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CONCLUSION

So far the management of Innovations was in the majority of cases
considered the domain of specialists, mainly technicians, In the future,
this sphere will become an important component of management, namely top
managers. It is necessary to prepare managers for these responsibilities,
At present, no university trains its undergraduates for management. This
is not possible, because the decision of selecting managers is taken in
companies, usually several years after graduation. The environment in a
company has a decisive impact on the discovery of talented managers and on
the development of their qualifications.

The development of the qualification of managers in external courses
can be considered as a supplementary source, which can complete, and
further develop or dump certain components of the qualification. Heowever,
it cannot completely substitute the real environment of a company with all
its peculiarities, possibilities and problems. Economic and moral
stimulation, as a part of the performance of managers, creates an important
component of the qualification development.

In the coming years, it will be necessary to create such an environment,
which will motivate managers to creative orientation to the fulfilment of
social objectives and at the same time will enable them to find the
opportunity for self-realization., The qualification development will have
to be understood in terms of self-realization of the managers'personality.
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HUMAN FACTORS IN INNOVATION: EMPLOYEE INVOLVEMENT

Lewis F. Hanes

Research and Development Center,
Westinghouse Electric Corporation,
Pittsburgh, Pennsylvania, USA

INTRODUCTION

Westinghouse has introduced several participative management or employee
involvement programs within the corporation. The importance of such effort
was addressed by Mr. Doug Danforth, Vice Chairman and Chief Operating Office
of Westinghouse in remarks presented at a Quality Circle Recognition
Conference. He stated that, "... I suspect that participative management
will ultimately have a greater impact on the future of Westinghouse than
all of the robots ... computer systems ... word processors ... and
miscellaneous new technology we have on order" (Danforth 1981).

The Quality Circle (QC) program is the most widely implemented employee
involvement activity within Westinghouse. It is described in detail in the
next section of this report.

- Examples of advanced efforts include autonomous work groups, employee
task forces, and employee awareness activities. The section of the report
entitled Other Prgrams contains a brief description of these approaches.

QUALITY CIRCLE PROGRAM

The Westinghouse Quality Circle program has been in operation for five
years., It has grown from an initial seven circles to more than 2,000, and
is still expanding.

This program is viewed by many as one of the most, if not the most,
successful QC effort in the United States. Not only has the program grown
in size, but tangible benefits have been recorded for both the participants
and the corporation. '

Lessons learned from the Westinghouse QC experience are presented in
a recent book by Mr. Ralph Barra (1983), Director of Corporate Quality
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Mr. Barra has provided material about the Westinghouse QC program that was
helpful in preparing this section of this report. His cooperation is
gratefully acknowledged.

Responsibility

The Westinghouse Productivity and Quality Center has responsibility for
coordinating the QC program within the corporation, for training facilitators,
and for promoting circles among workers and managers. Individual locations
and/or operations make the decision about participating in the program.

Management of operations participating in the QC program have had to
accept certain responsibilities (Barra 1980). First, and most important,
management must welcome and accept employee participation in problem—solving
and decision-making. This includes being patient through the growing pains
and stresses that accompany the transition to worker participation.

The second management responsibility is to provide the infrastructure
to support the QC program. This includes trained and capable facilitators,
meeting rooms, training materials, and time on the job to conduct meetings.
In addition, organizations within a division not involved in circle operations
must be encouraged to cooperate with the circles. Collecting information and
developing problem solutions may involve many parts of the total organization.

A third responsibility of management is to create a system for recognizing
the achievements of circles. Barra (1980) states that self-respect and self-
esteem are the energies that power the program, while recognition is the fuel.

Concept

The QC program is part of a people-oriented management policy. The
objectives are to provide opportunites for workers to perform team efforts,
to participate in problem-solving rather than simply following directions,
and to develop a sense of belonging to the organization,

Barra (1980) has summarized the quality circle concept as it relates
to Westinghouse:

Quality circles is based on the concept that people will
take more interest and pride in their work if they are allowed
to influence decisions made about their work. Increased
interest and pride will directly result in improved quality
of work.

Quality circles creates in the individual a sense of
participation and contribution and recognizes the individual
desire to participate in solving quality problems.

Circles promotes a managerial behavior which recognizes
the intellectual potential of the average human being and
taps this potential by involving people in a quality
consciousness.

Circles restores a critical dimension to work, the
opportunity to think, to commit ome's mind as well as ome's
hands to the job.
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The growing demands and expectations of even more educated
people in our work organizations must be dealt with by a
cooperative approach which develops a two-way respect between
worker and supervisor, or thinking "us" instead of "we'" versus
"they" .

Quality circles provide training and structured
opportunities for people to become actively involved in a joint
problem solving process. It is a people-owned program, not
management—owned. And it is people building, not another cost
reduction program.

It provides employees with the opportunity for personal
growth and development, self-respect, self-esteem, self-
fulfillment, and achievement at work.

Most important, it enables people to participate in
improving their jobs. This builds more pride and a sense of
belonging into the relationship between a company and the
employee. It also develops a team feeling of cooperation and
togetherness.

The QC identifies important problems within its organization, and
determines which of these will be studied based on a consensus of circle
members. The circle is under no pressure to select problems whose solutions
will result in cost reductions or productivity and quality improvements.

A QC continues to operate as long as it is functioning in a problem-
solving mode. Following disposition of one problem, the circle typically
begins work on another issue. This method of operation differs from project-
oriented task forces that usually disband after the project is completed.

Approach

Organizations within Westinghouse identify individuals to attend a four
day QC facilitator training course. Upon completion a participant is capable
of establishing and conducting a QC program in his or her division. Each
facilitator is responsible for one to about 10 circles, depending on the size
and the demands of the organization,

Each QC has a leader who usually is a first-line supervisor. Leaders
receive two days of training, provided by the facilitator, on circle concepts
and principles. A leader then recruits four to 12 workers within the leader's
organization to form a circle. Care is taken to ensure that circle members
are truly volunteers, and not forced to join the group.

During the initial six or so meetings the facilitator teaches circle
members problem-solving techniques, and methods to present conclusions and
recommendations to management.

Circles normally meet on company time for one hour each week, Meetings
are conducted in rooms away from the participant work stations.

A circle studies problems identified by its members and agreed to by
consensus. The circles are encouraged to begin by first considering simple
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problems that can be solved in a short time and with a high probability of
success., It usually requires about four to eight weeks to complete a problem
analysis, including presentation of conclusions and recommendations to
management, Management may adopt, suggest refinements, or reject the
recommendations.

It has been found that management must treat the QC concept and specific
circle recommendations seriously if the program is to be successful.
Management must give timely and full attention to circle presentations.

Good suggestions must be implemented, and explanations provided for omes
that are rejected.

Circle participants normally receive no monetary rewards for
recommendations that are adopted. Recognition, however, is provided at
the local level for successful efforts. In addition, the Productivity and
Quality Center coordinates an Annual Recognition Conference at which
outstanding efforts from around the Corporation are recognized and prizes
awarded.

No constraints are imposed on functions that may start a QC.
Westinghouse has circles from many diverse activities, such as manufacturing,
purchasing accounting, secretarial, engineering, supervigion, and field
services.

Results

The overall assessment of the QC program is that both employees and the
corporation have benefited. Although no formal total program evaluation has
been performed, indicators show positive results in many areas,

One indicator relates to the growth of the program over a five year span.
It has grown from seven circles in August, 1978 to more than 2,000 in August,
1983, with more being added each month. More than 20,000 workers are QC
participants. This sustained growth is impressive when contrasted with the
results of the vast majority of participative management initiatives. Such
programs often flourish initially but fail within a short period of time,.

