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FORWARD

Technological develapment and its management is a topic which is
interesting for all countries, companies, and for many researchers
and business peaple. The aspects of study and interests are very
diverse and it is difficult ta unite them under one particular
sub ject.

The dynamics of management along the life cycle of technolagy is
a subject which can be analyzed from different aspects with dif-
ferent tools and methods. In times of discontinuity and rapid
change, with new technologies available worldwide and globalized,
management should be regarded as a main factor for future tech--
nological development. How to increase organizational flexibility
through different phases of the technological life cycle is impor-—
tant for companies and countries. How to create favorable condi-
tions for developing and implementing new technologies and how to
facilitate acceptance of these technologies both inside and out-—
side organizations are objectives and problems of managers world-
wide, despite economic systems and the stage of economic develaop-—
ment of the country. In search of right answers for these chal-
lenges and problems, younq scientists from YSSP 846 at 1IASA have
explored different subjew:ts closely related with the management
of technology. Four callabarative papers are presented here
which emerged from the young scientists’ work during the summer
and through which different interests of countries are presented.
It is impossible to unite them under one title or comect them by
the content and results of the study, hut being clasely related
to a phenomenon called technolagical development and exploring
different aspects of its management, we consider them related and
we are trying to present them in one series.

The first study presented is entitled "Management of Technaolagical
Development and the Technolaogical Life Cycle (Case of Bulgaria)"

by Julia Djarava. Bulgaria has heen undertaking a major study in

the field of technolagical development. The study aims to des—

cribe and analyze difficulties in accelerating technological

development and to make recommendations for i1mpravements in the

caountry’s management system. The study described here has been

developed in close collaboration with the MTL research team and

is hbased on the wmethodology developed for the study. In Bulgaria,
extensive research is already underway, using the methodolaogy

tlescribed in the paper. The main aobjectives of the author were to
develop methodolagy which will connect Bulgarian study with the

11ASA MTL. study. The overlapping relations between stages of the

process of developing a technolagy and techwnolagical life cycle

are used to create a special framework for the analysis.

"Critical Success Factors in Strategic Control Systems" by Mair—
garita Kaisheva is a general caoncept of strategic management in
the TES/MTL activity, based on the hypothesis that strategic
management i1is a management cycle, consisting of different func-—



tional activities including strategic control. Kaisheva advoacates
the importance aof strategic countrol, outlines its main objectives
as a sub-system of strategic management of technological develaop-—
ment and develops the idea of using critical success factors as
criteria and standards in the process of strategic control. The
plare of strategic contrrol in helping o1 ganizations to develap
alternatives for its strategy and achieve a high social adaptive-
ness is considered one of the main features of strategic control.
The gstudy suggested and i1ts methodological approach are very
praomising and challenging; empivrical proof will be important in
increasing the value of the concept. The concept of strategic
control and the use of critical success factors in it could he
very useful for management of technology aon a company level and
will give possibility to create an integrated control system foi
fulfilling technrnlaogical strategy of a company.

"Plaiming and Acquisition of New Technologies" by Gerhard Plasonig
is a study which considers the problem nof technolagical develap -

ment forr a small cauntry with predominantly small and medium scale
enterprises. Mostly a matter of technological transfer. The

paper attempts to make recommendatians to Austrian firms, suggest-
ing a systematic procedure for implementing new technologies in an
enviroamnment of technological availability. The procedure is only

hypothesized and empirical proofs will be necessary to make this

a veal working concept. Two interesting ideas are discussed

throughout the paper. The planning process should be carefully

organized and prepared within the company. Management should not

he separated from the technological process.

The fourth study, by Andrei Sterlin, is entitled "Environmental

Analysis for Strategic Technological Planning." Many new techni-

cal systems, even in civilian economic sectors, present potential

dangers to the environment, and the ronsequences of theilr possible
disfunction are very difficult to foresee. Strategic technolagi-—

cal decisions are thus being made in industrial organizations

under conditions of high uncertainty. The soundness of strategic

decision would be enhanced by a systemized analysis of business

and the technological and soacial enviranment of an eunterprise.

Suitable methodologies for integrating environmental analysis in

the field aof techinwlogical development still appear to be lacking.
This paper attempts to address this issue.

Evka Razvignrova
Principal Investigator
Management and the Technological Life Cycle

(1)
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MANAGEMENT OF TECHNOLDGICAL. DEVEL OPMENT AND
THE TECHNMLOGICAL LIFE CYQOLE
(Case of Bulgaria)

Julia Djarova
ITASA, lL.axenburg, Austria
YSSP 19864

INTRODICTION

Excellent innovation managemewnt involves many requirements,
mainly connected with understanding the innovation processes and
the ability of adopting the management system to them. The more
sa as madern management aims to influence these processes in order
to accelerate some of them. This result cannot be achieved with-
aut further examining improved managerial approaches to the system
of leadevrship. That is why management is becoming more practical-
ly ariented in two directions: creating its own rules based on
investigations of the innovation processes and gearing its efforts
to put these rules into practice in an appropriate way.

In conmection with the ahove awnd speaking in particular about
technological development, especially the management of techno-—
logical i1vmovations, several questions arise:

* What does management have ta know about technological devel-
opment in order to accelerate it in the right direction?

¥ llow can existing theories ahout technological development
and innnvations help to improve the management system?

To answer these questions, new technologies in Bulgaria will
be studied in two aspects:

1. To meet the gunal for understanding the veal innovation prao-—-
cess, the development of certain technologies will be ex—
amined from the idea to its cammercialization (or practical
implementation).

2. Organizational problems; planmming system; material, finan-—-
cial, and personnel support praoblems; etc. will be investi-
gated in orvder ta find a reasonable basis for improving the
existing management system.

The principal goal of the study is to define the main charac-—
teristics of the technological innovation process and to identify
the praohblems in accelerating technological development in dif-
ferent branches of industry. This shnuld be achieved based on an
analysis of the advantages and disadvantages of management stra-
tegy during the phases uof the technological life cycle. Further
objectives of the study are as follows:
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* To analyze the main weaknesses of the management system
connected with technological innovations and development;

* To define the basic socio-economic factors influencing ac-—
celeration and to increase efficiency through the develop-
ment and implementation of new technologies;

* To analyze the opportunities for improving the management of
the technolaogical innovation process.

GENERAL. CONCEPTION (F THE STUbDY

The investigation intends to identify the main features of
the innovation process connected with new technologies, to analyze
problems in technaological development, to define the objective
laws governing this development, and to propose recommendations
for improving the management system of technology.

[t is expedient to pursue the investigation in two direc-

tions:

1) Analysis of technology dynamics and assessment of technalo-—
gies

2) Analysis and evaluation of the management of the technologi-
cal i1nnovation process.

The analysis of technology dynamics, based mainly on a study
of the life cycle, has great practical significance and faorms a
basis for mawniagement decision—making. The possibilities of study-—
ing the technological life cycle as a concept and its use as an
analytical tool can lead to identifying some of the laws for the
development of technologies, of products produced by these tech-
nologies, and of organizations using these technologies.

The l1life cycle is considered a source for:

* Retraospective information on technology development in time,
technology substitutions and effectiveness, history of tech-
nology families and generations, comparisons between dif-
ferent technolngies used for the same purposes or between
identical technologies at different levels of development.

* lLong—-term information on the expected future effectiveness
of the technologies, their potential abilities, their com-
petitiveness, etc.

To arhieve the desired goals of the study of techmnology
dynamics and to explore every possibility given by the life cycle,
it is necessary to reach an understanding of the technological
life cycle and the criteria bath to build it and to differentiate
the phases. It must be taken into account that the life cycle
can be quantified through different measures in time as well as
by different economic indicators. The changes of these indicators
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help us to distinguish the different phases. The indicators for
building the life cycle will be chasen in accordance with the
gaoals of the study. If the aim is to compare technological devel-
opment on organizational, country, and international levels,
common comparative dimensions (for instance, market share, produc-
tion volume, sales volume) must be established. Such i1ndicators
as prafit, investment, production costs, profitability, etc. are
of great importance in using the life cycle as a tool to estimate
technology effectiveness. Use of these indicators is connected
with the problems of gathering data as well as with processing it.

Through the life cycle, the influence of used raw materials
as well as the rest of resources connected with the development
and implementation aof the technology can be defined. In this
respect, an analysis of the costs incurred during each life cycle
phase can he obtained.

In summary, the first appiroach to analyze the technological
innovation process from idea—generation to introduction and com-
mercialization is based aoan the life cycle as defined by economic
indicators. The main task of this approach is to distinguish
several phases in technology dynamics based on the changing be-
havior of the economic indicators. To differentiate the most
essential process features at a certain point in time as well as
the crucial elements of each phase, it is necessary to define the
technological life cycle by functional activities and determine
specific stages in technological develapment

The develapment of an innovation is inherently an inter—func-
tional process. Successful new technologies require close cooper—
ation among the functional areas of R&D, manufacturing and market-
ing, under the guidance of the management system. Fast tech-
nological development, as well as ambitions to accelerate the
innovation process as a whole make it more and more difficult to
distinguish clearly the distribution of the functions through the
life cycle phases. That is why defining the technolaegical life
cycle based only on the behavior of economic indicators is nat
sufficient to understand clearly the dynamics of technaology.

It is expedient to clarify the stages of technological devel-
opment by analyzing the special performance of the different func-
tional activities observed through the tvransfarmation of the idea
to prototype, final product, and then to its production and sale.

The main functional activities could be research, discavery,
invention, design, development, production planning, market plann—
ing, tooling preparation, manufacturing, market stairt, production,
sale, and transfer. Each one aof the described activities has its
own characteristics, as well as its own significance to and in-
fluence on technological development.

Research, discoveries, and inventions aire the starting points
of the idea-generation phase and caonceptualization. The content
of these activities defines to a great extent the kind of techno-
logy as well as the organizational strategy in respect of this
technological development. The inmiovation can be initiated by
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disrovery, invention or as the result of research and can lead to
basic innovations or to imitations and to the appearance of new
or improved technologies.

Dur ing these stages, the first signal of the coming technol-
ogy substitution is observed. The appearance of research, dis-—
covery, and invention activities in the maturity life cycle phase
can indicate organizational strategy concerning the transition
from maturity to the decline phase. Either a strategy for tech-
nolagy substitution with a principal new technology or a strategy
directed towards mndifying old techvnwlogy by improving certain
functional characteristics and performances can be followed at
this point.

Din'ing these technological development stages, such ac—
tivities as adoption, refinement, and generalization can be dis-—
tinguished. Adoption is aimed to make the idea move reliable and
efficient enough to be employed for some useful purpose. Refine-—
ment includes a succession of improvements and changes of the
first idea "adoption” in order to turn it into a simpler, cheaper,
as well as more efficient alternative. Generalization increases
the practical application of the idea and creates possibilities to
diversify it. The activities of adoption, refinement, and gener-—
alization should exist throughout the entire technological devel-
opment process.

The activities of the design stage are oriented to take the
abstract idea and embody it into a material form. Design is a
natural continuation of the invention stage, sometimes including
invention activities based on new or revised purposes of a given
idea.

Development is comnnected with "all those steps of analysis,
experiment, building and testing which are necessary to bring a
discovery, invention or preliminary design to the point where it
is efficient, reliable and economic enough for ordinary produc-
tion and use."?

The stages of production plaiming, tooling and market pre-
paration have a key function to fit an already-developed idea to
the specific features of the organization—-producer, to production
requirements, to consumer needs as well as to ensure the success-—
ful mamnufacturing/marketing start-up. Production and marketing
planning may be connected with the changes inside the organiza-
tion as well as with new forms of cooperation and contracts out-
sirde the organization. In these stages, the investment policy
concerning production and sale, and cost/benefit analysis is
being established.

Taking into account and comparing both sets of the tech-
nology’s dynamic characteristics (life cycle phases and tech-

tArcher, I . Bruce. (1971) Technoloqical Innmovation —— A
Methodology, London: Science Policy Foundation.
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nolagical development stages) to each other will allow further
analysis of the relationships between them (Fig. 1).

Due to this overlap of the technological life cycle phases

and the stages of technological development, it becomes impartant
to study the following questions:

*

What is the duration of each stage of development of dif-
ferent technologies under different circumstances?

Is there a gap between the stages or do they overlap each
other?

How dn the stages of technological development compare in
time with the phases of the technological life cycle? In
our opinion, the technological life cycle mainly describes
how technology changes in connection with i1ts purpose of
satisfying certain needs (market, production, organization—
al). The comparison will give an aopportunity to identify
the coordination among the functional activities in the
organization as related to the achievement of this purpose.

During which stages does the technology effectiveness, as
measured by economic indicators, increase or decrease?

Which activity in each stage of technological development is
a key one for successfully fulfilling the stage where the
efforts af the organizatiaon are directed?

Which stages of technological development are the key ones?
Is their importance definerd by their influence on the tech-
nological effectiveness, their duration, their frequency of
appearance, the investments involved, and/or their labor
force requirements?

To observe the paints where the stages appear during the life

cyrcle phases and the frequency of these appearances, Matrix 1
demonstrates the significance of the stages corresponding to

their

impact on the effectiveness of technalogical development as

well as to the inwcluded costs.

The compariscon of stages and phases can provide information

for further analysis and decisions as well as about the most
appropriate time for their fulfillment. O0Of great importance are
the following questions:

*

How to manage the stages in arder to increase the techmnology
effectiveness during the life cycle?

What kind of investment policy in each stage should an or-—
ganization have, especially in the field of R&D? What is
the stiucture of investments and how should it change with
respect to the management of the life cycle?

Which activities should emphasize a strategy of transitions
from one ta another stage?




This part of the study connected with the assessment of
technologies is aimed to identify the state of the technology
used in the organization compared on one hand to similar tech-
rnnlogies (used for the same purposes and/or from the technology
generation) and on the other hand to the same technologies used
by other producers inside and outside the country. In order to
fulfil such an assessment, it is expedient to answer the following
questions:

* What is the level of the technology used; and how are the
effectiveness and technolngical lifetime estimated from the
point of view aof 1ts basic characteristics?

# [Is 1s a basic technology in terms of its significance for
the economic and techrnological development of this and aother
branches of industry, influencing to a great extent the
variety and quality of products?

* What is the technology innovation rate?

# What are the boundary potentialities of the technology used,
and what is the present pasition in the technological life
cycle?

# What is the level of automation and computerizatiaon of the
technology?

#* How 1s RRD structured and organized, and what are the scien—
tific and applied levels of the R&D projects as well as
their duration and time of implementation?

Une of the main prerequisites for fulfilling an estimation
of the techwnology is to find the appropriate basis for compari-
son. This will allow defining the technology’s position among
the other technologies—competitors as well as identifying the
potentialities for the technological development. Creating the
list of indicators to use for the technology estimation must take
into account the requirement for comparison between the indicators
describerd by different technologies.



7

MATRIX 1: DISTRIBUTION OF THE STAGES OF TECHMOLOGICAL
DEVELOPMENT AMONG THE TECHNOLOGICAL LIFE CYCLE PHASES

TECHNNLOGICAL LIFE CYCLE PHASES
STAGES OF :
TECH. DEV.= INTRO. GROWTH MATURITY DECLINE

RESFARCH
Discovery
Invention
Preliminary

Research
Feasibility
Study

DESIGNM
Desigu Dev-—
elopment
Prototype
Nevelopment
Trading Study

DEVELOPMENT
Technology
Development
Production
Development

PL ANNING
Production
Planning
Marketing
Plawning
(h-ganizational
Flanning

MANUFACTURING/
MARKETING START-UP
Taoling Prepa-—

ration
Marketing
Preparation

PRONUCTION

SALE

The analysis and evaluation of managing the technological
innovation process should be connected mainly with the organiza-
tion’s strategic management. Several reasons exist which deter-

2\ more detailed description aof the development stages is
given in L.. Bruce Archer’s Technological Innovatign —— A Methodoloqgy -
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mine the innovation strategic management as a cornerstone in
leading the organization develop successfully.

Modern organizations need strategic management and their own
developmental strateqgy more than ever. This 1s determined by the
chararteristics of today’s arganizational activities. This is as
important when the organization is "fighting"” competitors in
order to increase market share as when it is trying to make the
most effective decision to meet saocial needs and to achieve econo-
mic and social goals and interests. The most considerable reasous
which make strategic management important for a small open economy
such as Bitlgaria are the following:

* Necessity of increasing praducts’ competitive abilities

* Necessity of expanding the possibilities far fast and ap-—
propriate reactions to the increased need for products and
services and to the increased demands for improved guality

* (Objective development of the centralized state planning
system and the implementation of an economical approaach
under circumstances of the arganizations’ active role

The significance and role of innovation strateqy as a factor
for developing the overall organizational strategy are defined by
the fact that strategic decisions for managing the innovation
process have the most powerful influence on future organizational
development. Strategic decisions in the field of technical and
technalagical development are closely connected with other deci-—
sians. 0On one hand, the problem of production realization and
structure and that of investment policy set certain requirements
to the development of new products and technologies. On the
other hand, achievements in the field of technology provoke chan—
ges in aorganizational strategy with respect to the market, produc-
tion structure, and capital investment. A typical feature of
innovation processes is their wide influence on all factors and
conditinns of the organization’s activities. Innavation is not
only a tool in answer to existing demands in products, tech-
nologies, and services, but at the same time, an effective way to
activate new needs through new and improved technical devices,
products, and technalogies. In the relationship between tech-
nological development and the market, the reole of the innovation
process manifests i1tself in creating effective and efficient
praoduction and technological structures, as well as in undertaking
appraopriate investment policies.

