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Factors in Acquiring Technology

Practical elements of technology
to be considered by user firms
acquiring foreign technologies

BY HOPE H. CAMP JR.*
and HARVEY W. WALLENDER IIT*

Transfer of technology is an issue debated widely by
governments, intergovernmental organizations, multi-
national corporations, and developing country user
firms. At the international level, the debate centers
primarily around mechanisms aimed at restructuring
how technology is transferred in order to provide terms
more favorable to the developing countries.

At the level of the user firm, the discussion is quite*

different, reflecting a growing recognition that the
long-term success of individual firms, especially those
engaged in exporting activities, relates to their ability
to identify, plan for, and acquire useful technologies.
Successful planning for acquisition of technology, how-
ever, requires having some framework against which
to display various factors in the transfer process.
Techndlogy transfer relates to the transmission and/
or creation of knowledge that, when applied to an
organization, results in 4 change in operation. The
introduction of technology that does not change the
firm’s behavior may imply that it is not being absorbed
in full, and should alert firm managers to the need for
reassessmg its value to the firm. The assumption be-
hind acquiring and applymg foreign technologies is
that they will result in. increased volume, lowered
costs, improved products, or some other advance of
corporate interests. A basic set of concepts for viewing
technology transfer, will aid managers in planning for
technology acquisition and in contro]llng its transfer.
The set of concepts presented here is intended to aid
a managér plan for technology acqulsltmn by outlining
critical questlons as follows:
° What type of knowledge do1 need"
e How will it be transferred to me?
¢ What type of technology is most applicable to
the stage of | my proj jects?
o What are the sources of technology available
to me"
° What other. conmderatlons, beyond the scope
of my specific needs, must be taken into account?

TECHNOLOGY AS KNOWLEDGE

Common ways of differentiating types of technology
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are to describe its legal status as publicly or privately-
owned or to categorize it as hardware or software. A
more comprehensive view defines technology in terms
of types of knowledge that can be imported and applied
to different business activities (Peno, Svennilson).
This broader view categorizes five types of knowledge,
as follows:

General knowledge is knowledge available to the
public environment (libraries) or gained in the univer-
sity environment. A mechanical engineering degree
and a law degree are examples of general knowledge.
However, it should be noted that this kind of knowl-
edge does not necessarily bring with it the specific
techniques or skills necessary that make it or technol-
ogy useful to an organization.

Industry-specifce knowledge is that technical knowl-
edge common to an industry and possessed by all firms
within it. For example, knowledge of the pharmaceuti-
cal industry — that is, an understanding of the general
manufacturing and marketing practices for pharma-
ceuticals — is industry-specific knowledge. This kind 43
of knowledge is especially useful for general managers
and others who do not execute technical tasks in such
areas as production and research and development.

System-specific knowledge refers to know-how
necessary for managing a particular process, tech-
nique or system. The fermentation process of a
pharmaceutical company is characterized as system-
specifiec knowledge, as are the assembly of automobile
doors and the production of particular electronic
components. Other firms, producing similar goods
would, in the course of actual operation, probably ob-
tain a similar type of knowledge.

Firm-specific knowledge is that knowledge unique to
an individual firm. Such knowledge is not necessarily
linked to the production of any given product and may
derive from activities peculiar to a single firm. It may
include technical knowledge that would go beyond
what another firm producing similar products might
acquire. For example, the Pfizer fermentation process
is legally protected as a proprietary system of that
company. Firm-specific knowledge is generally ac-
quired through special licensing agreements or joint
ventures.

Ongoing problem-solving capability developed
through experience is the know-how that is necessary
for solving production and process problems on a con-
tinuing basis.

MECHANISMS FOR TRANSER

Defining technology as knowledge provides a com-
prehensive view of the overall know-how that may be
brought into a firm. It does not, however indicate how
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that know-how is imported. Describing the mech-
anisms through which knowledge is transferred can
assist managers in planning for acquisition of technol-
ogy and for seeking, appropriate sources (Behrman,
Wallender, 1976).

Training is perhaps the most important mechanism
for transferring skills, ideas, and techniques. Many
firms have some type of formal program through
which they train workers and managers in different
skills. However; the majority of companies develop
their manpower through on-the-job training. That is a
practice in which companies place empleyees in situa-
tions with experienced workers in order to learn skills
from them. In on-the-job training, a parallel develop-
ment process occurs. First, skills are transferred from
one individual to another. Second, both the experi-
enced and the new workers are learning through
actual operations. Because training is so critical a
component of technology transfer, many licensing
agreements or joint-venture contracts specify that a
certain number of experts must be brought into the
firm to work with staff.