An attitude survey administered to circle members provides insights
into employee views of the program (Barra 1983):

~ Has the quality circles program made your job more enjoyable?
Yes - 82%

~ Have you spent some of your own time (lunchtime, breaks, at
home, etc.) on quality circle matters?

Yes - 887

~ Should the quality circle program be continued and extended to
other groups?

Yes — 1007
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Most QC recommendations presented to management are accepted and
implemented. For example, one division reports (Frick and Powell 1983)
that about 90 percent of its circle recommendations have been adopted.

No attempt has been made to calculate the total economic benefit to
the corporation of the QC program. However, one operation reported
(Frick and Powell 1983) verified savings of more than $850,000 since 1979.
In addition, some operations report less absenteeism and employee turnover
since the program has been in place.

Many examples exist of successful recommendations deveioped by circles.
A few of these recommendations that involved documented savings are as
follows (Barra 1983 and, Frick and Powell 1983):

~ Purchasing circle recommendation reduced the amount of overshipped
material supplied by vendors for an annual cost savings estimated
at $600,000.

- Supervisor circle recommendation reduced fuel consumption of
vehicles by 15 percent for an estimated savings of $100,000
over a five year period.

- "Manufacturing.circle recommendation reduced by one week the
operation cycle time of a deshrinking process resulting in a
savings of about $180,000 each time the procedure is used.

=~ Manufacturing circle recommendation improved the way test
adapters were made accessible to assembly line workers
resulting in an estimated $22,000 savings.

~ Engineering circle recommendation improved the design review
process resulting in increased engineering productivity and
lower design costs,

It is not possible to directly link recent increases in Westinghouse
productivity and quality levels to the QC program. This is due to other
programs occurring at the same time that involved technological changes in
offices and factories. Even so, Mr. Thomas Murrin, President of one of the
major groups within Westinghouse, has been quoted as saying that the circles
were "a significant factor" in increasing productivity in one of his large
organizations.

Challenges to Success

A successful QC program, such as at Westinghouse, faces many challenges.
Initially, the shift from centralized management decision-making to sharing
of power and decentralization of certain decision-making can cause major
difficulties. Following implementation of a program, challenges develop
due to the expectations created in workers and management. Finally, yet
another set of challenges must be addressed as circle members mature and
want to extend the worker involvement process to a broader set of problems.

The decision to implement the Westinghouse QC program was made by top
management. It was decided to utilize the Japanese QC Circle approach as
a model, but to modify it as necessary to satisfy the Westinghouse culture.
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Excellent interest was expressed by employees, in participating in the
program. The labor unions, middle managers, and staff personnel were most
concerned about the potential shifts of power and decentralization of
decision-making.

Westinghouse management worked with its unions to minimize conflict.
Presentations were made about QC concepts and techniques. Some union leaders
and Westinghouse managers visited Japan together to observe quality circles
in action. To reduce fears that the QC program might interfere with union
concerns, it was decided that circles would not be permitted to deal with
areas traditionally handled by collective bargaining.

Three of the four major unions representing Westinghouse either have
remained neutral or even endorsed the program. The president of one union
local was quoted in a newspaper article (Singletary 1982) as saying, “As
long as the employees and supervisors don't get into contractual issues, T
think the program will develop a good relationship between both sides.”

Some middle managers and staff personnel may be concerned that some of
their responsibility, authority, and prerogatives may be lost with a QC
program. It has been reported (Atwater 1981) that lack of middle management
support has been a major impediment to the success of QC efforts in many
American companies, Westinghouse emphasized top level management commitment,
education, and patience in dealing with this challenge.

Upper level managers provided frequent and strong support for the
program throughout its introduction and growth. Within some corporate
groups middle managers were required to report at frequent intervals on
program status and progress,

Education courses were provided to increase awareness of circle goals
and methods. Middle managers attended circle meetings and management
presentations of recommendations.

It was emphasized to management and workers that the QC program was a
team-building activity, not a cost cutting or productivity improvement
program. Therefore, all personnel directly or indirectly involved must
have patience. With the passage of time tangible team building and economic
results began to be visible. These positive results made it easier to
influence middle managers and staff personnel about the worth of the QC
program.

Many participative management programs fail after a successful
introduction. There are many reasons for their demise. One important
reason is that expectations devélop about the program and its results.

When these expectations are not met, and remedial action is not taken, the
program may falter, and them fail. In Westinghouse, several strategies were
followed to minimize such difficulties. Top management support of the program
continued to be provided. Successful circle recommendations were given wide
publicity, and circle members given recognition. A few circles that were mno
longer functioning in a problem—solving mode were disbanded. Training was
provided circle facilitators and members in advanced problem—solving
techniques to enable circles to address more difficult problems.

Two key ingredients to the Westinghouse program were the development
and implementation of a consistent and standardized training program, and
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a dedicated corporate staff that fosters and maintains a communications
network for participants throughout the corporation (Frick and Powell 1983).

A successful QC program will create circle members who want to modify
the program. A real challenge exists to satisfy such workers within the
framework of management willingness to further decentralize decision-making
and sharing of power.

Individuals involved with one of the most advanced and successful
programs at any Westinghouse division have published thoughts on the
current program and possible change (Frick and Powell 1983). "Mature"”
circle members have pointed out:

- The difficulty in selecting a project that is perceived as
important to both management and circle members,

-~ The constraints of the one hour a week meeting format on the
resolution of "important projects."”

- Lack of opportunity for members to work with a variety of
people on different projects.

The authors (Frick and Powell 1983) also report two important management
concerns:

~ A desire for more involvement in project selection and the
overall efforts of their circles.

- Recognition of the need to align circle activities with the
major objectives of the department.

The authors (Frick and Powell 1983) conclude by stating that most
organizations needed a structured and visible program to stimulate a shift
toward participative management. The QC program satisfies that need, and
provides workers and management with a training wehicle to understand
responsibilities and implications of participative management. Eventually,
the QC concept of participative management should be institutionalized
within the organization.

In spite of the suggestions made above, there may be real advantages in
maintaining an ongoing QC program even after the entire corporation becomes
"mature” in QC operations., The Japanese have maintained an active and
successful QC Circle program for more than 20 years. Obviously, benefits
are perceived in continuing the activity.

There are advantages to an organization for circles to operate
independently in identifying workplace problems and selecting the ones to
be addressed through a consensus process. Without this independence, the
group may give too much emphasis to management problems.

One of the approaches being used at Westinghouse to more fully utilize
capabilities of "mature” circles is to encourage them to address more
difficult problems. Management that has become "comfortable" with the QC
concept makes more information available about operations and difficulties.
The circles are in a better position, then, to identify and select important
and difficult problems,
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Another thrust for quality circles is problem prevention. The current
emphasis is on problem resolution.

Future Directions

The QC program as it exists will continue to grow within Westinghouse.
Even though more than 20,000 workers are involved in the program, they
account for fewer than 20 percent of the work force. There is a need to
expand the program to involve more workers and more managers.

The experiences with the program provide a solid foundation upon which
to expand worker involvement activities. Such developments will occur in
organizations in which management and workers are ready for such a move.

Expansion of worker involvement will eventually lead to imstitutional~
ization of the concept as part of the normal operation of the organization.

The QC program provides an important first step in establishing worker
involvement in an organization. The program will be completely successful
when it and its extensions have achieved full utilization of the human
resources available.

OTHER PROGRAMS

Westinghouse has implemented a variety of employee involvement programs
(Springer 1983). A few of these will be discussed briefly. Mr. Jack Springer
is familiar with most of these efforts. His cooperation in providing
information is gratefully acknowledged.