The innovation strategy is a condition (evew a precandition)
for the develaopment of production, organizational, and managerial
strategies. In the complex system of relationships determining
the creation of overall strategy, innovation strategy plays an
impaortant role. The i1mmovation strategy discloses and defines
the impact of scientific and technical achievements on production
technolagies and structure, and the organization of the produc-
tion process, as well as aon the development of the management
system: methods, stiucture, style.
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Speaking about the innavatiaon strategic management, the first
problem arising today is connected with technological innovations
and development. For each country and organization, it is neces-—
sary to answer the question: "Where are we now in technological
development, where do we go, which is the most appropriate way to
select based on existing social and economic canditions and the
future goals and reeds of the snciety as a whole as well as of
the organtization itself?”

The transition from a product to a technological approach in
strategic management is carried aut everywhere. The most impor-
tant point in defining the strategy of techmnological development
as a key one in an aoverall strategy is to have management bring
the techwwologies to the fore, to prevent any imbalance in the
praduction and organizational structure, the labor resources, the
human factor in production, and especially to avoid creating
premises for negative consequences. At the same time, the feed-
back from the technolegy’s economic, organizational, and manage-
rial enviraonments must be taken into account. It is unreasonable
to consider and study technolaogical innovations separately fraom
their environment, which defines the driving forces of the tech-
nolegical development. 0On the other hand, while creating the
technnlagical innovatiaon strateqy, the necessity arises to take
into account the expected changes in the environwment, to coor-—
dinate decisions with respect to the long—term technological
directions; the problems of science and structure of R&D; the
economic, production, organizatinnal, and social goals and needs.
That is why technological development cannot be analyzed and
forecasted separately from:

#* Produced products and structure of praoduct groups on the
production list, in connection with productiaon technologiess;

* Market segmentation and market share of pioducts and techno-
longies;

* Directions of scientific develapment, R&D structure, tech-
nolongical development, ratio between fundamental and applied
r esearch; '

#* (vganizational forms and methaods for accelerating, effec-—
tively implementing, cperating, and developing the mast
high—priority technologies;

* Supply the technologies with a highly skilled, educated, and
creative laharv force;

#* FEconamic conditions defined mainly by plaming systems,
ecanomic methods and tools used to manage technological
development. In particular, the important points here are
the finance-credit system and the way in which the require-—
ments ot modern technolagical development are reflected in
it, ways ta stimulate and motivate both pecple and organiza-
tions, prices and price formation, salary levels, etc.
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INDICATORS FOR THE STUDY OF TECHNOLOGICAL DEVELOPMENT AMD 1I1S
MANAGEMENT

On the basis of the study’s general conception suggested and
described above, two main practical problems arise connected with
the fulfillment of the study. The first is what kind of methodo-—
logy indicators must be chosen in order to analyze the technology
dynamics and to estimate technoclogies as well as to analyze and
evaluate the management of the technological innovation process.
The second problem is commected with the choice of appropriate
techniques and methods for discovering the problems of technolog-—
ical development and of the management of the inmmovation process
as well as with the structuring and summarizing of empirical
information in such a way both to desciribe the problems and to
identify the similarities and differences between the different
technologies studied.

One of the main leading points to define the indicators for
the study of the technological innaovation process and its manage--
ment is to follow the structure and content of the arganization’s
technological strategy. The strategy of technological develop-
ment consists of the following:

* analysis and estimation of the present and future status of
the technologies;

* management decisions for the selection of technologies;
*# activities for putting the strateqic decisions into practice.

The development of the techwnological strateqy is a process
based on cumplex and systematic approaches. They require the
close commection of the decisions corresponding to the long-term
technological directians an one hand and to problems of R&D,
economic, production, and social tasks of the organization on the
other. That i1s why the technological strateqy cannot be defined
separately from: '

* reruirements and expected lifetimes of the produced products
and the structure of the different product groups in the
production list;

¥ duration, oppartimities and market segmentation of the pro-
duction realization;

¥ R&D directions of future development, the structure of the
scientific and technological research in order to maintain a
certain level of knowledge and skills correspanding to the
respective technologies;

* the analysis of the state-of-the—art and duration for effec-
tive support aof the technologies with highly productive and
modern techniques and raw materials;
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# arganizational forms and methods for accelevating and effec—
tive 1mplementation, functioning and developing of the tech-—
nwologies;

# technology supported by a highly educated labor force, with
well develaoped technalogical thinking.

In summary, strategic management should define the ap-
propriate environment for the desired technological development.

In comection with the ahove, the methodology indicators are
structured in four main groups. The first group (A) is aimed to
descy 1be the technology dynamics and, together with indicators
from the secornd group (B), identify the features of the technolo-—
gical process to discover the main problems inside the technology
and the production conditions in the organization. The other two
group (C & D) are aimed to identify the problems caused by the
technology environment defined as the economic, organizational
and managerial conditions for the technological development of
the given organizations. Structuring the indicators in such a
way allows structuring the future analysis in the following direc-
tions:

* fAnalysis of the conditions describing the techinwology’s en—
vironment and at the same time the strategic activities

observed aover the technological life cycle and ovey the
technology development stages (Matrix 2):

MATRIX 2

TECH. DEVELOPMENT STAGES:

TECHMIR . OGICAL. Phase 1 Phase 11 [47 Phase III Phase IV
ENVIRONMENT

CONDITIONS: Research DNesign Production Sale
fechnical )

Production

Market Conditions

Organizational
Conditions

Managerial and
Social Conditions

* Analysis of the technology effectiveness over the stages of
the technological develapment (Matrix 3):
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MATRIX 3

TECH. DEVELOPMENT STAGES

TECHNULDGICAL Research/Design/Development/Planning/Manuf./Production/Sale
EFFECTIVENESS Marketing
Profitability

Costs

Export effec-

tiveness
R&D effec- Rate of increasing or decreasing of
tiveness the effectiveness indicators

Funds distri-
bution

Lahar force
effectiveness|

Effectiveness
of use aof
raw materials

* Analysis ot the technnlogy performance, lifetime, and effec-—
tiveness (Fig. 2; Matrix 4):

/N
Technologies with restricted Technologies with extended
lifetimes and high lifetimes and high
effectiveness effectiveness
i : technology 1ifetimes>
» 19186 - time 1In years
Technalogies with restricted Technologies with extended
lifetimes and low lifetimes and low
effectiveness effectiveness
4

FI6. 2 .
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MATRIX 4

TECHNOLOGY
PERFORMANCE*

TECHINOLOBY LIFE CYCLE PHASES

Phase I Phase 11

Phase I1I

Phase IV

Significance

Source of the
New Tech._

Relative Position
of the Tech.

#*# Follow the characteristics from Group B.

6RO A. Imndicators for Analyzing Techmology Dynamics®

INDICATORS OF THE STUDY

Characteristics Description

1. Technological
life Cycle=

2. Technological
Develapment Stages

3. Life Cycle of
Products, produced
by the studied
technalogy®

# Defined by several in-
dicators: production volume,
sales volume, market share,
profit investments, production
costs, etc. from the time of
technology introduction through

to production.

* Defined by differentiating
functions in time; research,
discovery, invention, design,
development, prototype, trad-
ing, production development,
production & marketing plann-—
ing, tooling & market prepara-

tion, production, sale.

# Defined by several in-
dicators: production volume,
sales volume, market share,
profit, investments, production

costs, etc.

* Technology life
cycle phases divided
into 4: introduction,
growth, maturity and
recessiaon.

¥ Duration of each
stage

* Gap between stages
* Overlap of stages

* Product life cycle
phases.

3The technolagical and product life cycles are built using the same in—
dicators, but the technological life cycle is based on the indicators’ perfor-
mance of entire production, starting with the point of introduction until the
present time, independently of product changes during this period. The product
life cycle i1s comnected only with the caoncrete product or group of products.




4, Technolaogy
Innovativeness

3. Product Innova-
tiveness & Quality

6. Innovativeness
of Techwnological
Equipment

7. Changes 1n Raw
Mater 1als lsed

8. Dependence
between Tech-
nological and
Product Innova-
tiveness

2. Characteristics
of R&D

14

* Distinguishing the principal
changes in technology used and
improvements (modifications)
of technology. Identification
of two kinds of technolagy
innovativeness: 1) new tech-
nologies defined based on the
changed principle of function—
ing; 2} improved technologies
defined based on improved
technology functions.

# Examining two kinds of pro-
ducts, produced by studied
technology: 1) new products
and 2) improved products.

* |Levels of product estimated
as a deviation from standard.

* Examining the age and changes
in used technolagical equip-
ment.

* Examining changes with res-
pect to quality, quantity and
type of raw materials used in
a given technological process.

¥ Defining the time gap between
implementation of new technol-
ogy and praduction of new
products which occur as a
result of implemented new
technology.

¥ Amount of R&D investment
* R&D investment by type of
innovation

* Source of R&D investment.

¥ Mumber of technolagy
substitutions

* %4 of principal new
technologies and of
improved technologies

# Rate of technologqy
innovativeness = time/-
(new technologies +
improved technology)

* %4 of new products/-
year

* % of new products/-—
technology’s lifetime
*+ % of improved pro-
ducts/year

*+ % of improved pro-
ducts/technology’s
lifetime

* Number of different
products produced by
the technology

+ % bad quality pro-
ducts

* Deviation from stan-
dard, scrap

# Average age of equip-
ment

* % of equipment chan-

ges/technology’s life-

time.

* 4 of changes/tech-
nology’s lifetime.

* Time period

¥ % of new products
arising from new tech-
nology or products.

* % of total investment
* % of R&D investment
for new product or
process & improved
product or process.
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GROIP B. Features of the Techmological Process

1. Type of Tech-
nologies tlsed

2. Significance
of the Technolngy
for the Organiza-
tian

3. Saurce of the
New Technology

4. Type of Manu-
facturing

5. Technology
Competitiveness

6. Automation
Level of Produc-—
tion

7. Relative Posi-
tion of the Tech-
nology

6RO C.
6ROUF C.1.
1. Type & Changes
in Production
Units

2. Type of Or-

ganizational
Structure

3. S5pecial Struc-
tural Forms

* Defined based on production
volume using this technology
as well as the volume of the
outcome (profit) from these
products.

* External, internal

* License, know-how, R&D ac-
tivities, etc.

# Defined compared to other
technologies on the market.

* Using CAD, CAM, CIM, robots.

Organizational Characteristics

* Identifying present & past
organizational structures used
during the different stages of
technology development.

* Special structural forms
comected with techualogical
innovations.

* Name, kind.

# % of producing these
products/total produc—
tion volume

* % of outcome/total
outcome.

* % of external/inter-—
nal sources

* % of different sour-—
ces.

* Single prices/small
lots/large lots/mass
production.

* Market share, dyna-
mics

* Export of technology
& of produced products.

* Ratio between CAD,
cAM, CIM, robots used.

* Rate of patents.

[haracteristics of Managing the Techmological Immovation Process

* Hierarchy
*# Organizational lev-
els.

* Succession of dif-
ferent organizational
structures: informal,
centralized & function-
al, decentralized,
life-staff and project
groups {(product or
process), matrix of
teams.

* Description of these
special structural
forms.




4. Scale of Man-
agement

5. Organization

of Strategic
Management with
respect to Tech-
nological Develop-
ment

6. Environmental
Analysis Units

7. Consultants

8. Commit-
tees/Teams
GROIFP C.2.

t. Methads far
Plamming
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# Defined by the number of
administrative staff.

# Estimating the independence
of strategic management from

external decisions

* Role of strategic decisions
comparerd to aperational ones

# Distribution of respon-
sibilities in the strategic
decision-—-making process.

Managerial and Social Characteristics

* Examining the methods for
plaining mainly in 3 direc-
tions: 1) cannected with the
sources of the methods defined
as external & internal sources;
2) connected with the flexibi-
lity of used methods, depending
ont circumstances; 3) level of
standardized methods for plann-
ing.

* Administrative staff
as a % of total emplo-
yees.

* Body creating stra-
tegic policy

* Ratio between exter-
nal & internal strate-
gic decisions

¥ Segregation of stra-
tegic & operational
management

* % of full-time em-
playees

* Description of the
organization, affilia-
tion

* Description of cor-
respondence between
organizational levels
& strateqic decisions.

* Organization, af-
filiatien, % of full-
time employees.

* Background, affilia-
tion, number, role
(driving force, teach-
ingl.

* Subject, organiza-
tion, affiliation.

* Ratio between exter-—
nal & internal planning
praocedures

* Level of flexibility
of the used methods

* Ratia between stan-
dardized & non—-standar-
dized.




2. Methods for
Strategic Plaining

3. Methods for
Decision—Making

4, Information
Data Base Support
for Management
Decision—Making

3. QOrientation af
Managerial Func-
tians

&. Patterns of
Decisiaon—Making
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* Descriptiaon of the kinds of
methods used for strategic
planning distinguished as
traditional forecasting &
planning methods (i.e. ex-
trapalating past trends into
the future, optimizational
methods, etc.), new methods of
scenarios & portfolios (ex-
perts’ scenarios, morpholagical
approaches, cross—impact ap-
proaches, others).

# Based on managerial intuition
& experience, standard proce-
dures available, guantitative

& qualitative approaches,
modern procedures.

* Distribution & description
of the data base available
among the functional organiza-
tional levels

* Examining the level of auto-
mation of the information data
base used.

* Description of management
functions from the point of
view of their orientation to:
marketing problems (i.e. market
planning & organization; sup-—-
ply, service, quality problems;
market segmentation); produc-
tion problems (i.e. planning &
erganization, production de-
sign, production documentation,
tooling, pre-production proto-
types, raw materials planning,
relations with suppliers,
production R&D, structure of
labor force, control); & tech-
nological problems (R&D, docu-
mentation, implementation,
improvements, transfer of
technology).

* Managerial autocracy madel,
systematic bureaucracy madel,
adoptive planning model, poli-
tical expediency model, others.

* Description of the
methods.

#* Description of the
methads used.

* % of the information
data base distribution
by organizational
functions

* % of the information
data base computerized
# Description of the
main kinds of informa-
tion data base used,
particularly new infor-
mation technologies.

# Number of departments
oriented to: market,
production, technalogy
* %4 of administrative
staff by functional
orientations.

* Description & %4 of
managerial models used.



7. Manager &
Management Style

8. Individual
Skills
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#* Structure by position

% Quatification
* Experience
* Length of service

*¥ Age

* Span of control

¥ Responsibility for implement-
ing and/or developing new
technologies

# Ratio between the rights &
responsibilities of managers
* Functions in addition to
main position

¥ Signing authority for R&D
budget.

# Training for new technology

# Rotation of personnel (R&D &
production, etc.)
* Personal creativity

* Employee participation in
the decision—making process

* Types of stimulation systems
used, estimation of their
effect, budget for these sys-—
tems

# Special systems and/or ap-
proaches for training, for
improving qualifications, for
stimulating creativity

* loyalty.

GROUP D. Economic Characteristics

1. Profitability

* President, Chairman,
Directors aof: R&D, R&D
Unit Manager, Tech-
nological Development,
Economics, Marketing,
etc.

* Education background
by specialty

* Career pattern
(years)

* Years at the company

* In numbers
* Direct and/ar in-
direct

* In %4

* % of whole number of
functions

* Either in %or in
actual amount of money.

* Months, weeks, hours
per person for workers
* Months, weeks per
person for engineers,
technaolaogists

* As % of rotated
persons

* Average number of
suggestions per yeas

by personnel categories
*# % of decision made
with employee par-
ticipation

* Description of the
different types of
stimulation systems
used

# % of the final effect
* Description of sys-
tems

*# Qualitative estima-
tion of systems’ effec-
tiveness

* % of persons involved
with these systems

* Average length of
service with company.

* Growth rate




2. Costs

3. Export Effec-
tiveness

4. R&D Effective-—
ness

5. Funds Distribu-—
tion

6. Labor Perfor—
mance

7. Effectiveness
of lUse of Raw
Materials
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# Distribution of organization—-
al funds amnng R&D, production

& marketing activities.

* Labor productivity
#+ Working conditions.

* Level of raw materials manu-
factur ing used by studied

technologies.

* Reduction rate

* %4 of export/volume
of production

* Profitability

* Return on expart
investments.

% Return on R&D invest-
ments.

% Ratio between the
different uses of
funds.

* As %

+ % of manual work

* % af automated work

% % of polluted working
places

¥ % of highly protected
work places

+ % of investment for
protection of employees
to total investment.

*# % of raw materials
manufacturing.



THE USE F CRITICAI. SIICCESS FACTORS (CSF)
IN BUILDIRG STRATEGIC CONTROL. SYSTEMS

Margarita Kaisheva
I1IAS5A, Laxenburg, Austria
YSSP 1986

INTRODIXCTION

This paper outlines the importance of strategic control
function in fulfilling strategic plans and reaching strategic
goals by applying the CSF concept. The main prrinciple of the
strategic control function and the links among strategic control
and othe:1 strategic management activities are underlined.

"Would you tell me, please, which way I ought to walk
from hiere?"

"That depends a gieat deal on where you want to get
to.ll

"I dun’t miich care where."”
"Then 1t doesn’t matter which way you walk."

