For example, ‘opportunities’ often
exist to improve a manufacturing process or a
product by reducing costs associated with it. These
opportunities tend to be needs that are not
perceived in technical terms. In a study of small
firms, Anstey [28] found that small businesses do
not perceive their needs in technological terms.
They are often seen purely in financial terms of
reducing costs and increasing revenue, As a result,
business opportunities are not perceived, and
certainly not expressed, by the business as a
technology requirement. Hence, such companies
would be unlikely to be involved in technology
scanning.

Technovation Vol. 15 No. 1

In order for an organization to search and scan
effectively for technology that will match its
business opportunities, it needs to have a thorough
understanding of its internal organizational capa-
bilities. It appears that this can be effectively
achieved via the processes of internal scanning
and networking, which will enable it to become
familiar with its internal activities. The coupling
of internal technological scanning with external
technological scanning activities can be seen in
Fig. 1.

Inward technology transfer involves more than
identifying interesting technology; it is necessary
to match technology with a market need, thus
producing a potential opportunity for the business.
Hence, the scanning process needs to incorporate
commercial scanning as well as technological
scanning so that technological opportunities may
be matched with market needs (see Fig. 1). The
strategic management literature offers much advice
on the innovation process, particularly on the need
to couple technology with market needs [29-31}.
But 1t fails to say specifically how to do it.

The process described above, and shown in Fig.
1, explains how firms can amass both technological
Xnow-how and commercial know-how. However,
to exploit technology the firm must have a range
of internal business capabilities, part of which
includes the appropriate technical skills. Further-
more, it is the assimilation of these potential
‘business opportunities’ with the organization’s
capabilities that will create viable business opport-
unities. Finally, the coordination of these organiza-
tional resources is necessary for successful tech-
nology transfer and the ultimate production of
competitive products [32]. Hence the development
of Proposition 3;

® [P3] A thorough understanding of the business’s
operations, markets, capabilities and future busi-
ness plans is essential for effective scanning and
networking.

Many people fail to recognize that using other
people’s information is much more difficult than
using their own [33]. Others have developed their
information often over a long period of time, with
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Technical
opportunitics

Assimilation
of internal
technical

Trading

noise!

opportunitics

Fig. 1. The awarcness and association processes = Tuned scanning and noise! (See [11, 12) for a more detailed explanation of the development of
this modecl.)

the unwitting help of many different people and
using organizational routines and techniques that
are not easily explained or transferred. Further-
more, much of this information is tacit knowledge.
Consequently other people’s or firm’s technology
may not fit the circumstances of another firm.
Tushman and Scanlan [34) argue that there is no
evidence to suggest that information gathered
from external sources is disseminated within the
organization. ‘
Technology can be effective only if it is fully
integrated into the firm’s activities. This can be
achieved only if the new technology is aligned
with existing competences, both technological [35]
and commercial. A study by Adler and Shenhar
[36] of two companies in the defence industry
suggested that the technological base of the
organization incorporates more than just the physi-
cal technology and technical skills held within the
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organization. They argue that it includes four
components: technological assets, organizationa]
assets, external assets and projects. This more
realistic assessment, by Adler and Shenhar, of an
organization’s technological base shows how the
various components of an organization are inter-
related. The inclusion of its external networks is
an important point. The formal and informal links
an organization has developed, often over many
years, are a valuable asset.

The preceding discussion highlighted the import-
ance of maintaining a high degree of awareness
of both the internal activities and the external
opportunities available to an organization. The
inward technology transfer process appears to be
dependent on the creation of linkages between
internal and external situations and commercial
and technical opportunities. This process appears
to be made almost exclusively by individuals on

Technovation Vol. 15 No. 1
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behalf of the organization, who are able to combine-

these linkages [37, 38]. This process of ‘association’
is seen as the second stage in inward technology
transfer.

Beji [39] stresses the importance of accessing
external knowledge rather than external infor-
mation, and warns: “a firm looking for knowledge
is likely to encounter all kinds of information in
its environment™. The concept of signal-to-noise
ratio can be usefully applied to the scanning
process. External scanning without a full under-
standing of the organization’s capabilities and
future requirements is likely to produce much
noise along with the signal. Thus ‘tuned scanning’,
via internal assimilation of an organization’s activi-
ties, as opposed to ‘untuned scanning’, will produce
a higher signal-to-noise ratio.