Autonomous work groups have been started in several locations. In omne
plant of about 100 employees, five autonomous groups have been established.
The groups have defined mutually acceptable boundaries between their
respective operations. Each group develops its own objectives, and is
self-managed with a group advisor rather than a supervisor.

Results with this program have been favorable., The level of production
has been much higher than originally forecast. Qvertime has been reduced
from a high to a very low level. The employees and plant management have
been very pleased with the approach.

Employee task forces have been implemented at many locations. This
approach typically involves management identifying a need or a problem,
although in some instances employees may bring the problem to the attention
of management; establishing an employee.task force; and giving the task
force autonomy and resources to solve the problem and to develop a
recommended course of action.

Two successful employee task forces have dealt with layout problems.
One group was responsible for laying out the electrical assembly area in
which group members worked. Its recommendation was adopted with good
results. A significant productivity increase was measured, employees were
very satisfied with the redesigned facility, and a cost savings was
realized..
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Another employee task force at a different location was given
responsibility for laying out a new plant cafeteria. There had been many
complaints about the previous cafeteria. Group recommendations were
accepted and complaints have initially disappeared.

A successful employee involvement program may involve sending employees
who will be responsible for operating a new piece of equipment to the
supplier plant during the final fabrication and check out period. The
employees become familiar with the equipment and usually "champion' its
introduction into his organization.

Employees have participated in awareness programs. They visit
customers, suppliers and trade shows to obtain a better understanding of
the environment in which their work is performed. The results have been
favorable as evidenced by improved attitudes about the corporation and
their work.

CONCLUSIONS

Westinghouse experience with employee involvement programs has been
very positive. The corporation has experienced tangible productivity gains
and cost savings. Less tangible but very important is the improvement in
program participant teamwork and attitudes about work and the corporation.

It has been found that many employees welcome the opportunity to
participate in an involvement program. It is necessary, however, that the
program be perceived as meaningful. Management must agree to share power
and decentralize decision-making if a participative management activity is
to succeed. Additionally, until employee. involvement concepts have been
institutionalized within an organization, it is necessary to provide a
strong administrative organization to guide the effort and make the program
succeed,

A successful involvement program, even if limited in scope, can produce
a group of employees who want to share even more power and participate in
helping making decisions that are more important to their organization.
These individuals are a powerful resource. The challenge to management is
to develop and implement programs that will fully utilize this resource
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EXTERNAL CONSULTANTS FOR FUNDAMENTAL PROCESS TINNOVATION

F., Prakke
Center for Technology and Policy Studies (TNO), Apeldoorn

The Netherlands

INTRODUCTION

The most fundamental transition taking place in industry today is
almost certainly the introduction of computer based automation into the
manufacturing process. From a long term perspective it is easy to compare
its impact with such fundamental process innovations as the first use of
steam power, the replacement of driving belts by electrical motors, and the
development of the assembly-line. But as Keynes has reminded us: long term
analysis is easy. The really difficult problem, and at present one most
uregently felt by a multitude of firms, is what the short term response to
this technological challenge should be. The short term problems are
illustrated by the recent estimation of a Dutch engineering consultant that
25 percent of all robot systems installed in Dutch industry are presently
not operating. They stand in the corner like a new wind-up toy to which
the child has no key. The cause is not technical but organizational. In
this paper we will therefore pass by a discussion of the technical potential
and, in the long term, undoubtedly great effects of computer based automation
in favor of a discussion of the managerial and organizational issues involved
in its introduction. We will conclude with some recommendations for more
effective corporate and govermment policies in this area, based on past
studies of the innovation process and Dutch experience with stimulating
product innovation in small and medium sized enterprises.

THE NATURE OF THE TECHNOLOGY

It is first necessary to say a few words about the definition of the
fundamental process innovation that we are discussing. A number of terms

* This paper is in part based on the research program on "Flexible
Automation" carried out by the Center for Technology and Policy Studies
TNO and supported by the Dutch Ministry of Science and Education. The
opinions expressed are the responsibility of the author.
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have heen launched to denote the new wave of micro—electronics hased
automation that is the subject of this paper.

Examples of such terms are Industrial Robots (IR), CAD/CAM, Flexible
Automation and Flexible Manufacturing. Use is according to the author's
point of view, or according to whatever product he happens to be selling.
These terms generally suffer from focusing on one aspect of the automation
process at the expense of others. In practice the definitions overlap, and
in any case most authors do not bother to give a clear cut definition,
preferring to proceed from a limited number of hardware examples. However,
if we want to discuss this topic as a general industrial trend or as a
problem of innovation management, it seems best to define the observed
development merely as "the introduction of computer based automation in
the manufacturing of discrete products'". Our starting point is the computer,
because whether we talk about the vacuum tube based computers that made the
first NC-machines possible or the present 'computer on a chip', this piece
of micro-electronic technology clearly dictates the speed of the overall
development no matter what complementary technological developments such
as sensors, vision, software, and handling equipment contribute. This
speed causes the innovation to be fundamental rather than incremental.

The computer moreover embodies the micro-electronics that represents a
foreign technology for most manufacturing firms. The example of the response
of the Swiss mechanical watch industry to competition from electronic time-
keeping technology demonstrates the degree to which industrial organizations
resist adapting a totally foreign technology. Even within electrotechnology
there is a diversity of technical cultures, some of which (for example,
producers of high voltage switching equipment) regard mirco-—electronics as
a foreign technology, Summing uwp we can say that from the point of view
of human factors in innovatien management the two most important aspects
of the new technology are its "foreignness" to the existing technical culture
and its radical nature in terms of speed of development of technical
opportunities.

INTERNATIONAL COMPETITION AND THE NEW TECHNOLOGY

It is first necessary to discuss the economic and business strategy
rationale for focusing our attention on process innovation. What is the
present economic position of European industry to which innovation policy
and in particular policy with regard to the introduction of computers in
the manufacturing process must address itself? Traditionally Western-
European weakness has been viewed with respect to US economic superiority
and defined in terms of an insufficiently large market for successful
commercialization of advanced technology, especially new products.
Governments have attempted to improve the economies of scale by joint
programs in Big Science. But lack of truly coordinated European industrial
policies and the insuffietently homogenous market for high technology
products have prohibited catching up with the US, despite many Euroepan
scientific breakthroughs. This situation is conveniently illustrated by
Gellman Research Associates Inc.'s report of 1976 which classifies 500
technical innovations made between 1953 and 1973 by provenance and degree
of importance. In their ranking the US occupies a dominant position with
234 innovations, Of further significance is that, of these innovationms,
27 percent were new technologies, 31 percent were classified as major
improvements and 41 percent as relatively minor modifications of existing
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technologies. As shown in Figure 1 a well-balanced pattern of innovation
is shown by the US. The UK, the largest and perhaps most typically Western
European representative in the sample, claim a relatively smaller number of
45 cases of innovation, which include 56 percent new technologies, 40 percent
major improvements, and only 4 percent relatively minor modifications of
existing technologies. Japan had 26 innovations, but only 8 percent were
rated as new technologies. Although quantifications of technological
advances shounld always be treated with some reserve, Figure 1 may serve

to illustrate the lack of balance in the European innovative record. The
analysis also peints up a special threat to European competitiveness in the
coming years, In the fifties and sixties industrial competition was still
dominated by product innevatioen and new technologies. Although Europe
lagged behind the BS in commercialization, it still excelled at creating
breakthroughs. Many observers feel that, due to the maturing of many of
the dominant technolegies in the seventies and eighties, there has been a
shift in the direction of technological change from creating new products
to improving the production process of existing ones. A new emphasis on
creating new products is not expected until after 1990. While such
observations are necessarily speculative, they seem to fit with recent
history and existing theories abeut technology life cycles and long waves
in economic development,