-— an long as I get sumewhere.”

“"Oh, vyou’re sure to dn that, if you only walk lang
enough!™”

This is one of the most papular citations from Louis Cai—
rall’s bouok, Alice in Wunderland, the counversation between Alice
and the Cheshire Cat.

Ever yane should cefinitely know wheire he wants to get to.
Then it 15 easier to cvhoose the way which will take him there.
But liow can he be suvre he walks ou the shortest, easiest, least
dangerous way? UWithout many big surprises and possible troubles?
Mobady could promise him that. He should take care himself aof
his own way and check i1ts rorrectness continuously.

If we tiy to interpret this situation in terms of strategic
management, we could conclude that it 1s very important to settle
carefully chosenn and defined stirategic goals. It is very impor-
tant to choose the most appropriate strategic alternative and to
develop consistent stiateyic plans, too. But 1t is no less impor-
tant to estimate the goals, strategies, and plans. That means to
1ealire strategic control onn averall movement forwards, on the
overall management process.



Many scientists concentiate their attention on the problems
of setting strategic gonals, choosing the strategy, and especially
develaping strategic plans.

But only a few approach sty ategically the piroblems aof stia-—-

tegic contral and try to answer questions connected with the
stirateqic contraol function. It is hard even to say there 1s a
dominating opinion on what strategic control means. No accepted

definition on this topic exists.

Thus, what i1s strateqic control and how does 1t work? Most
st ientists consider contrel function (control to support the
processes cannected with attaining strateqic purposes) as being
includizd in the styategic plaiming pryocess and do not even mention
the term "strategic control.” They assume it 1s understood.
Those who dua mention it feel satisfied with a brief remindeyr that
the implementation of a strateqic plan requires designing a stra-
tegic control system tao aid the fulfillment of those strateqgic
goals defined 1in the strategic plan.

Snme srientists comiect the stirategic countiol function with
implementing the strateqvy onlv,* ecthers with reformulating stra-—
tegic guals.® 1In Gluerk’s apinion, control is the last functian
in the strategic management process (Glueck does not even use the
term "strategic cantiol”), and in this cownsideration, the control
1s not caonnected with other processes except that of ewvaluating
strateqy and of feedhack.

In recent years, the opinion that the most important thing 1is
to plan a strateqiu perspective (as Ansaoff suggested in 19469) has
changecd. Certain authots such as Lorange & Aunthony consider
strategic planning and strateqgic control as closely interconnected
and interdependent, but separately designed,; management activi-
ties.

The contial function, in Ausaff’s opinion, is fully subject

to strateqgic planning. It is connected anly with the implementa-—
tionw of the strategic plan. He considers the plauning functiomn
befare the fact and the contral function after the fact. If we

accept his proposal, we would have to cownsider strategic goals,
strateyy, strategic plans, once defined as relatively consistent
in time. But our wonrld is sa dynamic aind challenging that it is
unreasanable to keep our ideas and projects (even if, or espe-
cially if, they are strateqgic iy natue) consistent.

1Gluerk, 1980.

Hinfer & Schendel, 1980.
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Tt is a one-sided appioach to preferr plaiming to cowntrol, or
control to planning. Probably bhecause of the former preference,
many managers are becoming disappointed with stirategic planning
recently, as Rosernberg concludes.

Strategic contiol should take part i1n all steps of the stra-
tegic management process. We need control in implementing the
strategic plan, of couwrse, but even mare contirol in defining the
strategic perspective, strategic goals, the strategic management
process as a whole.

Let’s return to the convel sation between Alice and the Che-

shire Cat. If we do not think carefully about on which long
range goals we should concentrate our attention (strategic contvol
could help with that), we can find ourselves planning the future

attainment of less than actual strategic goals. This might be a
real disaster for a business firm, because it i1s not possible to
go back and reda all that has passed. That is why leaders of
business organizatians need a strong control on the process of
defining strategic gnals.

It is nweressary to underline that the strategic management
cycle included the same phases as every management cycle:® de-—
finition nf goals, planning, organization for implementation, im—
plementation itself, contiel, and feedbark. The cybernetic idea
of management as a cyclical informational process should be fol--
lowed at: the strategic level of manayement, too. That means we
should pay attention nat only to the planning function, but to
all management functions equally. To realize a strategic manage-
ment cycle means to pass through all the typical management
phases, without preferr ing any one of them.

As a conclusion, A strateqgic control system should be de-
signerd to observe the proresses caoamected with defining strategic
goals, 1hoeosing the proper strategic alternative, developing a
strategic plan, its implementation and evaluation, and lastly, to
realize the feedback to tep management. In our opilnion, it is
logical tu conside strategic contiol as a separate activity
integralting all other activities into a united management process.

As an interpretation of the cowmnmection of the strategic
cantrol functian with other strategic management functions, the
following scheme could be suggested (see Fig. 1).

Bewvause of the integrative ability of the strategic control
function, i1t is possible to reach a strong inter-relation and
camnunication among all strategic management functions.

"0. Panov, 1985.
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Thus, the strategic control system should be directed toward
continuausly scamiing the environment, baoth external and inter—
nal, to 1identify and interpret the most important signals for

futin e arganizaticnal development. This 1s very important for
the strategic 1level of decision—making. 0Obhserving the external
euvironment —— its threats and appartunities —-——- 1s even more
important wan  this level than defining internal strengths and

weaknesses of the organization.

Most antthaors consider envivonuwental scanning and identifica
tion of threats and opportunities facing the firm as a function
aof the strategic planning pracess. So, the control system has
nwothing to do with deciding which trends should be used to direct
the efforts of the planning systems, on choosing what toc do and
how to dao it.

But the function of the control system is to compare actual
(o predicted?) results to the planned ones. This requires a
very strong velation between plaiming and centirol systems. Some-—
times, 1t is hard even to outline a clear border between the two
activities, which could be a formal pvoof of the possibility at
least for the control system ta be involved in the process aof
identifying indicators of success o1 failure of the business
organization through environmental scanning.

The three requirements of the strategic contiol system (as
we can see 1in Fig. 1) are:

First: To choose the criteria to estimate perfoimance and
to define strategic control standards. It should be poiunted
out that, in the case of the strategic control system, the
carvespondiig stiateqic criteria and standavds should be
formed in a different way than in tactical and operational
control systems. These cocriteria and standards should meet
the requirements of a strategic level of decision—making.
They will serve this level in i1dentifying future deviations
in the external environment (negative, when certain problems
must be met; pnsitive, when theve is an appartunity) and in
Lhe internal environment as well. Therefore, they should be
formed thy ough studying the envivonment, both exteymnal and
internal. He need sirategic criteria and standards during
the staye of defining gnals and determining strategy to
ensie their adegquacy. That is why we cannot and should not
wait foin the stiategic plaiming pracedure to identify futwme
inlkernal capabilities and opportunities ar threats in the
external envivonment. In other wnrds, the strateqgic contrel
system should be engaged with environmental scanning as well
as with the strategic planning system. The criteria for eva-
luating bath external and internal environments could be
qualitative as w2l]l as gquantitative.
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It is very difficult and at the same time very 1mportant to
make estimates based on qualitative criteria, such as: Is
the chosen stiateqy consistent with the environment? Did we
chiaase the most appropriate strategic alternative with res-
pect to available vesouces? etc.

1t is easier to evaluate the arganization’s performance and
the extweirnal factors influencing this pev formance by using
quantitative criteria such as growth i1n sales, market share,
net profit, return on investments, etc.

Second: To evaluate the performance of the organization and
the major environmental influences.

Third: To realize feedback tn the board.

It is important tn stress that, for the strategic lewvel of
decisinn -making, conclusion concerning the qualitative state of
the organizalion are more informative for top management than
quantitative anes. This circumstance should reflect design af
the strategic contiol system. Its pioreilur es should be directed
tao estimating the organizational qualitative state carefully.

The major task of a strategic contiol system is to recognize
the factors which appear toa be important for future arganiza-
tianal development, nat only to compave actual rvresults against
planned ones. For the strategic level of decision-making, this
is a necessity. Top management should cancentrate i1ts attention
vn these factors, both external and internal, to be sure of future
nrganizational success.

It is impossihble fur the strateqic cantiol system (and i1t is
naot necessary at the strategic level of decision—-making) to ob-
sevve all factars impor tant for the business oiyganization. The
fauctors may influence the main organizational activities such as
produc tion, marketing, R&D, etc. siguificantly 1in the future.
There will be a long list of different factors. That 1s why it
is wnecessary to identify those most important for the futwe
organizational performance and tn use them in a strategic control
system tu evaluate overall pevformance and envivonmental condi-
tians. These factors are valled "critical success factors" (CSF).
As Rockart wote, "cvritical siiccess fautors are, for any business,
the limited numher of areas in which results, if they are satis—
factary, will ensure successful competitive performance for the
arganization.,”

A strateyic contral system should be desiqued to evaluate
the CSF’s (not the entire variety of performance characteristics,
as maost of them are the subject of tactical and operational con-
trols), aand, if necessary, to suggest changes in the set of CSF’s
used. According to Anttiony and Dearden, the foallowing are cha -
racteristics of a C4F:



"1. Tt is important in explaining the success or failure of the
organizaltion.

2. It is volatile, that 1is, it can change quickly, aoften for
reasons that are not controllable by the manager.

3. Prompt acvtion is required when a significant change occurs.

4. The change 1s not easy tu predict.

n

The vair iabile can be measured, either direrctly or via a sur—
rogate. For example, customer satisfaction cammot bhe mea-—
sined directly, but i1ts simragate, numbher of returns, can be
a key variable."

Firom the entire vange of different key vaviables, we should choose
thaose which correspond to the wpper characteristics.

It is not necessary to discuss the concept of CSF’s. It is
elahorated in management literature.* e will mention only that
the CSF's method was created, develonped and widely used by the
MIT research ghoup from the Center for Information Systems Re-—
search under Cthe guidance of Rockart, Sloan School of Management,
for punposes of management information systems. The method was
used for identifying the factors which can aid in gathering and
interpreting the infurmation which is most useful and helpful for
tap management in making decisions.

All experienced managers have implicit factor s which they
carrcy in their heads and use for leading, but these factors are
not always clearly and pioperly defined. They could even be
wirang. The LCSF-method helps to make them explicit. It assists
manayer's to be move definite in setting stirategic goals, chonsing
the mast appropriate strategic alternative, and developing stra-
tegic plans. (SF’s are alsa especially useful for overall control
af husiness arganizatiuns.

Until now, there has heen no tendency to use the CSF-coucept
for murposes of a strategic control system. The CSF’s could be
used fin- evaluation of strategic performance 1in the following
wAayss

First, we generate all the CS5F’s that 1eflect organizational
goals aud strategy. CSF’s also r1eflect enviionmental conditions,
their threats and aopportunities, internal capabilities, and in-—-
dividual manager apinions. Then we yank them by impoy tance and
determine the carrelation between them.

“Rockavt, 1279; Martin, 1982; Leidecker & Biruno, 1984; and
athers,




It may happen that some factors correlate strongly with
cthers. If this i1s the case, we can choose thaose that can easily
he measured as representatives for the others. The correlation
procedure is very important because most of the CSF’s are qualita -
tive (at the strategic level of wmanagement) and i1t 1s sometimes
very hard to find quantitative measures for them. It is not
ahsaolutely necessary to estahlish quantitative measures for all
qualitative factors, but 1if it 1is possible, 1t would help us
vbtain mare objective informatien about processes and events,
making our judgement mor e precise.

After ranking them, we use praognostic methods to build up
the futine CSF’s trajectories overr the long i un. The CSF’s will
serve as criteria for evaluating if things are going right, "for
the business ta flourish, aund for the manayer’s goaals to be at-—
tained" .=

Secrond, we need specific standards, stiateqic control stan—
davds. fhey will ensmme that we are reaching our styvategic goals
and resolving our strategic problems. As strategic control stan—
dards, we can use speucial points loncated on the CSF trvajectories
which are defined in time and space. These standards will allow
the graduation (calibration) of the performance of the business
organizatinn un all CSF +trajectories. The strategic control
syslem cnuld evaluate the firm’s performance at these special
points which we can call strategic control milestones (SCM).
These standavds could be hnth gqualitative and quantitative (ac-
cording to the CSF’s).

The SM’s are boundary values which chavadcterize the qualita-
tive change of some critical bhusiness areas and therefore of the
organization as a whaole. If a strateyic control milestone is
reached and the deviations are within a previously accepted cor-—
ridm , we should prepare ourselves to 1each the next one. So,
skep by step, we will move towards achievement of the strategic
plan and gnals.

The conclusions drawt hy evaluatiaon of CSF points (the same
5CM) could guaarantee extensive feedhack information (which is
Rockart’s main reason for developing this methodology). Most
important is not the volume of the feedback information, but how
vepy esentative is 1t, necessary for top management to make the
riqght decisian.

Thus, the CSF’s could be used by the strategic control systea
as strategic control criteria and the SCM’s as strategic control
standards.

“Rockar t, 1979.
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let us look at Fig. 1 again. If we reach the standard (SCM),
this will ensure that:

1. The chosen ciritevia (CSF) are the proper ones;

2. The i1mplementation of the strategic plan was correct;

3. The strateqgic plan was well developed;

4. The most appropriate strategic alternative was chaosen,
consistent with internal resouices, management and

organizational capabilities, adequate to the organiza-

tion’s mission and purposes, 1esponsible to enviranmen—

tal challenges. '
S. Realistic quals have been set.

The standards may not be reached if they are too highj; 1f we
userl an incorvect set of CSF’s; 1f the plan does not correspand
with the chesen strategy or is nol properly implemented; if the
strateyic assumptions have been improperly determined ov included
a high degree of uncertainty; ar finally, if unrealistic goals
have beens sert.

The evaluation, madt: by the stirategic contiral system, should
he done on CSF’s at SCM points. If extraordinary deviations
occur , then the gaoals, strategy, plans should be reassessed. The
strategic control procedure is shown in Fig. 2.

As a conclusion: the strategic control function 1s to link
the organizational strategy with the externmal and internal en-—
vivonments, to ensure adaptability of the organizational structuire
to the strategy. The strategy 1is developed o guarantee the
firm’s external success, but slrategic contiol’s task i1s to caon-
nect this strategy with organizational plans, programs, and struc-
tuwre. That is why we should nwnt prefer one element (the strategy,
the strategic plan ur strategic control i1tself) over the others.
All stvateqgic management functions are i1nter —velated, interdepen-—
dent, and effective only if they are developed accordinglvy.

There exists a very important problem which complicates the
operation of the strategic control system, but if we find a way
to resulve it, we will have the better control which we can call
"strategic.”

The genevally accepted opinion is that a control system is
designed to make an after-the-fact (post factum) ar real-time
evaluatiun of a strategy and a strategic plan: whetherr they are
warking or have wurked. As an example, we can use the scheme of
R. Rumelt (Fig. 3) from W. Glueck’s hook. Inw our opinion, how-
ever, this approach should not he used by a strategic contrnl
syslem.

When a pioblem arises (genevally speaking), the most favor-
able situatiaon i1s to be prepared for it in advance and to have
enough time to mobilize all resowices to resolve it (1.e. to have
the possibilibty to predict it eacly enough). This 1is equally
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important for "small" and "hig” problems. That means to monitor
the factins (CSF’s) which form the circumstances and to prepare
alternative decisions 1nn time. Suclh a pro—active behavior 1is

especially impoir tant for detevmining strategic problems because
the results of strategic helplessness could cause major disasters
for the organization (this explains why 1t 1s necessary to build
up future CSF’s lLrajectories using forecasting methods).

That is. alsu why we should try to build up our strategic
contral system on the principle of pro-activeness (preventive-—
ness). If the stialeqic control system evaluates and compa es
the actual organizational performance to projected, planned re—

sults, ikt could happens that 1t is toa late to take strategic
zorrective actions and decisions. Therefore, the strategic con—
trol systew should be designed to compare pretlicted rvesults to

the planned results for the future moments which will be indicated
in SCM on CSF tiajectories (i.e. strateqgic contirol should use

special methods for predicting future organizational results on

CSF trajecturies al the special SCM points and compare them with

the previously determined par values for the same points). Only

in this case will our contiol be strateqgic and distinguishable

from coaoventionnal cantruls. Arcording to Glueck, these conven--

tional countiols are:

1. management control which 1s based an past per formance
antd historical dataj;
2. veal—-time contiol, which 1is councerned primarily with

the technical aspects of control so that information is
as current as possible;

3. performance measurement, which is concerned with goal
cangruence and ovganizatioial effectiveness.

It 1s obviausly nolt easy to do this. For predicting dif-
ferent kinds of C5F’s (qualitative, gunantitative, external, inter-—
nal), we should use different methods, sometimes not very precise
cnes. But never theless, these methods will give us enough infor -
mation for judgement. '

Must scientists when they consider stirategic contral do not
cvoncentrate their attention on how it actually warks. Only Lar-—
ange offers a profound analysis af differences between strategic
and lower levels of control. This comparative analysis 1is very
useful, but we need more than a comparison for designing ow
strateqic control svstem. The CSF-method offers a beneficial
technique faor designing and using strateyic conti ol systems.