The complete tuned scanning process (shown
diagramatically in Fig. 1) ensures that the scanning
activities are tuned into the appropriate needs of
the business. This ensures that all identified
technology and marketing opportunities are assimi-
lated with existing technical and commercial com-
petences, that is ‘organizational capability’. The
result is a process that produces a high level of
business opportunities for consideration by the
business as opposed to ‘noise’ in the form of
information that is inappropriate for consideration
by the business. Furthermore, without tuning, the
scanning process may consume vast amounts of
resources without producing any benefits (see Fig.
1). Hence the development of Proposition 4:

o [P4] The coupling of internal and external,
technical and commercial scanning will produce
business ‘associations’.

3.3 Assimilation — the third stage

The next stage of the inward technology transfer
process is commonly referred to in the literature
as ‘adoption’ [40, 41] and is dominated by refer-
ences 10 ‘champions’, either product or business.
Such key people, it is argued, are required in
order to promote the business idea internally
and push the idea through to final exploitation.

Technovation Vol. 15 No. 1

However, it would appear that the so-called process
of adoption of technology by the organization is
a far more complex process than some Writers
would have us believe. The role of a champion is
only one of many different factors, not least of
which is the integration of new technology with
the existing knowledge base of the organization.
This demonstrates the ‘need to understand the
activities undertaken by the organization in jearn-
ing about the technology and then adopting it.
This *assimilation® stage of the inward technology
transfer process will be explored through the use
of an interactive modelling technique known as
cognitive mapping.

It is important to recognize that the knowledge
base of an organization is not simply the sum of
the individual knowledge bases. If this were the
case, and knowledge were held only at the
individual level, then organizations would change
simply by employee turnover. The wealth of
experience built up by an organization through its
operations is clearly not lost when employees
leave. The employment of new workers and the
retirement of old workers is not equivalent to
changing the skills of a firm. There are several
tangible representations of this knowledge such as
data banks of customers, operating procedures,
manufacturing quality control measures, as well
as less tangible representations such as tried and
tested ways of operating. Nelson and Winter [9]
argue that such learning by doing is captured in
organizational routines. It is evident that the
knowledge base of an organization will be greater,
in most cases, than the sum total of the individual
knowledge bases within the organization [42].
Recent writers from Japan suggest there is another
way to consider organizational knowledge, and
this is found most commonly in highly successful
Japanese companies. Nonaka [23] explains:

“The centre-piece of the Japanese approach is
the recognition that creating knowledge s
not simply a matter of processing objective
information. Rather, it depends on lapping
the tacit and often highly subjective insights,
intuitions, and hunches of individual employees
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and making those insights available for testing
and use by the company as a whole.”

The kﬁowledéc base of an organization is defined
here as the accurmulation of the knowledge bases
of all the individuals within an organization together
with the social knowledge embedded in relationships
between those individuals. These relationships are
often recognized as organizational processes and
procedures [23, 43]. The interactions and relation-
ships between individuals may be said to represent
a form of ‘organizational cement’ that performs two
functions: firstly, it combines individual knowledge
bases into a larger body of knowledge; secondly,
it enables individual knowledge bases to be
accessed by the organization, effectively via inter-
action with other individuals. '

The final stage in the inward technology transfer
process is the application of the business oppor-
tunity for competitive advantage. This is the stage
where the organization brings about commercial
benefit from the technology. This could be in the
form of increased sales through the launch of a
new or improved product, or through the result
of reduced costs.

4. Results from the studies

Two separate studies were undertaken to
uncover the factors involved in three of the four
stages in the inward technology transfer process.
A structured interview technique was used in the
first study to examine ‘awareness’ and ‘association’.
The first study examined the four propositions
presented earlier in Section 3. The second study
used an interative modelling technique, known
as cognitive mapping, t0 uncover the activities
involved in ‘assimilation’.

The findings from the first study confirm the
importance of scanning and networking. All the
participants expressed the importance of these non-
routine activities in providing useful information.
Furthermore, the findings revealed that effective
scanning and networkng by individuals on behalf
of the organization are dependent on the recog-
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nition by the organization of the importance of
these activities (Propositions 1 and 2). Without
the support of the organization, an individual is
clearly limited in the extent of activities in which
he/she may engage, no matter how well-inten-
tioned. For example, if the organization does
not actively encourage its employees to attend
conferences and exhibitions, to visit customers and
competitors, through the provision of resources
and a supportive culture, it is extremely unlikely
that these activities will be undertaken.