Europe seems ill-prepared to meet this type of international competition,
based on refinement of existing technologies and optimizing quality and
productivity. At least for the coming 10 years the main competitive challe
challenge will come from Japan, which is also outperforming the US under
the new technological rules of the game. Some examples help to illustrate
this point, By the 1970's Japanese manufacturers produced up to 350
motorcyecles per man-year, compared to 11 by the US firm Harley-Davidson
and 14 by Britain's NVT Group. In the Japanese automobile industry labor
productivity increased 8 to 9 percent per year im the seventies compared to
3 to 4 percent in the TS (Abernathy and Clark, 1981). The average assembly
time per car according to the same authors is 112.5 hours for the Ford Motor
Company and 47.5 hours for Tokyo Kogyo. The production of a color TV in
Europe or the BS requires 2 to 3 times the hours used in Japan. Of 300,000
memory chips recently tested by Hewlett-Packard the failure rate of the
worst Japanese supplier was six times better than of the best US supplier.
Japan now produces 90 percent of the world video tape recorder market,
including 60 percent of the FRG market, 85 percent of the UK market and 100
percent of the ©YS market. Japanese visitors to European factories are
reported to be amazed at the backward metheds of production.

Superior productivity and quality are leading to a rapidly increasing
market share for Japanese producers. Figure 2 shows the recent and expected
decline of the European share of the integrated circuit markets in the total
consumer goods market, based on recent research at the Delft Graduate School
of Management (Van Duren, 1982). Japanese productivity and quality is now
forming a direct threat not only to existing employment in mature European
industries such as shipbuilding and automobiles, as has been sufficiently
documented elsewhere, but also to potential new employment in new technology
oriented sectors, of which our data on IC markets can give only a partial
view. Some additional support is given by data gathered by Nomura Research
Institute about shares of world markets of a number of leading—edge products
by Japan, the US and the Federal Republic of Germany (Table 1).
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Japan: 26 cases U.K.: 45 cases

Figure 1. Relative frequency of three kinds of innovations between 1953
and 1973 in the US, Japan and the UK,
Data: Gellman Research Associates (1976).
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Table 1. Share of major countries in leading-edge products.

*

Japan (24%) U.S.A. (58%) FRG (18%)
Semiconductor IC 343.2 (247%) 1,023.6 (72%) 60.7 ( 47)
(79 Y Bil.)
Computers
('79 Y Bil.) 1,123.4 (20) 3,838.6 (70) 538.9 (10)
VIR
('79 1,000 units) 220.4 (95) ) e 100 ( 5)
NC Equipment
('79 1,000 units) e 17.2 (62) e 9.1 (33) e 1.5 (5)
NC Machine tools
('79 1,000 units) 14.3 (58) 7.1 (29) 3.3. (13)
Aircraft Engines
'78 Y Bil.) 279.3 ( 3) 7,269.1 (88) 701.0 ( 8)
Plant
(76 Y Bil.) 3,125.9 (18) 6,995.0 (40) 7,441.3 (42)
Antibiotics )
('79 Y Bil.) 658.0 (62) e 324,3 (30) e 85.5 ( 8)

Note: e: Estimates by Nomura Res. Institute (NRI)

Source: Zaikai Kansoku (busines reviewI Dec. 1980, NRI.

* share of combined GNP in parentheses,
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At the macroeconomic level Table 2 shows the trends in productivity in
manufacturing industries in selected countries between 1960 and 1980. The
Japanese gains can only be termed spectacular. Observers tend to agree that
Japanese performance in productivity is not merely the result of such
economic factors as wage levels, restrictions on imports, high rates of
savings and investments, artificially low interest etc. It seems more
realistic to recognize that the Japanese are winning in an area of
technological change that most firms in Europe and the US have hardly even
discovered, namely modern production technology. 1Its key element is
computer technology. The major obstacle is the integration of this
technology into the production organizatien, or in other words: the
management of process innovation. For the individual firm, finding the
correct response is all too often a question of survival.

ON THE MANAGEMENT OF PROCESS INNOVATION

If we agree from the above discussion that the successful introduction
of computer based process technology is crucial to the competitiveness of
our industry, the next question becomes how to achieve this. For the
individual firm this is a matter of improving its management of process
innovation. For industrial policy this is a matter of finding and
implementing appropriate stimulation measures, preferably based on a
good understanding cf the management problems involved. Alter all, we do
not want a Concorde project in the area of robotics. Empirical research
on and well documented experience with the process of innovation should be
our guide; specific research on the introduction of computer based automation
as well as the much more voluminous research on innovation in general.

The first lesson from research on technical innovation is generally that
response to demand ('demand pull') rather than response to technical
feasibility ('technology push') is the most effective route to innovation.
This should warn us for an infatuation with hardware solutions, This is
the major shortcoming of most of the studies that take the industrial robot,
the 'flexible manufacutring system', or the 'ummanned factory' as a starting
point. Computer based automation can be a most important tool, but not the
solution. Important sources of demand pull are the market and changes in
factor prices, but for process innovation certainly also signals from the
firm's own production organization. Rather than buying standard automation
equipment, utmost care should be taken to adapt the new technology to the
specific demands of the individual firm. Existing organizational strengths
and traditions should be taken into account. Full use of the firm's existing
expertise at different organizational levels should be made. Involvement
of the shop floor is to process innovation what market surveys are to
product Innovation.

This means that a great deal of attention and time should be devoted to
determining the type of equipment the firm needs in terms of required
functions, degree of flexibility of the new system, etc. during the phase
of pre-planning, Mortimer, J. (1982) found that some 60 percent of the
problems with 33 FMS case studies by Ingersoll Engineers in the US were
directly attributable to poor pre-planning at the outset. Other problems
according to this study were—in order of their importance—1lack of a clear
plan for achieving objectives, a lack of understanding of the diversity and
complexity of the products to be produced, an inadequate analysis of the
required flexibility, and a lack of organization champions.
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Table 2. Productivity1 growth in manufacturing industries of selected
countries: 1960-1980.

{Index: 1877 « 100)

United West United
Year States France Germany  Japan Kingdom
1960 ......cvvvenennnnnn. 60.1 40.0 40.0 217 58.3
1961 ..o viiiiie i 61.7 41.9 421 246 58.8
1862 .. ... ivei i 64.4 438 44.7 257 60.3
1963 ... 69.0 46.4 46.8 277 63.5
1964 . ... oiiiiiii i 72.4 48.7 503 31.5 67.9
1865......... fereseiriees "74.6 51.5 53.5 328 69.9
1966 . ... civi i 754 55.2 55.4 36.1 72.5
1967 .o 75.4 58.2 59.0 414 756
1968 ... .oev e 78.1 64.8 63.0 - 46.6 81.2
1969......... e 79.4 67.2 66.9 53.9 83.1
1970 . oo e 79.2 70.6 68.5 60.7 83.2
1971 (i B4.1 743 71.6 63.3 86.1
1972 . i R 88.3 78.6 75.9 69.6 92.2
1973 i 83.1 82.9 80.4 77.6 97.5
1974 .. .. 90.9 85.8° B5.2 80.8 972
1975 . e 83.5 884 . 89.3 84.0 85.0
1976 ..o 87.7 95.7 - 95.0 91.9 98.8
1977 o 100.0 100.0 100.0 100.0 100.0
1978 . 100.9 104.9 103.8 106.8 103.2
1979 e 101.9 109.8 110.3 1155 105.8
1980 (prelim.) ............. 101.4 113.4 109.5 1227 104 .4

1 Output per hour.
SOURCES: Department of Labor, Bureau of Labor Statistics, Office of Productivity and Tech-

nology, “International Comparisons of Manutacturing Productivity and Labor Costs. Preliminary
Measures for 1980," May 20, 1981, mimeograph. -

From: Science Indicators (NSF, 1980).
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The second lesson from studies of technical innovation is that
organizations tend to resist innovation. 1In the area of process innovation,
specifically, it can be shown that diffusion of technically and economically
proven innovations beyond the first user to utilization by 50 percent of the
firms in a particular branch of industry is a process of many years (see for
example Mansfield, 1968, and Nasbeth and Ray, 1974). It is insufficiently
recognized that technical performance within industries differ widely.
Differences in productivity between firms by a factor of two or three have
been found to be not uncommon. Four levels of technological performance in
the area of process innovation can be identified:

1) 1leading edge technology;

2) state—of-the-art technology;

3) common practice technology; and
4) backward technology.