Machinery and equipment represent a traditional
embodiment of industry-and-specific-system knowl-
edge. When acquiring machinery, most organizations
also recelve manuals and training assistance and may
receive periodic visits from experts who aid in the
maintenance and operation of the equipment.

Printed materials represent ancther major mech-
anism through which information and knowledge are
acquired. As noted, technology purchasers generally
are provided with manuals, training aides, and other
kinds of information. These reference materials and
manuals comprise valuable background information
that can be used to maintain and develop different
technological systems.

Continuing information support is an important ele-
ment in the maintenance of technology systems. It is
important to keep -abreast of developments in other
industries as well as noting changes in the firm’s own
industry. In many cases, purchasers of technology
overlook requiring that the supplying firm periodically
send information on industry modifications and
updated manuals and circulars.

Exchanges of personnel comprise a function similar
to training in that cross-fertilization of company and
organization activities can occur. A variety of public
and private assistance organizations act as vehicles for
exchange of company personnel and experts. It is often
necessary to require firms supplying technology to
allow personnel exchanges as part not only of training
but also of the innovation and change processes possi-
ble through application of technology.

Transfer of personnel is a more permanent mech-

“anism for acquiring technology. It is difficult in many

cases to acquire needed experience or technology
quickly. One way of circumventing this obstacle is to
arrange permanent or long-term transfer of knowl-
edgeable staff from the source firm.

The Educational Component of technology transfer
is an important link in the chain of information trans-
fer just described. The level of education of the
acquiring company or the host country in general is
the first and the key question that must be addressed.
If the levels of learning and skill are not judged to be
sufficient for effective transfer, either the transfer

cannot occur or it will be substantially slowed and
much more expensive. The following criteria for judg-
ing the educational infrastructure are helpful:

1. To what degree is vocational training available
and to what extent has it been utilized by the acquiring
company and/or its employees?

2. What is the level of technical awareness and to
what extent have the acquiring company’s employees
or the society in general been exposed to the use of
technical equipment?

3. What is the level of professional technical knowl-
edge? How many of the firm’s employees have profes-
sional technical training? What is the level of
professional technical training in the society as a
whole?

4. Are there effective programs for continuing
education in technical areas?

All of the foregoing questions should also be asked
with respect to the level of line or professional skills.

STAGES OF PROJECT DEVELOPMENT
ANDTYPE OF TECHNOLOGY

A third set of factors useful in planning acquisition
of technology is the particular stages of a specific
project and the concomitant technologies required. In
most cases, the skills required for one stage differ from
those necessary for another stage.

Planning and marketing analysis, normally the first
stage in the development of a particular project, is
characterized by its own particular techniques, and is
often overlocked as an available and critical technol-
ogy.

Design and construction activities characterize a
second aspect of a program’s development. In virtually
any large-scale project, the construction materials,
specific layout of a plant, and particular planning for
operations must be assembled by design and construc-
tion experts and specialists.

Start-up operations is where the major training of
personnel and equipping of the facility occur. Machin-
ery is put in place and tested as managers and techni-
cians are trained and the overall management system
established. In this stage, most companies focus pri-
marily on how to install and operate particular
machinery. It is critical, however, that special atten-
tion be paid to the supporting systems such as account-
ing, control procedures, and financial planning.

Value engineering begins almost immediately after
the facility has begun operation. Many firms fail to
recognize the dynamic traits of technology and over-
lock the necessity of organizing the firm so that it can
begin immediately to adapt and modify its technologi-
cal base. The sophisticated firm places great emphasis
on its ability to increase the value of its plant through
continual modifications and improvements. Long-term
efficiency of the firm lies in part in value engineering
or the constant attention to modification and updating
of the plant.

Research and product development generally begins
soon after the plant has stabilized its activity and is
capable of organizing its internal capability for change
and improvement. R&D or special product activities
can never take place in a vacuum and always reflect
the traits peculiar to an individual firm and its envi-
ronment. A firm must develop its internal capacity to
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change and exploit technology, regardless of whether
it is developed in its own R&D laboratories, purchased
from abroad, or acqulred through the local environ-
ment.

Appropriate Technology. Cutting across all of the
foregoing stages of project development is the ques-
tion: Is technology to be acquired appropriate to the
project, the firm, the country, and the eulture in which
it will be used? Appropriate technology is that knowl-
edge which can be matched and blended with not only
the perceived future needs of a project, company, or
country, but also with the cost/benefit analysis of the
project or company needs, the capacity of the work
force to sufficiently absorb it for economical results,
and the terms upon which the host government and
culture will permit its entry.