Sameane might ask: why not use the PIMS method? The PIMS '
technigue aims to identify the key determinants of profitabi-
lity. Profitability 1is o0one of Lhe most important measures of
organizaltiunal success. The key determinants of profitability
include market share, degree of vertical integration, new product
artivity, capital intensity, vatio of R&D, and that of mai keting
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to sales. Is that 1ot enwaugh for evaluating the organizatiaon’s
performance?  UWhy would we need another technique? PIMS i1s well
developed, and more and maore companies fiom different countries
Are jolning this program.

The PIMS technique, hawever; pravides only geneivalized key
determinants. It does nat provide information about the CSF’s of
par ticular firms or covporations. Therefore, we caimot apply the
information received from PIMS 7results with assured accuracy to a
specific fiyrm. UWe must look deeply at the firm’s specific chararcr—
teristics and determine its awn particular CSF’s. Every firm 1s
unique i1 Sume way. Fur thermmve, chavacteristics other than
profitability are important o the business organization. We
shottld consider the needs of per sanmel, social climate, enviraon-—
ment, governmental palicy, etco. fhese areas sometimes offer more
impurtant critical factors than the key determinants of profit-
ability. The CSF-methods praposes a wider approach for inves-
tigating the business organization. It has been pointed ocut that
strategic cantrol’s wajor characteristic is preventiveness. The
CSF method alluws a realization of the strategic control function
through predicting a limited numbher of factors. If we use the
PTMS technique, we should build wup the future trajectories of
many more fackors, which is very difficult to do.

S, meventiveness 1s the moast important feature of the
strateqic control function. It 1is a necessary, but not suffi-
cient, condition for the straleqic contiol system to work. The
pro-activeness of the strategic control system calls foc 1t to
continuously adapt toa changes and challenges in the environment.
This means baving the flexibility to adapt its own structure,
methods, techniques; to allow the adaptiveness of organizational
goals, strategy, strateqgic plans, structure.

The idea of adapting complex systems arises out of investi-—
gating the hehavior af biological systems. The ability to adapt
1s their majm characteristic. This 1s expressed in their ability
to change their own struchtiire through self—-adjustment and self-
regulation in respaonse tu changes in nature.

It is mare common Lo talk about the adaptiveness of tech-—
nical systems (the Theary of Adaptation ol Technical Systems).
It is also necessary to discnver ways to adapt business organiza-—
tious as well. It would be very interesting to determine the
camaon laws af adaptation of bioclogical, technical and social
systews. The business oiganization includes all three. Such
comnon laws could he a good guide for managers.

The strategic mavagement process 1 equires an adaptive requ-
lator to investigate the natuwre of different influences and chan-—
ges continuously during an on—gaing management process, as 1t is
in nature. Faclh element of the business organization should
adjust its behavimr tu changing goeals and strategies thy ough
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teai ning the behavior of the toutal osganization (the pi inciple of
Hlolon) . Tlanough estimating deviations, the adaptive strateqgic
contiol system should generate different alteinatives, carrective
measures and help top management choose the aptimal one to reas-
sess gunals, strategies, and plans in light of the existing uncer—
tainty. 1t could also help tu set dynamically optimal values
(SCM) of the caontrol variables (CSF’s).

As a cvonclusion: the strategic control system should be
designed to provide not just simple feedback, but adaptive, learn—
ing feedhack, as is foumnd in nature in biological systems. Ap-
plication of such a requlatoyry will guarantee a successful develop-
ment aof Lhe Firm in the long run.

A quuestion arises: how to identify the CSF”s? What kind of
saurces could be used?

Some authors® assert that CSF’s are obvious and that it is
not necessary to laok for specific ways to i1dentify them. We can
agirer with two authors ta a certain extent. Actually, there are
some factors which are easy to define. For example, the following
factors are common for almost every husiness oirganizationn of the
1280°s:

incrveased prouductivity,

efficient utilization of resources,
improved product quality,

adequate strategic decisiaons, etc.

"TEE.

There is 1w doubt that these factors are real. They are formed
in the organization’s extermnal environment, but there are also
many factars formed in the internal envivonment. These are spe-
cific factars for specific development conditions, organizations,
leader ship style, etc., and they are riot obvious. They should be
identified using special procedures.

Ther e are some differences in defining CSF’s across different
applications (MIS, strategic planning). Far the purpaoses of the
sty ateyic contrinl system, we could define CSF’s as those factors,
1dentified and ranked in importance for a particular business
ovganization, which influence its major activities significantly
and performance as a whalej; which serve as criteria for evaluating
the aver'all organizalional per furmance and assessing the environ-—
mental threats and apportunities.

let us first obseive suvuices fram which we can obtain the
infarmation we need far identifying the CSF’s. It 1s necessary
to observe thiee main 1levels: firm’s specific, industry branch,

“such as Hufer & Schendel, 1280.
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socio- poulitical and economic enviivoument. In Fig. 4, these three
levels could be shown as three cuoncentric circles.

The fira™s level. The awgaing strategy, organizatioual
agoals, and policy ave the hasis for formulating the set of CSF’s.
This set 1s specific to the arganization and reflects also manage-
ment abilities, social climate, fiunauwcial status, techwnolagical
level of production, personnel qualifications, social needs,
pusition in the inwdustyvy, geogiaphic location, etc. Theirefore,
the information needed should be concerned with the organization’s
current pey fovrmance, and histovy (previoaus gnals, strategies,
management style, efc.). A clear understanding of existing stra-—
teqy, long term goals, and peyvspective is needed, too. All this
infurmation will serve as a basis for defining the unique or-
ganizational CSF’s chavacterizing its conditiaons of existence and
development.

The industry level. Every arganization develops its sti ateqy
and sets its gonals iu corivespondence with industvial policy and
strategy, 1ndusitrial structure and forces Uthat significantly
impact any compiany opevalbing in that industry. The links between
the Firm’s specific develupment and its branch of industry are
much straounger in countries with centrally plamwmed econamies than
in Western anes. Therefore, it is necessary to gather the infor-—
mation fiom industrial long--vange plans and pyograms concerni'ng
specific production, local plans (of different geographic regions)
and pr ooy ams.

The sociopolitical and ecomomsic level. All information
sou ces beyond industry bouundar ies {(long-range proyvams for socio-—
ecanaomic development; S-year plans; specifiuc governmental program
sich as one far technological development, for implementing new -
bilao-technologies, etc.) must be analyzed. The information se-—
lected will reflert the etonomic, sancial, technological, envivon—
mental policy aof the government, concerning specific industries
and pracduction.

It is wvery impovtant also to gather the information about
leading campanies 1n the same field of productinn (as many authors
suggest). By analyzing this information, the CSF’s of these
leading firms cnuld he identified and used as an example for
forming the specific ovganization’s set of CSF’s. But simply
transferring the CSF’s of a successful firm to another should not
be allowed, because the ciicumstances uundery which they develop
rould he different. The leading firm’s CSF’s are not enough for
the second firm to succeed. They cawn only be a bhasis for reas-—
srssing the second firm’s CSF’s.
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Christine V. Bullen and John F. Rockart discuss 1in their
paper” the interview proceduie as a techunique for identifying the
organicational €C8F’s. The MIT research group used it successfully
in many case studies 1n different fiyrms. Thiough the cairefully
prepared gquestionnaire, the top managers and some of the most
experienced line manayers werre asked to answerr which factors are
mast impocrtant forr the organization’s success (or failure).
Thus, a first set of CSF’s was ohtained.

For the purposes of a strateqgic control system, this ques
tiommaire (based on a list of generalized sets of CSF’s, previous-—
ly prepared through an informal process of induction) should

include the following task:

1. T assess the ahilities of top managevs to look ahead
into the future and to think strategically;

. T estahlish a set of CSF’s which the strategic control
system and cvorperate managers can use as the basis for
evaluating avrgaunizational perfoi mance;

3. Ta create a systematic approach for managers to receive
the vight information at the 11ght time. The identi-
fied C&8F’s could alsa help increase understanding among
managers in their communicatiaon. They can also help
them to cancentrate on the most important events in the
envivonument and ovganization itself.

After the first round of questioning, the CS5F set could be
nffered to a broader giroup of peaple (ot only staff, but also
advanced specialists and even outstanding workers) for confirma-
tion. This is very impor tant fiom the sociological and psycholo-
gical point of view. Involving the hroadest possible gronp of
people in  the provess of deciding which gnals ta choose, which
strategy to follow and control is a question of organizational
democracy and will mativate all persaomnel tn accept the policy of
high-level management. (If we look at how TRC 1is organized, we

find the same teundency. It is ot coincidence that Prof. Shiha
calls his Taeltal Quality fontrral theory "motivational manage-
ment.™)

In the theary of organizational control, the expression "a

cantral gap” is used.® This means that as mich control as you try
ta have over people and jprocesses, the less real control you
hhave. The less i1eal contirol you feel you have, the more countrol
vima try to apply, which in turn further decreases your real con-

trol. To escape this control gap, it is mnecessary to remember
that the contrnl is uanlvy a phase in the strategic management
pt ocess, not an outcome 1tself of business ovganization. We

ZBullen & Rockart, 1981.

Fhalton & Law ence, 19271,
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shoutldl use the stivategic contral fuimction as a means for inteqgrat-
ing gaals, strategies, plans; far implementing them in a united
manayement provess; and for commdinating individual and collective
goals with glubal aones.

It is reasonatile to assume that the "contiol gap"” situatiou
might occur 1f there is a greal number of people involved in the
mroiress of control. This caould happen at the operational or
tactical level of cantrol, bnlt not necessarily at the strateqgic
level of contiol. Involving as many people as possible in carry-
ing vut the strategic control function will aid in reaching the
strrateyic gouals. It will maotivale penple to direct their effoi ts
lLowards a stralegic perspective.

One of the must impoy tant aspects of motivation is the pos-
sihility for personal realization. If everybody knows what kinds
of gnals, strateyies, plans the organization has as a whole and
he is convinced that he has a chance to realize his personal
gnals within the organization, this can help a great deal imn
rezaching the long-—-term ohjectives. It is not only the proper
exerution of the leatders”> tasks that is i1mpoyvtant. The indepen-—
dent c¢reativeness of individuals and personnel as a whole is
needed, tuo. The involvement of many peaple in the strateqy-
mAaking process is cannected with the mechanism of their sociali-
zation. Management itgself is divected towards building up the
feature of "manageability” of the system.

This could be veached 1f the goals of sncialization ave
coardinated with the goals and purposes of the management system,
especially with the guals of strategic managyement. This 1s very
important, becanse as the peaple will implement the strategy,
they should take part in its development and accept 1t as well.

Sa, in the present turbulent times, a business organization
neerds an adequate strateyy and a consistent plan to follow it.

But this is not enouyh. Improvements 1n management control,
which has been neglected far a long time, are needed, toco. For
current needs, a current coantral 1is required: "... positive,

futin e—oriented, behavim-al™,® a constructive one. Control will
help to achieve rchasen goals, ko escape bthreats and to take ad-
vantage of opparvtumities.

Stirategic cantvol is the type of contiol which meets the
above requirements. But much still remains to be discussed in
comection with the design of stiateyic cantrol systems and their
application.

Plowman, 1975,
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1, INTRODUCTION

For the past few years, several studies have shown that the principal technical
innovations, especially those in advanced technology, originated from large and
well equipped organizations possessing huge budgets as well as research and
development units. These new technologies allowing greater efficiency in the
manufacture of current and new products are then transferred to smaller firms.
Most of the time, the latter do not have a choice; they owe it to themselves to
use the new technologies if they want to remain competitive and continue
growing. This condition is all the more imperative when the market is limited as
is the case in Austria; the firms therefore have to export a part of their
production and the competition is very acute on the international markets.
There are also other reasons inciting smaller firms to search for more efficient
and less constraining technologies such as, for example, a lack of skilled labour,
difficulties in obtaining certain raw materials, rising energy costs, new

antipollution regulations etc.

Now, the problem that arises for most of the Austrian firms is centred around
the adaptation of a technology developed elsewhere by and for international
firms. Smaller firms do not have at their disposal the necessary production
scales nor an adequate size for the mast profitable utilisation of these
technologies. They therefore have to adapt them to their specific conditions,
find the adequate means of transfer (especially at the levels of expertise and
autonomy) and set up accordingly an administration. In the context of high
technology, in particular, the introduction process is not always evident; one
must predict the changes to 'bring about in managerial practices, and prepare
psychologically as well as technically the employees to take in this new
technology often perceived as a threat. Furthermore, in this process of
acquisition, the firms must aspire to a certain autonomy from the technological
point of view so that they may undertake their own development and assure

their growth.

This paper focuses on this perspective, and its object is to analyse the process
whereby smaller firms identify, select, acquire, transfer, adapt and manage the
new technologies in order to use them efficiently and to progress towards a

certain technological autonomy.



This paper takes into consideration both technological and organizational
environments in which the firms progress. In my further research I will go
deeper into the planing constraints and contingencies that these firms must
face when they consider and acquisition of a new technology, especially

according to the stage in the life cycle of the particular technology.

2. THE NEED FOR NEW TECHNOLOGIES

For several years, technology has taken a considerable position in the economic
growth and development of industrialized countries. Being conscious of the
important relation between industrial R&D and innovation, on one hand, and
economic growth and the increase in productivity on the other hand, govern-
ments tend more and more to put the emphasis on technological development in
industry. For example, the Austrian government announced the importance of
new technologies: "The installation of new technologies in Austria's industries
and firms from now on hold a priority in the Orientation of government planning
in economic matters"l) It should however be noted that the Austrian govern-
ment has priorities in the following technological developments: micro-

electronics, bio-industries, electrochemistry, etc.

Thus, the governments put into effect a series of measures and programs in
technical and financial aid hoping to directly or indirectly stimulate R&D and
technological innovations in firms. But the question arises: Which firms benefit
most from these programs? One can assume that it is the industries having the
organisational structure and the adequate human, financial and technical
resources to be able to carry out the R&D projects, i.e. large firms.
"Observations indicate that the majority of government programs giving direct

2)

aid to technological innovation are not of much help to smaller firms"™" Just

exactly what happens to these firms facing this reality?

Confronted by acute competition and a tough economy, how do smaller firms
succeed in introducing and managing new technologies and staying at the
vanguard of technological development? What errors shoult they avoid in future

technological acquisitions?
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What errors should they avoid in future technological acquisitions? Among
certain salient points drawn from the socio-economic situation in Austria, on
may remark that "very few small and medium firms invest in research or in
purchasing technology and their products are often so conventional that they
are not even protected by patents"B) It therefore appears that few small and
medium firms in Austria duce technological innovations, which implies that
they often have to turn to foreign technologies or to those of multinationals.
Since smaller firms have characteristics of operation tightly related to their
infrastructure and more specifically to their size, a topic which will be
elaborated in greater length in a following section, how can they adapt this
technology as a function of maximum profitability and of increased productivi-

ty? Do they choose the technology truly suited to their needs?

On one hand, many Austrian firms are influenced by a series of factors which
can incite them to introduce technologies in their firms, such as competition
intensity and the competitors' performance, the increase in productivity, social
and environmental changes, technological imitation, etc. On the other hand, in
a decision of acquisition, the firms must adequately evaluate the appropriate
technology with respect to their human, technical and financial resources, the
market potential, production volume, the competition, the characterisitics
associated to their size and to the type of industry in which they work, their
size and to the type of industry in which they work, their organizational

structure, etc.

3. ACQUIRING A NEW TECHNOLOGY

It is advisable to immediately specify what is meant by the concept of "new
technology". For the aims of this paper, we are limiting the discussion mainly to
the new inventions in machinery and equipment, and secondly to the new
technical procedures and to manufacturing systems. As an example to the new
technical procedures and to manufacturing systems. As an example of the
latter, one may consider "manufacturing systems aided by a computer (CAM)
which provide considerable advantages in terms of rapidity of execution,

versatility and productivity. Thanks to microelectronics, automatization,
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formerly reserved to certain types of mass production, is becoming equally
profitable for productions on a smalil scale"a) It is becoming more and more
evident that also smaller Austrian firms must acquire the machinery and
equipment taking advantage of electronics, because of the numerous benefits
entailed, if they wish to maintain their competitive capacities and their share

of the market.

If they do not opt for a structured and planned approach when decided to
introduce a new technology in the organization, it may possibly evaluate
inadequately, for example, the market potention, the competition, its own
resources, etc. The consequences may therefore be harmful to the organization:
in the case of a poor market study, if the demand appeared lower than expected
for various reasons, there would be, for example, an insufficient use of the
newly acquired equipment, which would be very costly for the organization. So,
if the firm decided to maximally use the acquired equipment, this increase in
the production capacity in the context of low demand would provoke an
overproduction. This prove to be very costly at the level of inventory expenses
and other operations expenses. Furthermore, the implantation of new
technologies may have an impact on the organization of labour (tasks), on the
other functions in the firm, on the profitability, on the workers and the union,

who quite often resist technological change for fear of being laid off.

Consequently, the managers of an enterprise find themselves facing one of the
most complicated decisional processes when it concerns the introduction of new
technologies in their firm. They want to achieve the economies of scale,
increase their productivity, their profitability and their competitive capacities,
but at the same time, that implies investment and operation costs, in several
important cases. Small and medium firms are not structured in the same way as
large firmé and do not have the same organizational characteristics. It is
therefore possible for the small and medium firms to introduce and run

differently these new technologies, when compared to large firms.