The economic potential helping firms to shift from lower levels of
production technology (e.g., ‘backward' or ‘common practice') to higher
levels is very substantial, Our analysis of Japanese industry leads to
the conclusion, shared by many experts, that its competitive strength
lies in the relatively large proportion of firms operating at the level
of state-of-the~art technology. Visitors to Japanese factories rarely
report seeing technology not familiar in Europe, but Japanese stress of
modern production technology leads to an application of existing technology
to the utmost of their potential,

From the point of view of govermment policy it should be recognized
that leading edge technology is almest irrelevant in industrial practice.
Much can be gained however from the process of technology transfer from
higher to lower levels of technology. To promote industrial competitiveness
the major thrust of govermment programs should be aimed at helping firms
move someways from ‘common practice' to “state—of-the-art' technology.

Even then it should be understood that it will probably be impossible to
reach the very many firms at the level of backward technology. It should
be set firmly in our minds that govermment programs which do not reach
firms, directly or indivectly, below the level of 'leading edge' technology
will have little effect on industrial competitiveness. An effective
organization of the process of technology transfer, or 'diffusion and
utilization of Rnowledge' is critical to any program aimed at industrial
innovation.

A firm's palce on the continuum from leading edge technology to backward
technology depends on such economic factors as degree of competition and
profitability , but also on internal organizational factors as corporate
culture and risk averseness, Such factors culminate, implicitly or
explicitly, in the corporate strategy, which can vary strongly within an
industry. Burton Klein, using examples from a.o. the US steel and
automobile fndustries, stresses that the internal factors lead to the
avoidance of innovation to the extent that only fear of corporate collapse
(his concept of ''the hidden foot") will cause a firm to seek fundamental
change, Traditional economic forces such as profit maximization are
insufficient.
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Research on product innovation has pointed out that innovative firms
generally distinguish themselves from others in having an explicit innovation
oriented corporate strategy. (See also H. Nystr8m's (1979) distinction
between positional and innovative firms). Having an explicit strategy
with respect to production technology seems similarly to be a necessary
condition for moving a firm closer to state-of-the-art or leading-edge
technology in the area of process innovation.

THE STIMULATION OF FUNDAMENTAL PROCESS TINNOVATION

Having sketched the nature of the new technologcial and economic
challenge facing Western Europe and the management problems involved, we
should now try to come to some suggestions for action. For individual
firms it is clear that our analysis goes in the direction of paying more
attention to the requirements of the production organization and developing,
through a precess of organizational development, an explicit corporate
strategy in the area of process innevation, For govermment policy makers
the situation is more difficult. If modern production technology is not in
the first place a problem of developing advanced hardware, then solutions
fall outside such a traditional area of govermment programs as R&D., More
advanced robots do little to improve factories. On the other hand govermments
rightfully feel ill at ease in telling firms How to solve their organizational
or managerial problems. This is especially true if a large number of firms
need to be reached in order to have effect.

I suggest that govermments can learn a lesson from a rather unique Dutch
program for the stimulation of product innovation which was initiated in
1979. 1In that year the Dutch government started a special program to
stimulate innovation in industry; not directly, but through the intervention
of external consultants. The task of this "Project Industrial Innovation
(Pii-b)* was to help existing small and medium sized enterprises (SME) to
innovate:

- to teach 100 SME how to innovate;
- to increase the Dutch supply of consultants in the area of innovation
by training and coaching 70 management consultants in aiding these
100 firms:; and
- to prove the feasibility of specialized innovation consulting.
The new concept of innovatien consulting had been developed at TNO by
experimental projects in forms in the previous years. The concept is based
on three principles:

1) Innovatioen is radical change:

2) The innovation process is a learning process.

* There also was a sister project "Pii-~a", designed to help new, invention
based fiwvms, which need not be discussed in this context.
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3) Process consultation is more successful in implementing innovation
than other types of consultation (e.g., expert consultation).

The total budget of the program was about $ 3 million. Most of it was
used to subsidize the consulting fees for 70 percent. The rest was spent
on the training of consultants and program costs. Of 300 firms 106 were
finally selected for participation. Although the allowed fee was 30 percent
lower than the usual market fee, 200 consultants applied, of which 51 were
finally selected by, first, the program and, second, by a participating
firm. In the majority of the firms that were at last count at or near the
completion of the consulting process (48 consultant days) a definite decision
had been made about what kind of innovation they should develop. Because
the Pii-b interventions are designed to help a firm from the early
reconnaissance of a need for innovation towards the definite choice of a
well described innovation objective, it is too early to evaluate the
program in terms of hard economic figures. As soon as the firm is able
to proceed the process on its own, the Pii-b interventions are stopped.

The program is only intended to help define the corporate strategy for
innovation and to teach how to do it. In 80 percent of the cases this
objective has been reached. The development stage is the task for the
firm itself, Many of the 51 participating consulting firms are reported
to continue to apply the innovation consulting approach outside the
Pii~-b program. Because of these results the Dutch minister of Economic
Affairs has now extended the project for 2.5 years.

CONCLUSION

In this paper I have tried to present the case for viewing human factors
in innovation management not as possible obstacles to be dealt with, but as
the necessary driving force behind all conceiwable successful innovation
projects. This is especially true for process innovation, which is generally
completely intertwined with organizational innovation. BHuman factors need to
be mobilized at the start if the integration of new technolgoy and processes
into existing production systems is to be realized., If they are only
considered as obstacles to be dealt with after the hardware has been put in
place, both the “humans' and the new technology will suffer. The main
conclusion of this paper is therefore that the development of a corporate
strategy toward production technology is the most important tool for
achieying snecessful introduction of the computer in the manufacturing
process,

On the question of designing a policy instrument to promote process
Innovation I have suggested that we take a cue from a successful Dutch
program, Pii-b, for the promotion of product innovation through the
development of a system of innovation consultants. Pii-b teaches
consultants how to gpuide firms in developing an innovation strategy. The
goal is to become widely diffused in industry and self-supporting after an
initial learning process. In the area of process -innovation such an approach
could be successful because so many of the innovation management principles
apply. Of course the consultants will also need to be well versed in the
subjects of production technology and automation.

Finally I realize that progress in IR, CAD/CAM and flexible automation
also depends on creative research and development in hardware and software.
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In no way am I saying that it is useless to fund these more narrowly
technical activities, But it seems that efforts to improve the
organizatioenal introduction of the new technology have been relatively
neglected, From the point of wview of where to put your (government)
money among many policy alternatives, I believe that developing the art
of the management of process innovation through a system of consultants
would be a very good choice.
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Technical Research Center of Finland (VIT), Espoo, Finland

INTRODUCTION

After the second world war the structure of the Finnish economy changed
considerably. Industrialization increased as shown by the strong shift of
the work force from the agricultural and forest sectors to industry and ser-
vices., However, the proportion of agriculture is still larger in Finland
than in most advanced OECD-countries.