For example, if the overriding objective of the tech-
nology is the automation of tasks done by human
hands, it may not be readily absorbed by the acquiring
firm because of a'lack of technical capability to operate
and maintain the equipment associated with it. Addi-
tionally, where unemployment levels are high neither
the emplovees, the unions that represent them, nor the
host government will cheerfully accept a technology
that rediices employment.

ALTERNATIVE SOURCES OF TECHNOLOGY

A fourth set of factors which must be considered in
planning for acquisition of technology relates to the
different sources of technologies for project stage that
can be supplied by a variety of sources, each of which
has particular costs dnd benefits.

Equipment manufacturers are the most traditional
source looked to by developing country firms for ac-
quiring machinery ‘and production techniques. The
popularity of equipment purchases stems from the ag-
gressive marketing by manufacturers. The supplying
firms also aid the client in diagnosing his real needs as
well as providing him with training and assistance in
order to use the appropriate machinery. The limitation
of this approach’ is-that the technology purchaser is
often limited to those source firms which have made
contact with him. Due to lack of planning for technol-
ogy acquisition and use, he tends to respond in a reac-
tive ‘manner to what is made available instead of
pursuing an aggressive technology search plan of his
own.

Technology 11censors are another standsard source for

acquiring technology. Licensors traditionally have

licensed a formula, trademark, or particular technique
without any other assistance. More recently, however,
a growing concern among technology users is'gaining
adequate access to training and other assistance that
ensures that they, as licensees, are able fully to exploit
the transferred technology. Thus; more and more

‘licensing contracts are being combined with technical

assistance agreements that provide adequate training
and continuing assistance tothe technology user.
Technical assistance is often purchased indepéndent
of licensinig or equipment sales and is available from
many suppliers of technology. A user firm may need

.access to 'skilled  technicians, managers, .and other

professionals not available locally. For example, it is
not uncommon for a large firm purchasing supplies

from a smaller firm to provide technical assistance to
that firm for improved quality control or production
techniques. Increasingly, supplying firms are willing
to enter into technical assistance agreements with
smaller firms as a useful way of developing long-term
relations with customers.

Consultants are an extremely valuable mechanism
for providing short-term technical assistance and
specific professional assistance. Many firms underses-
timate the engineering and managerial problems as-
sociated with technological improvement. For
example, without sufficiently developed planning, con-
trolling, and organizing systems, the user firm often
fails efficiently to exploit the technology it can acquire
through a licensing or equipment purchasing agree-
ment.

Use of consultants is one method of correcting a defi-
cient management function that will enable the firm
fully to exploit technology over the long-term (Wal-
lender, 1979). In addition, consultants can be used as
personnel to provide system assistance to accomplish a
short-term task. Consulting firms tend to work with
client firms using either a top-down or bottom-up ap-
proach. Those consulting firms more concerned: with
establishing long-term planning and organizing sys-
tems generally begin at the top and work down
through the company to assist in implementing
recommendations.

Upward

However, there are as well a variety of firms such as

the Institute of Management Resources that begin at
the production level and work upward. This upward
moving consulting allows for immediate improve-
ments in. quality control and production efficiency,
with a subsequent movement into longer term issues
such as planning and new organization concepts. This
type of consulting approach is especially useful when a
firm is considering new equipment or licensing trans-
actions.
. Turnkey projects have been popular for some time as
4 way to acquire all initial planning, design, and start-
up operations without committing to a long-term as-
sociation with the supplier of technology. A typical
turnkey operation provides the client with technology
necessary for establishing and operating a plant in the
short-term. Once the plan is operating according to
contracted specifications, the technology user steps in
and-assumes operating responsibility. Turnkey opera-
tions more and ‘more are complemented with long-term
technical assistance agreements to assure confinuity
of operations and effective evolution of the original
turnkey package. The difficulty in a turnkey operation
is knowing precisely what technologies are needed and
being :able to control the turnkey supplier throughout
the entire technology transfer process. Again, this re-
quires good planning and control guidelines.

Joint ventures with foreign firms provide long-term
and stable techmnology relationships. Increasingly,
international firms are looking for joint-venture part-
ners through which they can operate in local environ-
ments. In. a traditional joint-venture operation, the
foreign supplier provides technological support to keep
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the local partner competitive and growing. The major
drawback to joint ventures stems from conflict over
managerial control and direction.