It is therefore easy to appreciate the phenomenon's complexity and to under-
stand the decisional and strategic difficulties with which the small and medium

firms'directors are confronted, regarding the technological needs.
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4. THE TECHNOLOGICAL ENVIRONMENT

All firms, large or small, use certain forms of technology. In general terms,
technology is the set of means serving in the production of goods and services.s)
Technological development is usually achieved in several steps, the two main

ones being research and innovation.

4.1 Technological research

This is surely the most costly and mast uncertain phase.s) Basic research calls
mainly upon the fundamental principles of science and tries to make advances
in the knowledge of a specific field. Usually, this type of research is not
involved as such in the aspects of a result's application for immediate use; that
is why research is conducted mainly by university and government research
centres. Sdmetimes, in some very specialized fields like computer science and
telecommunications, some large firms can carry out basic research. Considering
the very nature of these research activities, it is unusual to see small and
medium firms involved in them. Besides, the technological sméll and medium
firms, partiéularly those working in high technology sectors, are heavy users of

7)

results from basic research.

In industrialized countries, where almost all of basic research is carried out, the
results may by made accessible in several ways, but a certain form of
interaction between the firm and the research centres appears just the same to
be necessary in order to further master the phenomena. The geagraphical and
physical proximity can even be a determining factor, as demonstrated by the
well known example of Silicon Valley in California and several technology parks
in Europe. In each case, the incubating environments were the neighbouring

universities and certain government laboratories.

Basic research is not only the basis of technological progress but it serves also
as its motor. A sound reservoir of scientific research confers to a country or a

region the ability to proceed rapidly with substantial technological jumps.



Transfer mechanisms are usually installed to insure the widest use of the results

and of the cross-fertilization of experiments.

This availability thus becomes an important element in the process of a firm's
technological development. Evidently, depending on the type of technology
intended, the accessibility to a reservoir of basic research can be crucial for a
firm's, and more particularly, a small or medium firm's technological develop-

ment.

4.2 Technological innovation

Research and development (R&D) comprises, in addition to the dimension of
basic research, a developmental component which is mainly involved in appli-
cations, and is referred to when speaking of technological innovation.
Innovation and invention are often confused with one another. In fact, invention
is the production of a still unknown configuration, the outcome of a creative
process while innovation, relating more to the fact of using, of implanting

. » .9
something new, refers to a process of adoption. )

For the aims of this paper technological innovation will be defined as the
adoption by an organization, of a technological change that is perceived as
being new. The notion of newness relative to the adoptor avoids having to place

oneself from the point of view of the diffusion process,

During the last few years, technology has become more and more complex and
technological development has been especially concentrated in several large
firms. The OECD's recent statistics show that more than half of industrial
research in member countries of the OECD was undertaken by forty large
firms. In fact, according to a recent research report by the OECDm) it appears
that only 15% of small and medium firms have attained an adequate level of
competence in order to develop technologically by themselves. Besides only 2%
of the small and medium firms actually carry out work in R&D and less than 1%

of all the small and medium firms appear to have the capacity to engage in it.
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This study shows that the small and medium firms rarely appear to be directly
involved in the technological changes but are instead destined to occupy the
technological terrain by adapting these changes in various forms of application
and use. The small and medium firms thus play an extremely important role in
the diffusion of technological innovations achieved mainly by large firms, and in
their useful application. Here, numerous transfer mechanisms must be readily
available for the small and medium firms. It is usually up to the governments in
power to promote the necessary infrastructures to this effect. It has often been
shown that the survival and prosperity of smaller firms depended ‘largely on the

presence of large firms and the easy access to the latter.ll)

4.3 Available technologies

Basic research and its logical result, technological innovation, through
appropriate transfer mechanisms, should allow the formation of an adequate
inventory of technologies that are potentially available to smaller firrns.lz)
Evidently, this technological stock is not always present in an immediately
utilisable form nor is it always possible for a given small or medium firm to
have easy access to it. Even then, everything depends on the industrial fabric in
place and on the supporting organizations. In most of the industrialized
countries, there are institutional networks favouring technological changes and
rapid diffusion of informations. In Austria, there are a fev:/ industrial parks
where small firms are located side by side, as well as an infrastructure allowing

the sound operation of economic activity.

It is obvious that the technological environment in which a given firm is
situated can be more or less rich, but it can still be improved and often by a
better coordination of the various sorts of interveners. Once more, it is almost
deceptive to think that today a small or medium firm could develop
technologically if it could not rely on a technologically well equipped
environment. Modern technology is very dynamic, and in order to advance, a
firm must be able to continually rely on an adequate supply of available

technologies, and this is particularly crucial for firms in small countries like
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Austria. Moreover, if the desired technologies are not immediately available on
the local or national level, it ought to be possible to help a firm obtain them on

the international level.U)

5. ORGANIZATIONAL ENVIRONMENT

A smaller firm can function very well in a rich and perfectly adequate
technological environment without being so much at the vanguard of
technology.la) In such a case, the environment concerned can be that of the
organization itself, which will be called here the organizational environment.
As we know, in a smaller firm, the process of administration and decision is
usually very concentrated and it is either the entrepreneur or the owner-
manager who plays the key role in the fate of his firm. In an over-all view, the
technological innovation can be seen as a strateegy of adapting to one's
environment. Therefore, in a small or medium firm, this role appertains to the
owner-manager, and this is why it appears necessary to immediately deal with
the variables linked with the individual himself.

5.1 Perception of a need for technological change

In general, the smaller firms do not innovate by themselves nor do they
undertake activities in technological development for the sake of keeping up to
date. A certain number of things must happen in order for the director to
recognize the need for a change on the technological side. One can roughly
classify in three categories these releasing elements of a perception of the need

for change:

- diffusion mechanisms,
- international factors and

- external pressures.
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5.11 Delays and diffusion mechanisms

When a new technology is developed, more or less long delays often occur
before it becomes widely accessible. Quite often, it is the rapidity with which a
firm can get hold of a new technology that makes the difference between a
technological break-through and simply keeping up to date. In an equally
dynamic industrial universe, the first to arrive are sometimes the only ones

15)

truly able to survive and progress.

The delays in diffusion are not under the control of the firm's director, but
when he is not completely sensitized to the very existence of the main
technological developments in his sector of activity and related fields, it is
therefore deceptive to think about strategies based upon diligence. It is
primarily his responsibility to be on the look-out for technological evolution.
Evidently, he must be assisted and stimulated in this role, and the diffusion

mechanisms come into account.

The diffusion mechansisms can be numerous and diversified or still be very poor
depending on the industrial infrastructure in the region concerned, and the
sector of activity referred to. In general, diffusion in done mainly from
commercial and business contacts, commercial and industrial fairs and
exhibitions, industrial and professional associations, technical and professional
literature, chambers of commerce and industry, and certain special activities
undertaken by governments and certain research organizations.lG) In spite of
the promotion, which is sometimes very intensive, carried out gy these go-
betweens, in the long run it is still up to the director to gather the information,
digest it and quickly determine its pertinence. This form of sensitization is
more of the passive type, in the sense that the information is in some way
imposed on the individual. Nevertheless, it is an efficient method having in
mind a larger number and often forming the first step to a process of

recognizing the technological needs.l7)
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5.12 Internal factors of the firm

In this case, the triggers are mainly of an organizational nature. Most often, it
is the firm's performance which will be the centre of the director's awareness.
In manufacturing firms, particularly, the organizational efficiency is expressed
by different signs of productivity, which permits immediate inter- and intra-
industrial comparisions. A drop in productivity is due most of the time to
excessively high production costs, generated either by labour or by the

techniques utilized.

As it is often difficult either to motivate the people to work harder, or yet to
reduce their salaries, or yet to drive them to work with greater perfection and
skill, we therefore have to resort to technology to solve the problems of
productivity. A more modern technology, as for instance in the form of
automated machinery, can have as an effect an important reduction of
production costs because it usually allows to substitute labour; to produce more
rapidly and without stopping; to bring out a product of superior quality; to

18)

increase the product's degree of sophistication.

Moreover, it often happens that machinery which is more automated is made
necessary by a flagrant lack of skilled labour. The second problem concerns the
availability, the prices and the quality of raw material. Even then, a new
technology relying on alternative procedures and on more accessible
replacement materials would be welcome. Ever since the oil crises of 1973 and
1979, the energy cost comprise another militant factor in favour of less energy-
consuming technologies. Finally, in this category of internal factors in the firm,

one should note the technological obsolescence of many smaller firms.

5.13 External pressures

There is a whole series of pressures arising from the firm's economic
environment which literally forces it to look for other solutions towards
technological modernization. The greatest of these forces is probably the one

exerted by competitors. First there is local and national competition; the



traditional sharing of this market has been particularly overturned during the
last years by the intensive penetration of the multinationals and the dumping in
countries undergoing development.lg) Austrian firms can hardly longer rely on
protected markets and the only way to avoid elimination is to counterattack by
becoming even more competitive than the foreigners and to progress even more
by attempting break-throughs in the outside markets. Since technological
modernization is still the surest way of increasing productivity, it is once again

indispensable.zo)

Connected to competition, there is also the pressure exerted by the clients
themselves. The changes in the market are coming about at a speed that is
always accelerating; we have only to think about the revolutions in the fields of
micro-computers, bio-technology, telecommunications, etc. to convince
ourselves. All these new products require advanced technology and increased
capacities in development. Even the sub-contractor firms are subjected to the
same imperatives; the larger clients, for all intents and purposes, impose upon
them their own technology. In a similar way, the suppliers, too, exert pressures.
The technological changes operated in one firm induce changes of the same

nature in others.

Finally, there is a widerange of socig-economic pressures and new laws
compelling firms to utilize the least polluting, the safest, the least energy-
consuming, the most efficient, the least dangerous for the worder's health, the
least tiring, etc. technologies. Even if these restraints do not often require
immediate changes, the firm will have to respect them as soon as possible if it

does not wish to incur costly sanctions.

5.2 Research and identification of new technologies

The need for a new technology having been foreshadowed, the director must
start the research process meant to lead him to an identification of one or a
group of potentially utilizable technologies by his farm. We should remark here
the sometimes very personalized characters of this process; the characteristics

of the individual are very determining. A good open mind will permit the
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director to transcend the traditional schemes, to disregard biases which are
sometimes too conservative, and to judge the propositions with more rational
criteria. His role which consists in identifying one or several new technologies
meaning to allow him to better adapt his firm to its environment, will be even
better filled as he will treat the information according to its own merit and not

according to his tastes and personal expectation.

The number and the diversity of the sources of information actively asked for,
as well as the authorities, experts and professionals consulted, will determine
his level of confidence in the subsequent steps. Well made choices in the field

of specialized information will lead the manager to act rapidly and logically.

It is highly probable that the technological jump can be achieved only by
individuals possessing the necessary traits, the characteristics of the true

21)

entrepreneur. Evidently, all firms are not subjected to the same
technological imperatives, but it remains that in the field of innovations, the
element of newness is uppermost and the way in which the individual will grasp

it will determine to a great extent his success as an entrepreneur and manager.

5.3 Technical culture

This concept refers to an individual's predisposition, based on knowledged and
organizationalability allowing him to recognize, to evaluate rapidly and to
22) With the aid of such a

mental scheme, the manager will be able to identify new technologies that will

exploit successfully technological developments.

be potentially appropriate for his firm, to evaluate them, to see how they can
be favourably transferred and to choose the most suitable one. Several
techniques and instruments can be utilized for these steps, but the

responsibility of making the final choice still lies with the manager.

A question can be asked, concerning how one can appreciate an individual's
level of technical culture. It probably concerns a mentality or more precisely
attitudes and these can be the object of certain measures, especially witz

regard to the level of knowledge and the predispositions; but, like all other
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measures of this type, they aree just indicative. However, what is even more
important is the fact that the technical culture can be developed and
considerably appreciated when a certain number of conditions are brought
together. For example, education, values, information, training, promotions,
can all contribute to the stimulation and the development of a technical

culture; Japan is a case in point.

Therefore, with his level of technical culture, the manager should be able to
evaluate the new technologiés which are appropriate for his firm. Without
immediately entering into the details of this process, it is however appropriate
to take into consideration the firm's technological level and its stage of
development. There is no universal definition of the technological level. For the
purposes of statistics, the Bureau of LLabor Statistics in the U.S.A. classifies

firms als follows?'}):

a)  high technology:

firms whose expenses in R&D and whose number of technical employees are two
times greater than the average for the whole of American firms; this includes
especially the manufacturers of pharmaceuticals, computers, electrical
components, airplanes, laboratory equipment as well as firms in programming,

data processing, bio-technology, and communication;

b)  strong technology:

the firms whose expenses in R&D and whose number of technical employees are
above the average for other firms; these are mainly firms involved in chemical
products, petroleum refinery, manufacturing of products like textiles, printing,

electrical appliances and medical equipment.

c)  medium technology:
the firms whose factors listed above, are in the national average; one can
locate industries like machinery, instrumentation, transport equipment,

automabiles, etc.

d) low technology:
those whose factors are below the over-all average; the pulp and paper,

furniture, shoe, steelworks, food, etc. industries.
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Even if one considers the firm's level of technological sophistication, the task
of the manager working in a lax sector is not eased that much; that depends on
the starting point and the goal. Quite often, the manager will have to look
beyond his own sector of activities in order to find exactly the new technology

24)

best suited to his needs.

Another crucial dimension in the introduction of new technologies concerns the
firm's phase of development, which can be divided into three principal stages:
the start, the dynamic growth, and the consolidation. It is admitted that the
manageﬁal problems are very different from one stage to the other; the
introduction of a new technology implies a particular managerial strategy which

must be on equal terms with the firm's state of development.

6. THE STRUCTURE OF TECHNOLOGY TRANSFER

Parallel to the evaluation of technologies, the management must ascertain the
available transfer mechanisms. One must the admit that the transfer of
technology is similar to all commercial transactions in that the forms and
conditions of this transfer, and consequently the benefits and costs which result

25)

from it, are the object of negociations between buyers and sellers.

It is pertinent to note that the transfer of technology in the world is mainly the
work of multinational firms. The importance of their research budget related to
their international vocation gives them a major position in the world market for
technique and innovation; one even speaks of "a monopolistic type of

26)

market". In transfer of technology, one usually distinguishes direct flows

from indirect flows.27)

Direct flows comprise the measurable factors that firms are able to figure out:
licences, patents and direct investments come first, followed by the training of
users and by after-sales service. Often, a licence contract is combined with an
investment; this is a way considered as allowing the rapid acquisition of a given

technology. The other ways are the training of employees, eihter at the
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transferee (medium level staff and performing personnel), or at the transferer
(technical assistance, research aid, development and engineering aid). One can
note here that the training of personnel can be a vehicle for the transfer of
technology just as well as for managerial practices, notably in the framework of
client/sub-contractor relations. Consulting firms play a significant role in the

transfer of technology, especially in the fields of management and training.ze)

The indirect flows are the result of the psychological effect, produced on the
heads of transferee, by the direct flows. This induces various phenomena: the
observation and imitation of new techniques allowing their diffusion from one
firm to the other; the creation of a primary market by the transferer leads to
its expansion through the progressive entry of new products into this market.
The bringing of new techniques creates a considerable emulation in the country
or the region where the local industry is in the position of imitation the
innovations. All these indirect effects can lead to total modernization,
restructurings, and changes having as a result the improvement of the firms'

performance on the whole.

The means of information and communication constitute other methods of
transfer, particularly technical publications, abstracts, specialized magazines
and books. Certain countries or regions have at their disposition documentation
centres and data banks. It seems however that these methods can serve as
incitements with the heads of firms to turn to services for specialized personnel

or to consultants.

6.1 Selection of an appropriate technology

The factors described up to now arise from the manager's culture and appeal
especially to his level of technological sensibility and acuteness in spotting long
and short term development opportunities within his enterprise and
environment. This progress ought normally to lead to an ultimate choice of an
appropriate technology for his firm. This choice should be based on an ensemble
of technical and managerial considerations which would resemble a feasibility

study. Additionally the management has to consider that every technology has
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its own life cyclezg)

and each stage of the life cyele requires individual
strategies for the firm. The crucial question of timing occurs in every case of

technology planning and selection.

6.2 Organizational characteristics

In making the final choice of the technology to introduce into the firm,
management ought to know thoroughly his possibilitys for internal and external
financing. The costs can be grouped into three phases: the feasibility studies;
the development and the adaptation; and finally the implantation. The
feasibility studies represent a small percentage of expenses; it is mainly at the
levels of development, adaptation and implantation that the costs can prove to
be high and it is exactly at these stages that the evaluations are difficult to
complete. Therefore the management ought to be ready to seek funds from
several sources: internal funds of the firm, banks, the issuing of shares and
debentures, insured contracts from large clients and government subsidies. Not
only must these funds be available but these conditions must also be within the

capacities of the firm.

Probably one of the most curcial resources for smaller firms wanting to
introduce a new technology and at the same time the most problematic is
qualified labour. These companies have a particularly hard time recruiting and
keeping their skilled labour. Furthermore, they usually do not have at their
dispasition well conceived programs for training and development of personnel.
Modern technology is so dynamic that public and private systems do not succeed
in training the individuals to the firms need. Large firms have installed their

own training centres; this in beyond the means of smaller firms.

Since most of the transfers of technology are done from large firms, the factors
of scales and sizes deserve special attention. The scale is mare than the size;
it's the size wih proportions and consequences. When the prportions are no
longer in harmony, or when the consequences are not anticipated, firms then
have problems of scale. In other words, the scale refers to the size and to the

structure of the organization.m)
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However, rather than increasing the size, it is often more convenient to
subdivide the process's functions and to try to find or yet to develop specialized

31)

equipment for each function or step.