The main features in the development of the Finnish production structure
during the last twenty years have been the diversification of the metal in-
dustry and the strong development of the electronics industry. However, the
production structure of Finland is still rather one=-sided and thus easily
vulnerable. Also a rather small part of our industrial production is research
intensive compared with several of our competitors, and the particularly west-
oriented export of Finland still emphasizes capital-intensive and relatively
little processed products, These facts have been important starting points
for the discussions in our country on the acceleration of technological devel-
opment and the importance of governmental technology-political measures.

According to the plans made in the early 1980s, research funding will be
increased in coming years, and great efforts will be made in order to attain
a more rapid growth than the average increase in expenditures, due to the
nature of research and development activities as a creator of innovatioms.
Both the public sector and business and industry must endeavour to obtain this
goal.

The share of technical research and development of gross domestic expen-
diture on R&D (GERD) in Finland in 1981 was nearly 60%. This was divided be-
tween the three main parts of technical R&D in the following way: business
enterprise sector 807, the Technical Research Center of Finland (VIT), 157%,
and technical universities 5%. The share of the business enterprise sector
on GERD is about 607% which is quite close to the average for OECD countries.
According to the official statistics of Finland the number of companies per-
forming R&D in 1979 exceeded 500. R&D in the business enterprise sector is
quite strongly concentrated in big companies.
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VIT is a government research institute covering a diversified and wide
range of research work. Its principal task is to create, maintain and develop
the technical knowledge needed by the Finnish economy and the administrative
bodies. Its main activities are research and development work, testing and
inspection work, and information service. Priority is given to applied re-
search related to concrete problems and needs. VIT is an exceptionally di-
verse research institute and its 30 laboratories cover most fields of tech-
nology. With its broad range of operatioms, VIT is in an excellent position
to combine the expertise of several fields in resolving a single problem. The
most important fields of research at VIT are building and community technology,
materials and processing technology, energy and information technology. At
the moment VIT's personnel number over 2,200.

VIT carries out research work on its own initiative with financing from
the state budget and commissioned tasks from domestic and foreign companies.
At present the commissioned tasks already comprise over one half of VIT's
activities. The contractual assignments are mainly debited at cost price.
VIT has quite an important role in Finland, both as a typical research insti-
tute and as a service organization. This is why the role of VIT in creating
innovations has, during the last few years, been a topic of lively discussion
and study. The results of this discussion can be summarized as follows: VIT
develops products and processes mainly on commission from companies and, in
general from the point of view of the companies, these are a smaller or bigger
part of a wider innovation process. Only in some cases, at least so far, can
VIT take responsibility for the whole innovation process. Development or
innovation work done on VIT's own initiative is primarily to develop instru-
ments for VIT's own use. VIT also improves the general conditions of innova-
tion activities by performing other tasks.

From VIT's experiences the following are especially important starting
points and premises for further cooperation between VIT and industry:

o VIT has the knowledge about the latest research results;

o VIT has the opportunity to act as a supplementary to industrial
innovation capacity and as a leveller of summits;

o VIT has the capacity to give the special experience needed by
industry and the opportunity to act as a performer in wide poly-
technical tasks;

o VIT is able to work impatially and to take responsibility for
the strict orders given to the time table, costs and quality of
a project; and

o VTT is able to apply the working principles familiar to industry.

In VIT innovation activities the main advantages are, first, the wide scope
of VIT and, secondly, the good relationsips with industry on the one hand and
on the other, technical universities. The structure and organization of VTIT
give rise to a very broad base of knowledge within a project using expertise
from different fields. VIT is somewhere between universities and industry,
and this location enables the contacts with both sides that is necessary for
product development. From industry VIT can get the needs and boundaries given
by practice. Good relations with the world of pure research gives knowledge
of available new methods. To be able to keep the standard high enough also
requires good international contacts with both industry and research institu-
tions.



-135-

QUALIFICATION OF RESEARCHERS AND OCCUPATIONAL SOCIALIZATION

One way to study the qualification of researchers is to analyze it as a
result of an occupational socialization process. This process can be defined
as a "continuous personality structuring which takes place when a person re-
sponds to the demands (partly contradictory) of the production process"
(Groskurth 1979:10). This approach makes it possible to analyze the special
requirements caused by VIT's unique position in the national research system.

About BO7 of the researchers at the Electrical Engineering Laboratory
have an academic background and most of them are recruited immediately after
their examinations when the socialization process of young researchers is not
yet completed. The work orientation, conceptions regarding ''good work" and
norms of working are, therefore, greatly molded according to the demands and
models offered by the organization. As a result of its position between
basic research and development work, VIT has to unite traditionally contradic-
tory requirements and ways of working to develop its own unique type of qual-
ification and organizational character. This problem can be described as fol-
lows: how to combine such qualifications as the readiness to follow the de-
velopment of basic research and methods, knowledge of different applications,
basic understanding of the economical aspects of innovations and the prepared-
ness for efficient and responsible work in strictly scheduled product develop-
ment projects.

To unit such qualification requirements special values, norms and manage-
ment procedures are needed. For instance, the responsibility of all team
members in the project is a norm that necessarily must be transmitted by the
organization. This norm, however, is not necessarily natural to researchers
with academic backgrounds. In the same way, the qualification of researchers
at VIT can be seen as the development of a "special type of researcher" with
qualities corresponding to the demands of VIT's special position. The basis
for this qualification is adequate work orientation, clear idea of special
knowledge and the way of working needed at VIT. These conceptions are partly
transmitted to a new researcher through the routine work activity, But, to
form a conscious work orientation, explicit analysis of the necessary demands
of work activity is needed.

This analysis of requirements can best be performed as part of the goal
setting and planning process. The analysis of organizational goals, the
"business idea" and the premises of successful innovations (the necessary
know-how, forms of organizing the work) deal with the very basic qualification
requirements needed in research and development work.

Because of its position VIT also has certain special motiviation sources.
Among others these motivating factors are: stimulating and varying work; pos-
sibilities to influence the industry; and the opportunity for natiomal contacts
which may provide future scientific career possibilities. In the DAMATIC pro-
ject case study by Dr. Andersin (1983), the quality of goals turned out to be
important for the motivation of researchers. This fact could be expressed in
that motivation comes from outside, from the utility and uniqueness of planned
results, not from the inner needs or drives of a researcher. This unity of
high motivation and challenging goals raises the importance of goal quality
and goal-setting as abasic factor pushing the qualification of researchers in
an organization forward.
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SUCCESS AND FAILURE IN TECHNOLOGICAL INNOVATION

There is a well established tradition in innovation research to compare
projects that have led to successful innovations with those that have led to
failures in particular companies (see, for example, Kulvik 1977, Rothwell
1977, Rubenstein et al. 1976, and Freeman 1982). Though the studies have
mainly concentrated on technological innovations in industrial firms, some of
the findings provide an adequate framework for looking at human factors in
innovation management also in supporting technology development institutions
like VTT.

The majority of successful innovations arise in response to the recog-
nition of a market need of one sort or another (need-pull) as opposed to the
recognition of a new technological potential (technology-push). But as
Freeman (1982) and Sahal (1981) have pointed out most innovations involve
some imaginative combination of new technical and market possibilities. As
both the market and technology are continually changing, innovation is a
coupling process to link these two processes together. The management of
this sort of process, which takes place in the minds of imaginative people,
is most difficult and gets.even more problematic when the knowledge of tech~
nical possibilites and market needs are brought together from different or-
ganizations. This isthe case in most contract research projects in which
the technological know-how is provided by the research institution and the
market and production knowledge by the firm.