Personnel Worklng -in other firms are often over-
looked as a major source of technology. An essential
component of technology improvement is locating and
hiring new forms of manpower. One of the easiest ap-
proaches to installing a new system is simply to hire
appropriately trained personnel from other firms.
Large companies are competing more and more with
each other for acquiring and holding on to valuable
management or technical skills. Relying on personnel
in other firms as a major source of technology requires
a sophisticated view of personnel and management
development programs in order to offer incentives
sufficient for attracting and, equally as important,
holding employees.

OTHERISSUES AFFECTING INTERNATIONAL
TRANSFER OF TECHNOLOGY

Developing an internal planning capability for the
acquisition of technology is only one step management
must take regarding issues of transfer and develop-
ment of technology. In recent years, intergovernmen-
tal organizations and governments have become much
more concerned with how technology flows from firm
to firm and country to country. As a result of their in-
volvement in these issues, the business manager now
faces national and international regulations which af-
fect how he negotiates for and ultimately acquires
technology. Understanding the basic concerns of gov-
ernments and intergovernmental organizations can in-
crease the company’s ability to cope with a rapidly
changing public sector environment.

The cost of technology will continue to be a major
concern of the organizations regulating technology
flows. The value of technology for productivity and
industrial development results in large payments by
companies for technology. Governments are now estab-
lishing registries and control offices to monitor what
kinds of technology transfers are made.

Obvious concerns of governmerits are to maintain
control over their balarnce of payments and to assure
that there are not unacceptable social costs accompa-
nying technology transfers. Technology users and sup-
pliers' will face increasing pressure from the host
country governments to justify both the social and eco-
nomiccosts of technology exchanges.

The private sector’s experience in the transfer of
technology provides a good empirical base for estab-
lishing: methodology for valuing technoclogy. The pro-
cess of devising such a methodology for a particular

-technology should begin with a technology audit of ei-

ther the needs of the potential licensee or the techno-
logical capacities of the supplier.

The audit, if properly conducted, can give good
guidance as to the costs of the technology transfer and
the replacement costs of technology not transferred
but developed by the user, On the basis of this kind of
information, the social costs and benefits:of transfer-
red technology versus:indigenous development of it
can be dealt with in a practical manner when negotiat-
ing price.

After the negotiations between the potential user
and supplier are complete or at some point during such
negotiations, it will be necessary to obtain government
approval of the contract, including the price. There is,
therefore, a critical need to communicate to the gov-
ernment the value of the technology for national devel-
opment goals. Failure to effectively communicate the
value of the technology within this context may result
in government rejection of contracts. With those rejec-
tions go loss of needed technology to the user and loss
of business to the supplier.

Greater government control is another issue that
developing country managers must consider in acquir-
ing foreign technologies. Many have argued for a
stronger role for the host government in determining
how technology is transferred and utilized. For many
technology users and suppliers, this means a more
complicated technology transaction in that detailed ac-
counts of how technology is to be imported and ex-
ploited may be required by the government.

Governments may be a direct partner in a
negotiation for technology and may seek a seat on a
company’s board of directors. Both of these are exam-
ples of how a government may monitor how technology
is being used once imported. An area of concern for the
supplier firm’s home government is the possible export
of jobs and loss of competitive edge resulting from
transfer of technology. This concern may result in
greater control by governments of technology suppliers
over what technologies are transferred and under what
conditions. ‘

Unbundling is a strategy promoted by many econo-
mists as a way of reducing dependency of the user on
the supplier. The unbundling concept argues that the
user firm is often served better by buying individual
components of a technology package from a variety of
suppliers, because the user firm has greater choice and
bargaining control over the individual sources.

Shortcomings of the unbundling approach are that it
does not ‘engender significant commitment on the sup-
plier and that it assumes that the user firm has the
capability necessary to integrate and manage different
technologies from' different sources.” One argument
holds:that a firm just beginning its technology devel-
opment process is much better-served by having one
major supplier whose systems require little or no
adapting in order to be used together. -

It should be noted that the concept of unbundling is
in conflict with the concept of joint ventures.

Relocation of research and development is another
issue gaining popularity in the international debates
on transfer of technology. Since governments are con-
cerned with creating indigenous capability for technol-
ogy adaptation and development, they often put
pressure on the supplier and user firms to include in
their agreement some arrangement for greater labora-
tory research or analysis at the user firm location. This
practice often times adds greater cost to the transfer
negotiation.

In addition, because surplus management support
for decentralized research facilities is required, this
practice may discourage the supplier from entering
into certain kinds of agreements.

¢



1«.