The problems of complexity assiciated with size become more evident when one
considers the infrastructure, the coordination of activities, the logistics aspect,
the ability to make decisions, the employees' motivation. Thus, the issue dwells
upon the fact that the organzation must find the optimal size considering the
technologies utilized allowing it to effect the largest humber of economies of
scale possible.n) One must also note that different technologies can have
different effects on the scale of organization. There is nonetheless a
technological limit under which it would not be possible zu obtain economies of
scale. Finally, without going into all the details of this issue, let us remark that
the firm must attain al critical size effected from major process innovations

like, for example, the introduction of microprocessors in manufacturing (CAM).

The structure of a firm, determined to a great extent by the size and by the
core technology, can constitute a major curb on the adoption of new
technologies if it is too concentrated, rigid, sclerosed, formalized or yet
completely inexistent. In the case of a small or medium firm, the structure is
often indicative of the sharing of responsibilities and of the division of labour;
it therefore allows us to know if the technological innovation can be done only
at the head of the firm or collectiviely. The same chain of reasoning applies to
managerial capacities. All the studies on the matter have shown that it was

33)

impossible to dissociate technology and management. Therefore, to
technological changes there must correspond certain changes in management
practices and techniques. Among these is the ability to introduce changes, to
overcome the resistance of the employees, to convince them of the benefits of
the new technology and to show them, backed by proof, the wisdom of the
management's decision. These practices in organizational development are
particularly fundamental in the cases where the new technology guestions the
abilities and experience of the employees, threatens jobs or yet implies a
redistribution of tasks. When one must come to terms with an unconvinced
union and constraining legislation, all the expertise and the strengh of the

managerial team ought to be pressed into service.M)
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6.2 Characteristics of the transfer mechanisms

The important elements of transfer mechanisms concern the implied costs, the
level of dependence, the ulterior development potential, the available expertise

and assistance, as well as the various legal requirements.

The structure of costs related to transfer refers mainly to the initial payments,
dues, financial plan as well as incidental fees. These elements are usually
negociable; good planning in this field allows a better distribution of the forces
present. It is unusual for any transfer og technology not to leadvto a certain
form of dependence. This is normal since the transferer has what the asker
wants. There are evidently no magic recipes in this field but the golden rule
seems to be: trying to get organized so that the agreement will be beneficial to
both parties and that each will profit from the upholding of collaboration. A
firm that is completely dependent on a supplier of technologies will have
difficulty in achieving long or medium term technological autonomy, an
essential condition for leadership. Related to this dimension, there are also the
possibilities for the development of the technology to be acquired. If this does
not allow improvements and subsequent refinements, it will constitute one more
obstacle to the firm's technological autonomy and specific technological

charac ter.35)

7. ACQUISITION AND INTRODUCTION OF THE NEW TECHNOLOGY

The choice of the technology having been made, it is now a matter of
proceeding with the transactions leading to the actual acquisition of the
technology. Even if the whole process was well planned and prepared, there can
still be problems in the acquisition. For example, delays in delivery can occur
with the equipment and instruments; the financial arrangements can be more
difficult than expected; experts having to advise the firm may not be available;
certain misunderstandings can also occure on various points. What should be
stressed here is that the acquisition of a new technology is not a routine

affair.36)
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With regard to the introduction, it concerns, as it has been already pointed out,
a crucial step in the organizational development, especially with the employees.
Unless the employees have been well prepared for this change, it is possible to
encounter resistance, and even sabotage. A learning period must also be
provided for, not only for the new techniques, but also for a different way of
thinking and for tackling the new techniques, but also for a different way of
thinking and for tackling the new technology. The new approaches can induce
prolonged training periods, shifting of personnel and certain recruiting efforts.
During this intensive period of introduction, the employees will have to get used
to working alongsinde the experts, the specialists and often the skilled labourers
from other firms. On the management level, the coordination efforts will be at
the maximum, and all the available resources will have to be made useful. The
amplitude of these efforts to be made use of depends mainly on the degree of

previous preparation and the technological jump to undertake.

8. ADAPTATION AND IMPLANTATION

It is unusual for a new technology not to require several adjustments,
modifications and alterations. In the case of transfers of ready-to-operate
technology, these adaptations are mainly made by the supplier, usually at the
expense of the buyer. The adaptation, is not only technological but is also
managerial and psychological. The more the technologies introduced will be
oriented towards intensive knowledge, the greater the adjustment in attitudes
will be. In fact, it concerns passing from an essentially mechanistic approach of
technology to a more globalistic and abstract approach. It is not at all evident

that such a change in mentality can be made rapidly and without shocks.

Implantation is the starting up and the breaking in phase of the new technology
and as such shoult not cause any special problems. Some adjustments will still
be able to be made but one should already be in the position to judge the pace

of the firm following the changes.
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9. CONCLUSION

When technological implantation is followed closely by an intensemanagerial and
organizational effort, especially where closely by an intense managerial and
organizational effort, especially where control, coordination and scheduling are
concerned, the results come more rapidly and are more convincing. The
principal indicators on the firm's instrument panel provide the vigilant manager
with useful information on the necessary administrative adjustments at the

right time.

The impact depends mainly on the firm's strategy and will make itself felt
especially in the immediate external environment of the organization. In the
case of a small or medium firm, it is not always possible to identify exactly the
causes of fluctuations because of their high degree of vulnerability with respect
to their environment. However, a well established strategy comprises check
points allowing the manager to interpret the progress of his firm. Therefore,
the management must be ver aware that the impacts will make themselves felt
in the short run as well as in the long run; one can often observe the managers'

impatience when the desired effects take a long time to come.

This paper is an attempt to explain complex phenomenon and which ought to be
verified in den solid reality of firms. If the above suggestions and quidelines are
incorporated into a systematic process, the problems of planning, acquisition
and implementation may be overcome. As a result the manager can propose
future technological positions that will be most competitively strong and the

means for achieving those positions.
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ENVIROMMEMTAL ANALYSIS FOR
STRATEGIC TECHNOLOGICAL PLANNING

Andrei Sterlin
IIAS5A, Laxenburg, Austria
YSSP 1986

INTRODUCTION

Modern industrial oirganizations exist in complex and increas-
ingly unstable environments. Even sccialist enterprises function-
ing in more stable economic conditions produced by central plann—
ing economies have faced in recent years a volatile process of
frequent changes 1i1n  their state economic agencies’ regulatory
acts and decisions, problems adapting to rapid technological
developments, and sudden events in the world economy. More than
that, they are becoming 1increasingly involved 1in international
business aperations and consequently in interactions with less-
certain market forces.

Both theonrists?® and practitioners note an accelerated rate of
social, political, technological, and economic change. The dis-
continuity of change most organizations are facing makes it dif-—
ficult to predict the future development of their environments.

The great modern technological adventures —— micro-electro-
nics, new developments in energy production and conversion, bio-—
technologies, production of new materials —— are reshaping indus-
try’s future. Broad implementation of micro-electronics in pro-
duction and services allows many theorists to speak of a new
industrial revolution based on flexible automation.® Adapting to
these trends, many economies are in the process of structural
chamnge.

Revolutionary scientific discoveries, inventions, and inno-—
vations are «changing the shape of industrial competition drama-
tically. A firm’s competitiveness is becoming increasingly depen-
dent on 1its technical subsystem. In part, this i1s caused by
shortened praduct 1life cycles. "One moment, infancy; the next
moment, old age. Blink and you miss the market.”@ But the main
reason is the growing economic and market—-efficiency dependence
on the technical level of a firm’s production facilities, espe-
cially equipment.

*Toffley, 19703 Drucker, 1246%9; Ansoff, 1980.
F|Ayres, 1984 .

*De Bresson, 1985.
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Both reasons are interconnected since the sharter product-
innovation cycle 1in industrial goods production accelerates the
irate of renovation in manufacturing processes or, to be more
correct, produces a background for rapid process innavations.

Different factors, some of which are discussed i1n Ramanujam,
1985, limit the rate of process innaovation, and 1lead to lower
overall innovation 1intensity in i1industry, forcing manufacturer s
to focus their efforts, their financial and physical resources on

praoduct irmmovation. Generally sSpeaking, this policy threatens
the firm’s competitiveness 1n the long-run. Research on the
factors underlying an effective loang-range technological strategy

of organization might be very productive.

Phasing out labor—intensive industries in industrial coun—
tries and concentrating them in countries with lower wages adds
up to the process of increasing the capital—-intensive character
of industry in developed countries. The competitiveness of their
modern, capital—intensive, high—tech production both in domestic
and international markets is mostly determined by their ability
to maintain and advance to high levels of efficiency in the pro-
duction technolagies they exploit. Therefore, continuous techni-
cal renovation and hence process innovations are becoming the
main concern of top executives and strategic planners at in-
dustrial organizations.

But since the remnovation is usually a very expensive (even
when limited to aone prnduction unit or production line), lingering
and risky process, a new technology may become obsolete or cease
to satisfy either production or market needs by the time it comes
to operation.“ As the process is also influenced by many tightly
interconnected factors going far beyand only technical considera-—
tions, it is very hard for decision—-makers to justify investment
projects in renovation or process innovation properly.

In addition to the incireased financial risk of a wrong deci-
sion, the world is now facing the much more dangerous risk of
technical failure of increasingly complex productian systems.
Catastrophic accidents like those at the Bhopal plant or Cherno-
byl powerr station sharpen the problems aof safety and reliability
of modern technical systems, their internal consistency and fit-
ness with existing systems and man—machine inter face. Analysis
of integrated factors i1s becoming an ohjective necessity in tech-
nological development decision—making, even at the level of the
individual organizatian.

To decrease the risk of these projects failing both in tech-
nical and financial terms, a decision—-maker has to improve the
quality of prior analysis. This can be achieved either by widen-—

“see, faor example, Mensch, 1985.
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ing the scaope of analyzed factors or by systemizing an analytical
process or by both. Evidently, both external and internal (intra-
cperational) factors must be analyzed.

A review of current literature on the subject shows that
severral methodological as well as practical praoblems are invol-—
ved. The main ones are as follows. First, despite a great num-—
ber of theoretical works in the field, there 1i1s no unanimous
concept; it is split rather into several, sometimes contradictary,
branches. Second, no one concept embraces all the major groups
of external factors having a strong potential impact on a firm’s
technological innavation stirategy. Third, a large gap exists
between theoretical recnmmendations and their practical applica-—
tion. Finally, since there is nao systematic theory of business
enviraonment analysis, it suffers also in practice from a lack of
an integrated approach which would emphasize the analysis of
interdependencies between the external factors.

In this paper, we shall try to answer same gquestiouns arising
in this short introduction. What 1s the current state of theore-
tical research in the field of envivronmental analysis? What are
the limits of the major concepts? Is there a gap between current
theory and practice? What are the reasons for this contradic-
tion? Is it possible in principle to develop an integrative
approach to enviromnmental analysis with respect to innovation
strategy?

In conducting this research, we are convinced that manage—
ment policies must be directed towards creating forward-looking
strategic analysis and plamming systems suitable for uncovering
problems caused by external factars in particular and solving them
before they become critical. In other words, we assume that
certain analytical forecasting and planning methodologies exist
which increase an organizations’s chances to avoid a crisis rather
than to manage the crisis after it becomes apparent. But even if
an organization fails to avoid the crisis completely, prior ana-
lysis (resulting, for example, in different scenarios or contin-
gency plans) can help greatly to cope with 1t.

This preventive approach requires developing a methodology
to select and analyze the most important enviromnmental variables,
particularly those which significantly influence technological
develaopment decisions 1in industrial organizatiouns. One of the
possible models which is suitable for an integrative analysis of
enviromnmental variables 1s suggested in the final section of the
paper.



A

1. THEORETICAL. APPROACHES TO ENVIRONMENTAL ANALYSIS: A BRIEF
REVIENW

A large amount of work has been done in the field of environ-
mental analysis research. It is quite natural that this problem
attracts the attention of theorists in countries with market
economies. But it 1s still essential for centrally planned econ-—
omies, as well. Never theless, the commonly accepted point of
view underestimates the criicial necessity of such research for.
socialists enterprises and centi al economic agencies. This posi-
tion, held by some theorists and especially by the majority of
practitioners, causes a deterioration 1in gquality of economic
plans and often leads to costly mistakes. We think it is wrong,
and several theorists support this viewpoint.=

More advanced Western research on organizational environment
is sepatrated into five categaries:

1. Industry Structure model

2. Cognitive model

3. Organization Field madel

4. Ecological and Resource Dependence model
3. Era model

The Industry Structure model sees the dominant aspects of an
organization’s environment in the industry or industries in which
the firm operates. An industry environment consists of a parti-
cular set of competitive foirces that establish both opportunities
and threats. The forces” pattern changes due ta the actions of
"competitors.” Porter (1983) uses this term to refer to buyers,
suppliers, substitute products/services, potential industry en-—
trants, as well as strateqic groups of directly competing firms.

This model contains only passing references to the enviran-—
ment beyond the industry level. What might be termed the general
environment is simple discussed as a source of “external forces.™

The Cognitive model suggests that top management’s collec-
tive understanding of its enviroiment is assumed to be embodied
in a cognitive structure. A cognitive structure serves as a
context for formulating specific corporate strategies and is
fashioned and sustained by thase with requisite power and influ-—
ence.”

SAganbegyan, 197%9; Medvedev, 1983.
“t enz, 1268h.

“McCaskey, 1982.
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With this model, a change 1n an organization’s environment
is evidenced by the 1ncounsistency between what a managev thinks
should happen (i.e. causal relationships specified in a cognitive
structure) and what actually occurs in his/her stream of experi-
ence. In this way of thinking, individuals detect environmental
change after 1t has happened by reinterpreting experiences that
did not make sense when they occurred.

The relative simplicity of organizing oerganizational leain-—
ing and adaptation models employed by the theories of cognitive
learniig belies the complexity of the »i1elationship between an
organizational environment and strategic decisions. Strategic
decisions are usually based on informatiaoan about the environment,
rather than on an executive’s direct experience with aspects of
the envivonment.® Hence, they are subject to all of the frailties
of the information—gathering and filtering system both of the
organization and of its individual executives.”

The Organization Field model postulates different approaches
for conceptualizing enviromwmental structure. There ave several
non—hierarchical conceptions of organizational environments.:®
They contain no explicit assumptions about the structure of or-—
ganizational environments. This envivronment is simply assumed to
be comprised of interdependent aorganizations that can influence
organizational goals and rescurces and the public perceptions of
a focal organization. Primary emphasis is placed on the goal
stiructures and relative power distribution between interdependeunt
organizations in the environment and in focal organizations and
on the efficiency and effectiveness aof exchanges.

In contrast to these approaches are hierarchical concep-—
tions, rooted in the work of Dill (1938), that make more explicit
assumptions about enviraonmental structure. Thompsan (1947) pro-
posed dividing the total enviromnment into a hievarchical arrange-—
ment aof two levels. The general environment has no apparent
outer boundary and seems to be the realm of ever ything beyond the
task level. It is indirectly referred to as the source of trends,
conditions, political actions, noyms and/or broad sacietal pat-
terns. The task environment is assumed to include organizations
which directly influence the setting and achievement of an or-

ganization’s goals. It begins where the general environment - -

leaves off and ends at points of deperndence defining the bounda-
ries of an organization’s daomain.

®|Aldrich, 1973. -
“Kiesler, 1982.

t®serm, for example, Williamson, 1973; Freeman, 1984.
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Bouigeois (1980) has established a theoretical 1linkage bet-
ween this conception of enviraoanment and the hierarchy of strate-—
gies (i.e. carporate and business-level strategies) that charac-
terizes diversified corporations. We think that, despite its
conventionality, this approach reflects the real state of things
to the greatest extent, and we will follow it further.

It 1s wusually asserted that envirounmental change originates
among the broad trends of the general environment and flows 1in a
non—-directional path to the task level of the euviromment. As
Lenz and Engledow (19846b) note, however, there is little systema-—
tic commentary about what triggers change at the geweral environ—
mental level and how this change affects task environments of
organizations.

Galbraith (1977) pointed out that the boundary between the
organization and the environment is not sharp. Thus, the organ3;
zation spills over into the enwironment and the environment in-—
trudes into the organization. These factors complicate the defi
nition of ovrganization and environment.

The Ecological and Resource Dependent model uses two ap
proaches to describe the structure of organizational environ—
ments. The first emphasizes a rather vaquely defined open-sys—
tems framework; the second employs the notion of hierarchy to
disaggregate the overall environment into internally homogeneous
levels.

In open—-systems conceptions, ! organizations are assumed to
be the most important parts of the environmment, which is charac-—
teyized in global terms. Emery and Trist (1945) describe fow
types of environments: placid/randomized; placid/clustered; dis—
turbed/reactive; and turbulent. Aldiich (1979) used the ideas of
natural selection and resource constraints in formulating a popu-—
lation ecology model, which describes the environment in terms of
the nature and distribution of resources. 0Organizations are seen
as competing for resources as they seek liquidity (readily conver-—
tible resources), stability (resources with relatively fixed
value over time), universality (widely sought resources) ov simply
lack other alternatives. An "environmental niche" or "viable
form of living” is same combination of resaources which proves
capable of supporting a particular organizational form. Aldrich
posits six dimensions to descrihe niches: environmental capacity,
stability/instability, homogeneity/heterogeneity, con—
centration/dispersiaon, duomain consensus/dissension, and tur-
bulence.