The variety of information sources made avail-
able to the businesses of ICI and the people within
those businesses (see Table 1), coupled with
the substantial resources provided for scanning
activities, is clear evidence of the commitment the
company has to ensure its businesses and its people
are aware of information that may be useful and
potentially valuable. Individuals within both ICI
businesses studied! spent substantial amounts of
time scanning for information, and several research
scientists spent the equivalent of one full working
day a week.

The provision of extensive library facilities,
including the availability of a wide variety of
journals, illustrates the organization’s recognition
of the scanning activity as a regular consistent
activity rather than an activity that is undertaken
occasionally or when a need has been identified.
There was also evidence from the findings that
ICI provides additional support, in terms of liberal
socialization controls and norms of behaviour, for
external informal interaction (networking). The
study revealed that interactions with people were
identified, by both the ICI businesses, as the most
useful souce of information above all other sources.
This was because of the ‘richness’ of the infor-
mation that could be gathered in the form of tacit
knowledge. This view is supported by Nonaka [22],
who stresses that the creation of new knowledge is
dependent on the recognition by the organization
of the importance of tapping the ‘tacit knowledge’
of individual employees.

The study also revealed support for Proposition
3. The respondents from both businesses showed
a thorough understanding of the needs and capabili-

Technovation Vol. 15 No. 1
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TABLE 1 The range of information sources made available by the organization and used by the participants

() Joumals

(1) Information scientists

(iii) On-line external databases

(iv) Browsing in the library

(v) Conferences & exhibitions

(vi) Company accounts

(i) Visits to other chemical companics
(viit) Internal meetings

(ix) Intemal business reports

(x) Social friends

(xi) Mectingshisits withto customers
(xii) Acadcmic contacts

(xiii) Trade associations’competitors
(xiv) Compcetitor analysis

(xv) _ Meetings with suppliers

(xv1) Consultants/Consultants’ reports
(xvii) 1C1 Patent department

(xwiii) Government departments

ties of their business. This was fostered through
the use of a matrix organizational structure and
the use of business teams. These facilitated
additional lines of communication within the
organization, which enhanced internal awareness
of the business’s activities (Proposition 3). This
framework has led to a style of management
that emphasizes information communication and
provides a great deal of freedom and autonomy
for individuals. This, in turn, demands a high level
of mutual confidence and respect from everyone
involved in order to ensure the organization
functions effectively. (It has also previously been
described as ‘fuzzy’ {44).) Hence there is evidence
that ICI recognizes the importance of ensuring its
individual employees are aware of the internal
needs and capabilities of their businesses. In
particular it recognizes the importance of internal
informal interaction (networking) and supports the
process through the provision of the following:

¢ an ‘open’ and informal style of management;
® a matrix organizational form;
® business teams.

Collectively, these three factors provide an environ-
ment that values information as a commodity and
facilitates the development of a high level of
internal awareness of the business’s capabilities,
activities and future plans. Hence, there is support
for Proposition 3 and the overall theory on
networking.

The quantitative and qualitative analysis of the
data? revealed few discernible differences in the
extent of scanning and networking undertaken

Technovation Vol. 15 No. 1

by the two businesses. There was, however, a
noticeable contrast in the fype of scanning and
networking activities. The analysis revealed an
even distribution of commercial and technical
scanning within ICIw and a concentration of
commercial scanning within 1Cls, thereby revealing
that the ICIs business undertakes very little
technology scanning and networking; hence, the
opportunities generated are in the form of ‘trading
associations’ (commercial opportunities), and
consequently there are few genuine ‘business
associations’ created. The 1CIw business, however,
undertakes a range of technical and commercial
scanning and networking activities which tend to
generate genuine business opportunities. This is
confimed in the histogram in Fig. 2, which
shows that considerably more genuine business
associations have been created by the ICIw business
than by the ICIs business as a result of its scanning
and networking activities.

4.1 Uncovering the process of assimilation

Cognitive mapping was used in an attempt
to uncover the internal activities involved In
assimilation as perceived by the individuals within
the organization. Ackerman, Cropper and Eden
[45<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>