TECHNOLOGY ACQUISITION
PLANNING CHECKLIST
TYPE OF ’ TYPES FOR SOURCES OF OTHER
KNOWLEDGE MECHANISMS PROJECT STAGE TECHNOLOGY ISSUES
General Training Planning and Equipment Cost
—Formal Market Analysis Sales
§ —OJT
Industry- Machinery Design and Licensing Government
specific and Equipment Construction Control
System- Printed Start-up Technical Unbundling
specific materials assistance assistance
Firm- Ongoing Infor- Value Consultants R&D location
specific mation support engineering
Operation Personnel Product Turnkey Restrictions
problem exchanges development programs
solving
Staff Research Joint Contract
transfer ventures renegotiation
Personnel Public
acquisitions institution
development

In some countries, a wide variety of licenses and con-
tracts have been refused approval because they did not
include some research and development transfer as
part of the basic technology package. This view of tech-
nology transfer is less attractive to businessmen who
know that their business is learned on the job.

Restrictions in contracts required by the supplier is
also another major concern of governments and inter-
governmental organizations. In many cases, supplying
firms will transfer technology to the user only if it
guarantees not to export the products outside of his
particular country, guarantees to use certain kind of
components in the technology application, and/for
undertake obligations to grant back to the supplier any
improvement or modification of the technology. The
elimination of these and other restrictions, often
termed restrictive business practices, is a major focus
in proposed international codes of conduct for multina-
tional corporations.

Eliminating them could prove detrimental to those
user firms, however, that are willing to agree to cer-
tain kinds of restrictions in order to reduce the cost of
the technology. The result of international codes for
technology transfer and of national government legis-
lation may: be the elimination of choice for the user
firm regarding alternative technologies. To be sure,
the amount ‘that a user firm’s choice is reduced will
vary from case to case, but ths trend toward restric-
tions on RBPs warrants close attention by the technol-
ogy user as he prepared for negotiations.

Contract negotiations is another characteristic of
the changing technology negotiation environment. Be-
cause they believe it necessary to ensure that imported
technologies will be valuable for national develop-
ment, governments increasingly are intervening and
forcing renegotiation of contracts. This means that the
user and supplier must be very careful in arranging
their transaction fer technology projects since they
may be forced into a renegotiation and clarification of
their contract several times before the completion of
the project. Having a good understanding of what tech-
nology is desired, how it is to be transferred, and what
its value is:to national development, is the basis of

renegotiation capability. The possibility of renegotia-
tion obviously generates concern on the part of the sup-
plier, especially for those suppliers dealing with
secretive proprietary technology. Learning to deal
with these fears will also increase the developing coun-
try manager’s ability to plan for acquisition of technol-
ogy.

Public institution development is a growing trend in
government actions aimed at future improvements in
their science and technological environments. Exam-
ples of these institutions established by national
governments and international organizations are
standards bureaus, negotiation centers, information
centers, consulting assistance groups, and other types
of public institutions. In many cases, these institutions
are designed specifically to aid the user firm in plan-
ning, identifying, and acquiring appropriate technol-
ogies. In some countries, such as Korea and Brazil, the
user or private industry group is directly involved in
the planning and development of these institution.

Keeping abreast of these developments and exploit-
ing opportunities offered through these new institu-
tions can be a valuable activity for user firms acquir-
ing foreign technologies. A number of international,
national, and private volunteer programs are available
to assist companies in improving their technology
search and acquisition. However, to be effective, these
programs must be used, and user firms should be
aware of what assistance is already available.

SUMMARY

Locating and acquiring technology is an issue of
great concern to individual firms, governments, and
international organizations. As the international envi-
ronment becomes increasingly competitive, the success
of individual firms will depend greatly on their ability
to plan, organize, and control the acquisition of tech-
nology. Understanding the types of know-how needed
for operations, being able to characterize it in terms of
how it is transferred, and what sources of technology
exist, is a first step toward developing a firm’s capabil-
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ity to plan and direct technology acquisition. In
addition, the increasing role of governments in the
technology transactions will require greater sophisti-
cation of both user and supplier in communicating the
value of acquired technologies for national develop-
ment, and will require an understanding of issues such
as cost, R&D location, and unbundling.

That the technology transfer process is becoming in-
creasingly complex is clear. Competing in the
international market will require the continued use of
foreign technologies, and, as a result, coping with the
new complexities of technology transfer will require
greater understanding by user and supplier firms of
the various factors affecting development, transfer,
and use of technology.

How user firms ultimately acquire technology de-
pends in part on their own internal decision-making
processes. Whether those decision processes reflect the
current technology transfer environment depends on
whether a firm understands how that environment is
changing. The factors outlined in this paper will, it is
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hoped, contribute to greater understanding of those
changes and the consequent development of greater
abilities to plan for acquisition of technology.
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