Successful innovation, while enjoying good inter-firm communication,
must establish efficient communication links with outside scientific and
technical establishments, as well as with the customers, and make deliberate
efforts to survey potentially useful externally-generated ideas. VIT's per-
sonnel generally have good and close relations with the scientific community
because of:

o the convenient geographical location (VIT and the technical uni-
versity are side by side);

o VIT's recruitment practice (VIT recruits mainly from the univer-
sities);

o VIT's substantial own basic and applied research.

But here again, communication with the other end of the innovation process,
i.e., the customers, remains insufficient.

This communication problems brings with it another relevant problem,
namely the different communication habits of scientists and engineers (see,
for example, Rothwell and Zegweld 1981:152-153). Scientists tend to mainly
look at the primary literature and form "invisible colleagues" among their
peers. They appear to be little constrained by the bounds of the firm, and
their rewarding system is outside their administrative organizations. En~
gineers, on the other hand, look more to secondary literature and draw very
much on their own personal experience. They are very much bound by the firm
and its rewarding system. At VIT the form of communication has traditionally
been that of scientists, but along with the change in VIT's role, communica-
tion forms are also changing. So far there have been no systematic efforts
to promote this change by means of, for example, splitting the personnel into
those performing scientific research and those involved mainly in development.
Also, the incentives have been more like those of science, and in the future
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new rewarding methods have to be developed. One indication of the recogni-
tion of the new requirements is the plan to establish a marketing firm "VTT
Technology" to create new channels to the markets.

An explicit and active product development or imnovation policy as an
aid to strategic planning seems to be attached to high innovation activity.
This policy has to be convered into explicit research and development objec-
tives (see, for example, Blake 1978, Ormala 1983) because they:

o tie the research function closely to the objectives of the
organization;

o help to convey the strategy defined by the top management
of the organization to lower levels in an operational form;

o form the basis for decision making in different parts of the
organization.

Successful innovators tend to be strongly committed to the objectives of an
organization. In research institutions engineers and scientists, who are
involved in industrial innovation, face the problem of dual objectives.
Should they be committed to the objectives of the contractor or of their own
organization? This problem may become tricky if the objectives turn out to
be contradictory. At VIT the solution has been to define the objectives as
broadly as possible: VIT should do everything to support the development of
the Finnish economy. This formulation is definitely not very explicit!

Successful innovation tends to be associated with an open horizontal
management style which is organic rather than mechanistic, particulary with
regard to the R&D and marketing functions. The management at VIT has tra-
ditionally been relatively decentralized, and with the adoption of the matrix
organization the development has been towards an even more decentralized
system. In some projects it even has been possible to adopt management rou-
tines and principles from the contractor, which has eased the cooperation
considerably.

There is no doubt that success is associated in particular with the pre-
sence in the firm of one or two key individuals (product champion, business
innovator, technical innovator) who are committed to, and who enthusiastically
support, the innovation. (Rothwell 1977:202). To be effective, moreover, the
business innovator must have sufficient power and authority to positively
affect the course of the innovation, which means that he should hold a place
high enough in the organization's hierarchy and have greater seniority. The
most important question concerning the role of the technology development
institutions is whether this product champion can be from outside the innova-
ting firm, or whether this function can be divided into technological innova-
tor and commercial innovator. However, as these "key individuals" are of
great importance to the business firms, such persons are at least as impor-
tant in technology development institutions. The recognition of this fact
leads to the conclusion that among the most important management responsibil-
ities is ensuring that the organization always has such persons available,
and that everything is done to support them.

In the following sections the aspects and problems of management raised
in this section will be discussed in the light of some of VIT's development
projects in electrotechnology.
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PRODUCT DEVELOPMENT PROJECTS CARRIED THROUGH AT VTIT
A New Automation System

VIT participated in the development of anew microprocessor—based automa-
tion system for the Valmet Corporation. The system is technically described
by Wahlstrom et al. (1983). Andersin (1983) discusses the project in detail
and gives the customer's point of view of the project. The following are
some comments about the role of VIT.

The main development phase lasted less than a year and, hence, there
was considerable time pressure on the project group. The project group was
highly motivated. At VIT the reasons may be the fact that the system was
unique and many new techniques and ideas could be applied. Moreover, the
same people at VIT had been specifying the system from the very beginning,
and the feeling that the system was their own seems to have been encouraging.
Also, the knowledge of the importance of the project was very motivating.
When the new system was introduced there was a real market need for it. It
had only one competitor which had been on the market for four years. Today
there may be about 50 such notable systems available. The new, more effi-
cient system was introduced at the beginning of an investment period in
Finnish industry.

The arrangements for the project (see Andersin 1983) enabled fruitful
communication within the project. About 307 of the work of VIT was also done
in premises rented for the project. When people were close to each other it
was easy to agree about details in the system, and due to vivid communication
everyone received all the essential information without arranging special
information distribution. At the beginning of the cooperation, the communi-
cation habits were very different at VIT and Valmet. During the project the
researchers learned the engineer's language and communication was no longer
a problem.

The customer's objectives for the project were also adopted by the VIT
people and no great conflicts in this respect were noticed. However, during
some extremely stressing periods some comments about the necessity of work-
ing during weekends and late in the evening were heard. It should be men-
tioned that VIT could not arrange for the same flexible overtime compensation
as Valmet did.

The management style of the project employed weak project organization
that allowed for independent work with full responsibility for the results
for everyone. The total support from Valmet top management was also appre-
ciated by the project group. Three VIT laboratories (Electrical Engineering,
Telecommunications and Medical Engineering) were involved. The organization
of VIT allowed for good cooperation between the laboratories, and the labor-
atory directors recognized the importance of the project. Although the pro-
ject was real team work there were key individuals both in the management
and in the project group, in the following fields:

— arrangements of resources
— adoption of end user's needs in the system
— functional approach to the system structure.

The project was successfuly brought to an end although a continuous updating
is going on. However, two negative aspects of the project have to be men-
tioned:
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o some provisional solutions, which were made due to the time
pressure, became permanant.

o documentation was not always complete during the intensive
development period. This affected the start-up procedure.

A Seeing and Learning Sorter

VIT developed a new sorting system for the Partek Corporation during
1977-1980. The system which is described by Mienpid et al. (1982) should be
able to sort different types of piece goods, and the sorting of lime-stone
was chosen as the first application. The market need for this type of pro-
duct was indicated by the fact that automatic classification of lime-—stones
allowed for utilization of about 307 more rock material than by using the
hand picking method. The customer was also looking for new products and
material sorting was seen to be a suitable field. The prototype was instal-
led in a lime-stone mill in 1980 and the following year Partek came to a
license agreement with a multinational company who now markets the system
world-wide. Parket now has six lime-stone sorting systems in operation.

The system was mainly developed at VIT within a normal project organiza-
tion and all the work, from the very first ideas to the prototype, was done
at VIT. Hence motivation was very high because own solutions could be tested
in reality. Moreover the problem was technically interesting, e.g., calcula-
tions showed that the problem could not be solved using a conventional ap-
proach. As the project was done mainly at VIT, normal management style was
used. The main reason for the success was that a working project group could
be found. Communication was quite informal within the project. The project
group comprised of 4-5 people, all of whom worked in the same laboratory and
came in daily contact with each other. The group also arranged special meet-
ings to discuss different technical solutions. 1In order to transfer informa-
tion to the customer, one person from Parket worked with the project at VIT
for half a year. The objectives of the project were quite clear both for
VIT and for the customer. However, there were some discussions between the
two parties about what type of technical solution would give the best result.
The project group had to motivate the chosen solutions very carefully, and
these discussions also indicated the customer's interest for the project.