In some works using ecoclogical and rescurce concepts, it is
assumed that arganizatinonal eanviranments are hierarchically struc-

1inldy ich, 1979; Emery, 19463,
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ture. There 1s little agreement, howeve:r , caoncerning the number
of environmental levels or what comprises each level. Pfeffer and
Salawcik (1978), for evxample, describe environment in terms of’
three hierarchical levels; Thorelli (1977) offers a model in
which there are five.

There is alsoc little agreement concerning the pace of envi-
ronmental change. Some authors argue that environmental change is
systematic, continuous, and potentially predictable. Environ-—-
ments, it 1s said, cannot change randomly or discontinuagusly
because of two opposiiig forces whose effects tend to dampen each
other. One force is "innovation,”"” the scurce of change, and the

othey is "acceptance,"” the snurce of order. An innovation is a
variation in the environment and is broadly defined as any change
that results from experimentation in patterns of living. Aun

innovation that persists becnmes an acceptance. Discontinuous
environmental charnge is impossible i1n this logic because 1t takes
time (sometimes decades) for an innavation to displace existing
acceptarnces.

Other theorists!® share more realistic views, arquing that
ocrganizational environments are becoming more turbulent. Manage-—
ment litevrature 1is full of hysterical phrases like: "shocks,
Jolts, and surprises seem to continuocusly upset organizational
planus. The world seems to be a chaotic and frightening place".=
It is considered that the growing turbulence stems in part from
the increasing numher and size of organizations, more caomplex
crganizational forms, the growing impact of governments, des-—
tabilizing efferts of social change, the increasing inter—connec-—
tion among organizations, ecoclogical 1limits of the natural en-
vironment, rapid technolagical change, as well as other factors.

Among the ways in which environments come to be known and
which only a few of the ecological models discuss directly, one
notes the use of faormal strateqgic planning processes,** the im-—
planting of effective information systems,?™ and the development
nf assessment procedures for evaluating external demands.:®

The Evyva model is wused to describe aorganizational environ—
ments in their broadest senwse —— as a context of institutional
structures, social roles and human values. 1ts prospects suggest

1% mery, 19465; Pfeffey, 1978; Aldrich, 1979.
135 tubbar-t, 1983.

1“Thorelli, 1977.

*ZAldrich, 1979.

1epfeffer , 1978.
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that certain broad societal processes establish the foundation of
enviraonmental structure. Toffler (1981), for example, postulates
six on—going "spheres"” of action as structural determinants of
society (e.g. techno—sphere, socio-sphere). Each sphere has its
own dynamics, yet is functionally related to the others.

All supparters of the era model agree that societal change
results from 1individuals’ actions; some of the authors add the
effects of technology and the actions of institutions (e.g. cor-
porations).? And nearly all branches of what is called the era
model pay relatively little attention to the administrative pro-
cedures by which organizations come to know their envivrouments.

A large body of research has been done in recent years in
the field of technology assessment. It can be viewed as a branch
of the environmental analysis studies, although it does not cor-
respond directly with any one of the main theaoretical models.
Technology assessment as an area of applied research deals with
stich issues as arn assessment of societal and ecological impacts
of new technalogies, the development of assessment techniques,
and the functioning of public and government technology assess-
ment agencies.:® There are cervtain links between techuological
planning from the firm’s perspective and the technology assess—
ment concept. It should be uiderlined, however, that while the
latter emphasized the indirect or delayed consequences for society
of a mnew technology intioduction, the former considers first of
all the influence of external variables on a firm’s technolagical
policy.

HHhile Porter et al. (1980) noted close comnmections between
technology assessment and "enviranmental impact analysis,"” they
succeeded in not mixing both conceptions. They stressed that
special attention should be paid to wvarying accents in these
apptroaches. This applies especially to "innovation research,”
which analyzes conditions favorable or unfavorable to the adop--
tion of new technologies and products and their diffusion.

Althaugh technology assessment research lacks a systemic
view of industrial technology applications i1in the broad framewor k
of a firm’s general ami competitive task environments, the indus-
try structure model and in particular works by M. Paorter fill
this gap to a certain extent. Porter’s (19280) approach to ana-

lysis of a firm’s task envivomnment includes “five fundamental
campetitive forces,” that of industry competitors, suppliers,
buyeys, potential entrants, and substitute products. This ap-

17 odge, 197S.

1%Pg1-ter et al., 1980.
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proach was repraduced in his later works:¥ and is currently ac-—

cepted by many researchers.®2 Although not without certain advan—
tages, Porter’s methodology does not directly include the impacts

af sncietal and cther general envivonment variables on a firm’s

technological development. He views technology only as a competi-
tive force and notes that the competitive significance of a tech-

nological change depends neither on its scientific merit nor on

its effect oan the firm’s ability to serve market needs per se, but
rather on its impact on industry structure. Technological change

can potentially affect a wide spectrum of determinants of the

industry structure. When a firm’s technological innovations are

appropriate, these impacts of terhiwological change on structure

are the fundamental motivations underlying the firm’s choice of

technalogical strategies.®* But in this laogic, general environ-

mental determinants are not even mentioned.

1.1. LINMITATIONS OF CIRREENT THEORY AND PRACTICE

The models briefly character ized above are nat alternatives
equally useful for organizational environment analysis. Instead,
they are based on fundamentally different assumptions regarding
the scope, structure, and behavior of environments.®= The limited
character of each model gives no means to systematically facus
environmental scamnning and analysis activities. Even the broadest
era model suffers from a lack a conceptual development about the
stiucture and functioning of the general enviironment and threateus
to trap analysts in an almost open—ended process in which it 1s
difficult tao sorrt out relevant from irrelevant information.
Current theory gives no 1integrative conceptual framework for
guiding and interpreting the full range of economic, techwolaogi-
cal, social, and political forces that are known to influence the
strateqic actions of organizations. As a conseqguelxce, reliable
environmental faorecasting and experienced—-based conjecture are
laigely limited to short—-term assessments of incremental changes
in the econamic and technological aspects of task and industry
environments. Identifying and interpreting the consequetnices aof
longer -term change remains a highly intuitive and often haphazard
process. =3

1°for example, Poiter, 1983.
80gee, fur instance, Bates, 198S9.
2iMensch, 1979.

23 enz, 1986b.

23 enz, 1984b.
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It is not surprising therefore that, according to the sur-
veys, the majority of corporate analysts engaged in environmental
analysis on an almost daily basis had no coherent notion of how
their portions of the environment were structured or what caused
them to change.=« The study of Fahey and King (1977) reveale=d
that only a small proportion of firms were undertaking continuous
scaming. A mmre recent survey found out that even among large
carporations recognized as "leading edge," the mortality rate of
formal environmental analysis units has been relatively high. =%

flontemporary business history contains a number of examples
of a firm’s failure to recognize environmental chawges in time,
especially 1n new technnlogy fields, and to react in an appropri
ate mannmer .=« Strategic plaming models as well as the majority
of other analytical methods that firms wuse in their planning
activities are not well suited to the character of the problems
firms are facing. As Stubbart (1985) noted, while strategic
planmming models have borrowed the form and language of algorith-
mic models (e.q. linear programming), strategic problems and
their context are totally unlike the problems for which algorith-—
mic models were designed. Strategic problems occur in complex
sncial environments; they aire apeviodic, unstructured, and
"wicked."

It can be suggested theiefoie that some corparate failures
caused by external factors could have happened not only due to
the turbulence and unpredictability of environmental change, but
also due to a lack of adequate analytical tools for environmental
scanning and analysis and because of relatively little attention
paid by firms’ executives and analysts to the study of external
factors. It is worthwhile to state that the latter is to a large
extent a consequence af the former.

Although there 1is a scarcity of empirical data, some stu-
dies®” show that in general enviromnmental analysis is an extremely
rare activity in the great majority of industrial firms and, if it
exists at all, is undertaken on an ad hoc basis. These studies
focused primarily an technology assessment practice. According
to twenty—-five interviewed corporate executives wha had attended
technology assessment warkshops, it appeared that technology
assessment was not a commonly understood concept i the private
sector. Respondents frequently listed the following activities
as techuwoelogy assessment: technology forecasts, engineering

24l enz, 198B6a.
=2%Engledow, 1985.
B4gpee, for example, Cooper, 1982.

B7see, for example, Coates, 1982; Szyperski, 1983.
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evaluations, site analyses, environmental scans, competitive
analysis, and economic and business projections. A large number
of 1 espondents identified market amnalysis as technology assess-—
ment.=® It was alsa discovered that assessments of the social and
ecological impact of a firm’s activities had usually been done
only to the extent recessary to satisfy regulatory requirements.
It is clear, therefore, that what most industrial firms label as
technology assessment 1s aun 1irregular, unsystematic activity
which, qgquite naturally, can give satisfactory results only by

chance.

A study by Fahey et al. (1983), based ot interviews with 11
business consultants, 8 gavernment officials, and 17 corporate
executives representing 12 firms, allowed the researchers to
estimate the degree of i1ntegration of enviranmental scanning/-
forecasting and long-range planning (Table 1). It indicates the
perceived potential applicability and the actual usage aof envi -
vonmental scauning/forecasting practices at various stages of the
planning process hy corporate segments of the study. Although
covporate forecasting professionals indicated a strong potential
for futuristic scanning, their actual usage was not so 'high. All
the respondents agreed that the bhasic purpaose of employing any
madde of futuristic forecasting is to identify those trends, events
and discontinuities which may have a significant impact on the
firms’ long-range plans. But all the practitioners admitted they
mresently da a highly inadequate jobh 1n this regavrd. Most were
involved in, or preoccupied with, the short—term implications of
events which have already come to pass.

TARLE 1. Applicability of Scanning/Forecasting at
Variocus Stages of Planning

(atlapted from Fahey et al., 1%283)

Corporations

Potential Actual
Establishing corparate goals S5.3= 4.8
Setting environmental premises 6.1 5.0
Collecting information and 6.1 5.0

forecasting

Establishing divisional goals 4.0 3.8
Developing divisional plans 3.1 2.0
Revising objectives and plarns 2.1 2.0

if aobjectives are not met

(= measured on a 7-point scale)

=8Cpoates, 1782.



12

It is not sirprising then that, as the preject NewProd (aimed
at investigating and defining the components of risk as perceived
by a decisiaon—maker at a firm undertaking new product ventures)
showed, new product risk, and hence that of technological innova-
tion to a great extent, was largely determined by the non-con-—
tiollable environmental vaiiables.®% But does the non—contioll-
able charvacter of environmental factors mean that environmental
analysis is useless? Or can it be i1mproved, beoth in the sense of
the organizational process and in i1ts caontent, and 1ncrease its
effectiveness? We will try to answer these questions in the next
sectian of the paper.

1.2. DOES A FIRM NEED A REGAE AR ENVIRONMENTAI. AMNAL YSIS?

This is not an empty question since it concerns the funda-
mental principles of a business organization’s strategy and long
vange planning. Conventional strategic management assumes that:

# an arganization can he managed in suuch a way that adaptation
to its environment is achieved;

* top management decides what the mission/strategy should be;j;

* organizations can control future outcomes through their ocwn
clever strategic actions.

But i1ecently some Westexnn theorists have questiouwed the
validity of these principles. They arque that both task and
general enviroinmental linkages have become progressively less
understandable and less manageable; that the ymmber of potential
enviraoanmental linkages is astronomical for any organization; and
that organizations have no reliahle way to decide which linkages
to investigate. Thus, they coinclude that envivomnmental linkages
are unpredictable and trouwblesaome to any organization.®® Further-—
more, it is said that in tightly inter—-connected systems, like
that of a modern business envivonment, actions of one organization
affect actions of other organizations in a way that makes it
practically impossible to understand the cause-effect chains and
to predict local effects of distant events and the consequences
of the oryrganization’s own actions.=*

These and similar arguments have led some authors to caome to
the general conclusion that environmental analysis, prediction,

2%Cooper, 1981.
J°Gtubbart, 1985,

B'Stubhart, 1985,
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forecasting and planning are not only impossible, but even harm-—
ful for business organizations in turbulent environments. In—
stead, such misty recommendations as "to set energies free —
free to find amazing new insights, free tn use different kinds of
metaphors, and free tao experiment with bold, new behaviors"2Z are
suggested. Tt is also said that "the only way turbulent condi-
tions can be brought back under control 1s through a collective
and cooperative search for new values and ratiaonales for be-—
haviaor" .22

Mo doubt both general awnd task environments ave becaming
more and more complex and in that sense more turbulent. But it
is alsa obviogus that enviromnmental stability, especially in the
task environment, is underestimated. Environmental turbulence is
limited; there is chaos at either extreme. But a proper analysis
of environmental facts and trends and of certain patterns of
organizations’ behaviar reduces the unpredictability and turbu-—
lence of the enviraonment from the organization’s point of view.
The majority of mistakes made by organizations and leading to
more or less serious faitlures are rgooted in wrong policies re-—
flecting selfish biases and expectations of top management and
consequently lacking underlying objective 1information. Certain—
ly, 1t 1is impossible to obviate to a full extent the fluctuating
character of a market economy. Environmental analysis, however,
inc: eases the soundness of stiategic decisions. After all, it
does not reject other approaches to increase the quality of man—
agerial policies. A search for increasing envivronmental stability
through coaoperative actions as, for example, a number of recent
inter—firm deals in the R&D field have shown, can go along well
with environmental analysis. 0One does not exclude the other. The
methodological shortcomings, however, in the way analysis of
external factors and their relationships is undertaken can still

cause problems. Although the general economic and political
hackgroumi of capitalist and socialist firms 1s quite different,
certain retjuirements for improving the quality of managerial

actions through sounder strategic business decisions apply equal--
ly to both.

2. TOARDS AN INTEGRATIVE APPROACH

As a rule, a lack of answers 1s caused by a lack of gques-
tions. To further develap this rule: a lack of the right answers
is caused by a lack of the right questions. Iy our opinion, this
statement is quite applicable to the current situation 1in envi-
1onmental analysis, especially in the technology field. To change
this, it is necessary to integrate the positive features of all

F=G tubbart, 1985.

3G tubbart, 1985.
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models mentioned abuve and to show the interdependencies of a
certain set of enviromnmental vai iables concerning the technologi-
cal development of a business organization.

It is quite abvious that a business arganization’s envivon-—-
ment may wvary in different periods of i1ts life. It may be more
turbulent and mme stable, moire complex and more simple; it may
be viewed in general terms and in task terms; it may be divided
into economic, politico-social and technological contexts, etc.

Tao analyze a firm’s enviranment along all dimensions that
have an impact on its techiialogical development concerns, one must
systemize a process of environmental analysis. Conceptually, we
agree with Bates (1985) who suggested three steps forr enwvironmen-—
tal analysis: 1) monitor the environment, 2) analyze 1it, and 3)
predict it.

Monitoring: The process of envivronmental scanning must
include identifying tvends aund changes 1in the entire environment
that may ultimately affect the firm; selecting fram this large
mass of information those wvariables which have a significant
influence an the firm (identification of Relevant Variables); and
reducing the set of Relevant Variables to a handful of Ciritical
Variahles which represent environmental forces substantially
influencing the firm. The necessity of this process reflects the
"bounded rationality"” of a decision—maker (according to H. 5i-
mon) . It must attiact the special attention of analysts since
the possibility of throwing away a significant piece of informa-—
tion is rather high.

Analysis: During the analysis stage, three kinds of rela-
tionships are to be examined:

1) between the Critical Var iables aiid the possible future states
and directions aof the economy’s development;

2) between the Critical Variables themselves (their interde-
pendence and a degree of mutual influence);

3) between the Critical WVariables and the inteinal parameters
of the firm.

Prediction:z The predictiaon stage —— the goal of envivronmen—
tal analysis —— begins with drawing a picture aof the present
state of the organization’s environment. Then, applying the
understanding gained from the amnalysis stage about how the envi-
ranment warks, the analyst draws the picture of the future. It
is wot thwhile to note that the usefulness of forecasting is sev—
erely canstrained in practice. Utterbhack (1982) pointed out that
this is because predictivnig the effects of trends and events is
much more difficult that foreseeing the primary changes themsel-
ves.
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The systemic approach to environmental analysis assumes a
classification of var iahles. Our study is limited to those vari-
ables which may have a significant 1impact on the technological
development of a firm.

2.1. CLASSIFICATION OF ENVIROMMENTAL VARTABLES

A particular complexity of enviranmental analysis for stra-
tegic decisions in the technological sphere comes from the high
dependence of these decisinns on a great number of external fac-—
tors. The analyst’s attention must focus on the following en-—
vironmental areas and concrete variables.

1) General-Economic Factors:
* major economic indicators: 1ate of growth, inflation,
interest;
* business cycle;
* present state and future directions of structw al change

in the econaomy;

* global issues —— the above vaiiables applied to other
econamies whose development influences the organtiza-
tiowug;

2) General -Socio-Political Factors:

major goals of state industirial policy;

government tax policy;

protectionism;

uniemnp layment, laboy market, availability aof skilled
_ labar;

* changes in government philosophys

X Kk ok K

3) General -Technological Factors:
* rvate of technological charnge in society;
* general technological developments;
* gover nment R&D policy;
* academic (university)-industry relations;

4) Task—Econamic Factors:
* industry life cycle;
* 1industry structure;
* intensity of caompetition;
¥ barriers to entraince, new entrantss
* coaonsumer/market parameters;
*# characteristics of products, substitute products;
* characteristics of suppliers;
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3) Task-Soncin-Palitical Factors:
* projections of macro-—-policies on industry;
* lacal social environment requirements;
* local environmental pollution laws, etc.;
¥ local labor market;

6) Task-Technological Facters:
* life cycle of basic industry’s technology(ies);
#%# technological chauge in industry;
¥ technology(ies)’s state of maturity;
* competitors’ state of techiiwological development.

Na doubt the list of variables i1s tao broad for most techno
logical plaiming analytical effairrts. The paryticular task of the
analysts is to sort wvariables, identifying the most important
ones. Identificatian of Critical Variables requires a situation-—
al approach and is a great challenge for analytical staff. A
choice of too manwy variables embarrasses the planning pyocedure.
fIn the other hand, a reduced number of environmental parameters
increases the praobability of omitting an important one. Furtherv—
more, the list of Critical Variables for an organization mavy
change from vyear to vyear, fiom one strategic technalogical a)ea
to another.

Although the analysis of identified vairiables . may be produc-
tive by itself, more impaortant in our opinion is a systemic study
of the relationships between them and especially between critical
factors. An outline of such analysis in respect to strategic
technalagical plamnming is proposed below.

3. THE OPERATIONAL. MNDEL. OF ENVIRONMENMTAL. ANALYSIS FOR TECH-
NOLODGICAL. P1L.AMNING

The aim of this paper is certainly not to praopose a single
model for enviroammental analysis for technological planning. The
multiplicity af general economic and market situations makes i1t
impassible to suggest a terchnological strategy which would be
sultahle for each situation and all firms involved. That 1s why
it 1s only possible to set up general quidelines for develcoping
an appropriate framework for eunvironmental analysis. Some fac-—
tars must be stressed while other eliminated in certain condi-
tions descr ibing technwolagy/market(industiy)/economy/society
interactions.

The proposed mndel may be viewed as an impact, first, of the
general environment variables on a firm’s technological strateqgy
inteyrmediated through the task environment vai iables, and second,
of the immediate task environment variables and their dependencies
(see Fig. 1).
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The proposed maedel is a cross-impact matrix constructed by
arvaying one list of factors vertically and a second list hori-
zantally (see Fig. 2). The cells display data portraying the
interauction between each 'ow and calumn en;try. The versatility
of this form allows us %o incorporate different dimensions of
analyzing factors and theirv relatiounships: trends, activities,
gnals, policies, impacts, etc.

In this paper, we cornsider only the impacts of dependencies
mentioned in cells 1-7. UWe realize the impossibility (and lack of
necessity) aof analyzing all intercomections betweenn the factors
and attributes of different environment segments. Therefore, we
emphasize only those linkages which may be perceived as the most
crucial for and having a direct impact aon an organization’s tech-
nological strategy development.

Cell 1: 1) Major ecoviomic indicators, especially inflation and
interest rates, influence investment decisions greatly;
they specify toe a large extent the overall economic and
innaovation climate in the country, the main directions

of capital flows, investors’ rrequirements far their
capital utilization by industrial aorganizations (rate of
retuyn, payback period, etc.), diversity of financial

sources, availability of venture capital and sa faorth.

2) Business cycle (and genevally speaking, all macro-
economic cycles) influence the availability of capital
in general and of the labor force, industrial equipment
laading and consequently the firm’s, i1ts competitors’,
suppliers, and customers’ praductive potential, the
state af their R&D programs which are usually the first
to be reduced during recession (Mensch’s research,
1979, showed that "...every fifty years when stagnation
developed, the ecaonamy first reacted adversely by cutt-
ing down research and development and experimentation.
Instead of vedirecting it, fiyms released large amounts
of capital and manpower. Instead of increasing expen-—
diture 1n research and development, firms saved on
investment in innovation”) and to he intensified after
the crisis has passed. 3%

3) The mesent state and futiwme directions of struc-
tural change 1in the economy paose certain threats and
opportunities to the techinwological development of the
task environment population. Knowing the structural
policy pyveferences may lead us to expect the develaop-
ment of certain technologies (and, inversely, the re--
placement of others).

2“Mensch, 1979; Sahal, 1985.
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1) The goals of gevernment industirial policy create a
climate favorable (or unfavaerable) for innovatiens in
gener al and for development of certain technologies 1in
particular. Japan’s industrial policy 1i1s a classic
example.®=

2) Tax policy directly influences the amount of scarce
resources available to a firm. Such resources may be
used in immovation either for capital investment in new
technology generated by the firm aor by others, or for
investment in RAJ{D, the direct generation of such tech-
nology. Tax policies can affect either variety of
spending. The maost direct effect of taxation is proba
bly on the firm’s decisions about haow much to spend on
R&D or about the distribution of R&D by categoiries. A
portfolio aof research and development projects is as-
sumed to be varked in some arder of piriority, based on
expected financial gain and other investment possibili-
ties. Tax concessiors for R&D would presumably tend to
induce a firm to include more projects in its portfolio,
to intensify 1its effarts on existing projects, and
poessihly to include a greater number of high risk pro-—
Jects. The premised i1s that there is a direct relation-
ship between commitments of extra resources to R&D and
discernable gains in innovation.®® The validity of tax
policy depends heavily on the country’s aoverall econamic
climate. For example, saome studies of the U.S5. tax
pnlicy’s effects on innovation showed that 1lower taxes
leave corporations with plenty of cash on hand, but
with the incentive to engage in R&D and production
investment blunted by high intervest rates, corporate
leaders turned to paper investments.®7 PMergers amounted
to %125 billion in 1984 and will have been even higher
in 1985.3% According ta Mansfield, @ special tax bene-
fits for R&D expenditures in the U.5. (the investment
tax credit) pravided only a 1-2%4 increase in i1ndustry’s
R&D spending in the heginning of the 1980°s, while the
budget lasses due to reduced taxes were much greate
than the benefikts of such a small increase in innova--
tion. :

3Sgee, for instance, Johnson, 1982; Tsuruta, 1985.

2CMSF, 1983.

FEpstein, 1986.

2"Gresnwald, 1983.

FHar vard, 1984,
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3) Protectianism as a part of industrial policy may
have different objectives. It may be oriented towards
propping up sunset industries, limiting their will to
inmovate, as in the U.5. steel, television, and textile
industries.*?® M it may, owun the contrary, stimulate
innovation by protecting infant products from predatory
competition.** Evaluating the environment, a fiim’s
analysis must he aware of what kind of protectionist
palicy (if any) concerns his business.

ft) The situation in the labor market and the system of
higher aund special education specify some of the human
factor requirements for the introduction of new techno-
Ingies. It may expose, for example, the future need
for skilled labor and whether a firm should focus on
internal training (with appropiriate funding and spend-
ing of other resocurces) or should hire an already
trained work farce.

3) Gaveryviment and public institutions, policies, and
attitudes indirectly affecting innovations and techno-—
logical development iwn society should be considered.

Cell 3. 1) General characteristics of the overrall technological
environment’s prime faorces influencing the industry and
market place 1in which a firm operates; macro—technolo-
gical policy and appropriate trends 1in science and
technology.

2) The changes in industry stiucture due to technolo-
gical issues were widely studied by many theorists in
the field of natwal selection concept.“® 1Iun these
warks, interconnections between such variables as popu-—
lationw density in industiy, ovganizational life cycles,
industry age, rate of technological change, and dif-
fusion of innovations, etc. have been studied. Some of
the findings relate directly to the subject of our
analysis. For example, Brittain and Freeman (1%80)
noted that the rate of organizational founding is inver—
sely related to the age of the industry and level of
capital required for entry and directly related to the
industry’s girowth rate. Fui thermore, since the in—
dustry’s growth is hased on a whaole series of technical

“°Thurow, 1980 and 1982f.
“1layres, 1984,

“Ssee, forr example, Aldiich, 197%2; Hannan, 1978; Brittain,
1980; Freeman, 1982; Aldrich, 19745 Hiller, 19277.
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tsmnavations, the ecological processes of foundation and
failure in general have been greatly accelerated.

3) There is some empirical evidence (for example, the
U.S. semi—conducto industry during the 1960’s and
70°’s) confirming the pattern of an industry’s matura-
tion, or in other wards, the industry 1life cycle
madel .3 An analyst, therefore, may forecast with
probhability the future developments in industry evalu-—-
tion, changes 1in its stiructures and in the patterns of
itnnovation, and the overall competitive and technologi-
cal behavior of firms aoperating in the industry.

4) An analyst must be aware of the conditions that
create enviromnmental wealth since 1t may very well limit
the viahility of some populations, while allowing other
populations to expand seemingly without 1limit. Fo
example, the munificence created by decreasing prices
and on—going i1nnovation in semi-conductors in the
U.S.A. was extremely rewarding for those organizations
heavily invaolved in product and process development.
But many other aorganizational types may have found the
si—rale required to use plentiful resouwrces beyond
them.«* Industry population may expand through schism.
Freeman (1982) wrote that organizations sometimes break
up when corvporations "spin of f" subsidiaries. Sometimes
a venture proves to be inconsistent with the rest of
the organizationw (for example, due to a new technolagy
it has developed or adopted) and is sold off. '

3) The chavacteristics of oirganizations-agperating within
an industry (or at least of the maj)ar competitors) are

vital to know since they determine to a large extent the
firms’> bhehavior, particularly in the field of innova-

tion. Fieeman (1982), relying on some previous works,

pointed cut a number of reasons for expecting organiza-—

tional inevrtia. Existing oiganizations derive their

competitive advantages fram the stability of their

internal social relationships and aon the basis aof their

relationships with other organizations. This often

leads ta the development of ideologies and traditious

thiat at once leqgitimate the status quo and dampen in--

novative tendencies.

6) A study on new and emerging technologies in the
field should be done to answer, far example, the fol-
lowing questions. Dnes new technology spyread across

“3Inbhernathy, 1978; ltterback, 1973.

“«“Bi-ittain, 1980Q.
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industry houndaries? Can the firm and i1ts caompetitors
(namely, who?) enter other 1industry(ies) or markets?
Vihat impact does this process have on industry struc-
ture? When and on what srale should new and emerging
technologies he adapted by organizations in the indus-
try? Etc.

He do not conwcentvate on social impacts of new techno-
lagies here since forr a long time it was within the
focus af techinology assessment studies and very well
described in literature.=S

t) The analysis of general—-technalogical environmental
impacts on task—-technolagical variables may i1nclude a
study of gaover nment efforts to affect 1mnovation in iu-—-
dustrial organizations, in joint industry and academia
activities in science and technological development.

2) Attention must be paid to current scientific devel-
opments 1in fields indirectly counected with the coavre
husiness of the firm, as well. For example, micro-
electronics has left unwn industry untouched. Obviously,
new materials will have (and partly already have had)
the same effect.

3) Information concel ning these 1ssues should be ob-
tained not only from scientific and other publications,
but more impoirtantly by direct contacts between scien-—
tific organizations and R&D departments of industrial
firms.

1) As Porter (1983) wiote, most research on the rela-
tionship between technolegical change and industry
rlevelopment has girown out of the product 1life cycle
coucept, examining the ways technolegical change varies
as an industry moves from the emerging state through
growth, maturity, and decline. The view of technolo-
gical i1wmwnmovation evolution accorvding to industry matur-—

ation has been deepened and refined considerably by the

work of Utterback and Aberinathy (1973). Initially, as
they have pointed out, product design is fluid, and
substantial produiict variety is present. Product inno-
vation 1s the dominant mode of innovation and aims
primarily at improving product perfoyrmance. Successive
product irmovations ultimately yield a “"dominant design
where the optimal pi1oduct configuration is yeached.
Prucess innovatian is initially of minor significance,

and early production pirocesses are characterized by -

“Sgsee, for 1iustance, Coates, 1982; Szyperski, 1983; Porter

et al.,

1580; NSF, 1983.
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small scale, flexibility, and high levels aof labaor

skills. As product design stabilizes, increasingly
automated production methods are employed, and process
inmovation to reduce costs takes over as the daominant

innovative mode. Ultimately, innovation of both types
hegins to slow down. Same industries, mentioned as ex-—
amples hy Abernathy and Utterback, fit well with these
hypotheses.®*” They are not, however , generral and do not
apply to every industry. The study by Ramanujam and
Mensch (1983) of 446 firms, widely diversified in terms
of size, industry, current profitability, maturity of
produiict lines, and age of manufacturing process, re—

vealed a vialation of Abernathy’s and Utterback’s pre
sy iptiaon. Explaining their findings, Ramanujam and
Mensch (1985) considerr it not a contradiction, but

rather an extension aof the industry growth theory.
Their results make evident the need for analysts to
conduct deeper and more comprehensive analysis of bhoth
maciro--economic conditions and industry economic vari-
ahles underlying the process of technological change.

) Paorter (1983) divided the determinants of the pat-
tern of technonlogical innaovation during industry evolu-—
tion into two types: a) dynamic pracesses and b) under-—
lying structural parameters that influence the extent
and speed with which these praoacesses occur.

He elahovated the most important dynamic processes:

* scale change;
*# learning curve in product design and processs
* imitation and uncertainty reduction;
# technological diffusiaong
* diminishing returns to technological innovation in
product and pracess.
The speed and extent to which these dynamic processes

moreed are a function of the following most important
structural parameters:

intrrinsic physical differentiality of the product;
intrinsic segmentation of buyer needs;

unit volume (scale) at maturity;

potential scale econaomies and learning effects;
linkage between product design and ptocess;
motivation for substitutiong

techrnological aopportunity.=”

X ok Kk x % x k

“sgee, for instance, Wilkinson, 1983.

“7Parter, 1983.
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The pre-planning stage in developing a sound technolo-
gical strategqy has to be based on a proper amnalysis of
at least these farctors.

Cell 7. (See comments on Cell 4.)

An analysis of the described wvariables and of their
inter—-relationships will help manayevs to define objec—
tives for {the technology strategy. It will provide a
deeper understanding of what the situation will look
like over the planning harizon and what the technolo-
gical bases for the organization’®s activities will be.

Several environmental variables must be analyzed in

ovder to achleve this understanding. First, the current
situation and possible future trends in the general

environment influencing strategic techwnwolagical inter-—

ests of the organization must be taken into considera-—

tion. Second, the task environment variables influenc-

ing the process of 1i1nnovation in appropriate industry

and market segments miist be analyzed. Special attention
must be paid to the evolution of industry structure

caused partly by techwnological developments. Third, an

analysis of the variables directly influencing tech-—

nological i1wmavation must be accompanied by analysis of

other forces (social, economic, legal) which seemingly

have no direct i1mpact on inwnovation strategy. Fouw th,

the main challenge an analyst faces is the necessity for
cross—impact analysis of at 1least the major dynamic

variables: changes and their inter—influences in econo-

mic, lenal, and social conditions, science and related

techinologies, and patterns of other organizations.

Having thus identified 1ts own futiire environment, the
organization greatly increases its ability fto develap a
sound techwvnalogy strategy and to inciease 1ts adapt-
ability in an unstable ecaonomic and technological en-
vironment.

COMNCLUSIONS

1.

The industyial enterprise as an economic and social organi-
zatian is a part of a macro-system with which it 1is tightly
inteyv—cannected in different ways. The impact of external
factors may differ in strength and continuity of reaction.

Any sutdden external event, which has a significant impact on
the organization, places it 1in a situation which may he
called a cvisis. This situation is usually disruptive for
any organization.
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To avoid a crisis aor to prepare to cope with one in advance,
an organization must at least be informed about the present
state and poassible future developments of the influencing
external factors.

Technology becomes a dominant factar 1i1n an organization’s
strategy arnd one of the more or less uncertain external
forces determining the success or failure aoaf a firm’s future
operatian.

The effectiveness of contemparary techuwology, its caompeti-
tive power, is a function of many variables which represent
ot only 1intra-organizational, but also external factors:
technological, economic, competitive, sncio-political, etc.

Only a systematic apprvoach makes it possible to select the
significant and major (critical) variableslfrom the whole
set of external factors influencing an organization’s tech-
nological development.

Such awn apprvoach assumes the classification of variables,
the selection of the critical ones, and the analysis of bath
the variables themselves and the interdependencies among
them.

The paper suggests a maodel which allows us to systemize the

process of enviranmental analysis. It also describes some
of the impoar tant interdependencies betweenn critical vari-
ahles which must he the focus of analysts” and top manage-—

ment’s attention in the process of technological stirategy
development.

A systemic analysis of external forces i1ncreases the sound-
ness of technological strategy and decreases the financial
1isk of imnmovation projects. It also allows us to estimate
the environmental impact of new technologies and products, to
foresee the consequences of their intioduction, and to avoid
A serious mismatch between introduced innovations and exter -
nal conditions and r equirements.
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FIG. 1: IMPACTS OF GENERAL AND TASK
ENVIRONMENTS ON A FIRM

ENVIRONMENT

ENVIRONMENT
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FIG. 2: MATRIX OF DEPENDENCIES BETWEEN SEGMENTS OF
GENERAL AND TASK ENVIRONMENTS INFLUENCING A
FIRM'S TECHNOLOGICAL STRATEGY
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