The customer was, perhaps, given better possibilities for looking into
the project than is usual at VIT. This, however, facilitated cooperation
and also made later phases easier to carry through. The division of the pro-
ject into clearly defined parts, where some vital functions had to be demon-
strated before a decision to continue could be made, gave the customer good
control of the project. 1In the beginning the enthusiasm of some key individ-
uals at Partek was needed to get the decision to start. This decision also
depended on the first specifications of the system, which were done at VTT.
Later during the project all the project members worked collectively to obtain
the wanted results.

A Training Simulator For Operators of Nuclear Power Plants

From 1976 to 1980 VIT participated in the development of a training sim—
ulator for operators at the two nuclear power plants in Lovisa. The simulator
which is described by Heimbiirger et al. (1982) was delivered to the user
(Imatran Voima Oy) by Nokia Electronics. VIT participated in the project as
a consultant both for Nokia and for the user.
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Several people were working in the project where a new product was de-
veloped. They had good motivation because they felt that it was important
to succeed. Before the product development project, VIT had taken care of
the invitation for tenders and their evaluation and participated in making
functional specifications for the simulator. For Nokia there was a market
need because there was no simulator available for training operators in
Lovisa. The same type of nuclear power plants were going to be built in
many other European countries and, hence, Nokia saw the possibility for new
business. The project was done at Nokia and all the VIT people who worked
as consultants for Nokia worked in the Nokia project organization with the
work being done at the factory using Nokia's facilities. This arrangement
again allowed for close communication. Information within the project was
also distributed by arranging one day seminars at certain intervals during
which the project people presented their work, at the same time receiving
documentation on work already done.

In this project no differences in communication habits could be noticed.
The people from VIT had, for a long time, been working with automation in
nuclear power plants and had learned the language used. People at Nokia had
a similar background. The objectives of the project were clear to everyone.
The main objective was to get the system ready in time. The time schedule
was realistic and was continuously checked and up-dated. Hence everyone in
the project, from top management to the project group, knew the project status.
Management was clear, with well-defined responsibility. Progress was followed
by a coordination group which contained representatives of Nokia, Imatran
Voima and VIT. This group made all the major decisions and was well aware
of the project status. All parties (Nokia, Imatran Voima and VIT) had as-
signed experienced people to the project and all were in some way key indi-
viduals in the project. People from two VIT laboratories participated in
the project (i.e., from Electrical Engineering and Nuclear Engineering).

CONCLUSIONS

In this paper, the role of VIT in industrial innovations has been dis-
cussed and three completed product development projects have been presented.
In these projects the researchers were well motivated, and it is believed
that this motivation is based on the fact that the same people worked on the
project from the very beginning until the "bitter end". They could see
their early drafts coming to concrete working end products. Besides motiva-
tion, the following aspects are of great importance in an organization such
as VIT:

1. The incentives for making contact with VIT when there is a per-
ceived need for research and development are important. It seems
obvious that VIT should strive to develop its image and contacts
to make such inquiries more likely. 1In this respect, the impor-
tance of personal contacts between VIT staff and potential cus-
tomers should not be underestimated.

2. The initial work with the customer is important, because here VTT
has to show the customer that it has the capacity to solve his
problems. In two of the described cases VIT did the first rough
specifications using public funds. These specifications were pre-
sented to the customer so that he could check whether the approach
was appropriate.
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3. Broad contacts within VIT enable the use of the right resources
for every problem, and the customer can be directed to the lab-
oratory which is most suitable to solve his problems.

4, The specifications of a new product must not be changed during
the project. In the described projects no major changes were
done. This fact seems to depend on the way the products are
specified. The specifications were given in functional terms
using the user's viewpoint and he was always represented when
the system functions were discussed. In the specifications a
top-down approach was used where the system was divided into
smaller and smaller functionally well-defined parts.

5. The testing of a new system is critical. During this phase,
everyone tries to turn the responsibility to somebody else.
Testing is easier if the system is divided into functionally
well-defined and well-documented parts with clear interfaces.

6. No extra pressure should be put on people who have already given
their all for the project. In such cases it is better to make
the time schedule more realistic.

7. The transfer of information from VIT to the customer has to be
arranged in goodtime. In all the described cases the represen-
tatives of VIT and the customer worked under the same ceiling
for some time. Other similar arrangements are also possible.

If a project is well planned, and both parties are aware of each other's
capacities and needs, an innovation project has a. good chance to succeed,
although the objectives of VIT and the cusomter may sometimes differ, i.e.,
when the customer wants a product but VIT has to take care of all its employ-
ees, which means that the best resources cannot always be allocated to every
project. Through a suitable use of both young and experienced people in the
same project, the younger have a chance to learn.

REFERENCES

Andersin, H. (1983) Motivational Factors in a Product Development. Presented
at the Task Force Meeting on Human Factors in Innovation Management,
Helsinki, 9-14 October 1983 as part of the IIASA study on Innovation
Management in Electrotechnology.

Blake, S.P. (1978) Managing for Responsive Research and Development. New
York: W.H. Freeman.

Freeman, C. (1982) The Economics of Industrial Innovations. London: Frances
Pinter, 2nd edition.

Groskurth, P, (1979) Arbeit und PersBnlichkeit (Work and Personality). Ham-
burg: Rowolf.

Heimblirger, H., M. Nevalainen, E. Rinttil¥ (1982) Lovisa NPS Training Simula-
tor—Experiences in Training Research and Development Activities. IAEA
International Conference on Nuclear Power Experience, Vienna 13-17
September, 1983.



~142-

Kulvik, H. (1977) Factors Underlying the Success or Failure of New Products.
Report No. 29. Espoo, Finland: Helsinki University of Technology,
Laboratories of Industrial Economics and Industrial Psychology.

Mienpdi, I., P. Malinen, M. 0llus, E. Saukkonen, B. WahlstrBm, E. Uotila
(1982). A Computer System for On-Line Sorting Based on Visual Images.
Proceedings of the 6th International Conference on Automatéd Inspection
and Product Control, Birmingham, UK, 27-29 Aoril 1983, pages 145-152.

Ormala, E. (1983) Supporting Technology Development Evaluation with Multiple
Attribute Utility Analysis and Fuzzy Decision Analysis. WP-83-59.
Laxenburg, Austria: International Institute for Applied Systems Analy-
sis.

Rothwell, R. (1977) The characterstics of successful innovators and techni-
cally progressive firms (with some comments on innovation research).
R&D Management, 7(3):191-206. '

Rothwell, R. and W. Zegveld (1981) Industrial Innovation and Public Policy.
Preparing for the 1980s and 1990s. London: Frances Pinter.

Rubenstein, A.H., A.K. Chakrabarti, R.D. O'Keefe, W.E. Sonder, H.H. Young
(1976) Factors influencing innovation success and the project level.
Research Management, 19(5):15-20.

Sahal, D. (1981) Patterns of Technological Imnovation. London: Addison-
Wesley.

Wahlstrbm, B., A. Juusela, M. Ollus, P. NYrvHinen, I. Lehmus, P. LBnnqvist
(1983) A distributed control system and its application to a board
mill. Automatica, 19(1):1-14.



~143~

HUMAN DILEMMAS OF STRATEGIC MANAGEMENT IN AN INFORMATION SOCIETY
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INTRODUCTION

Over the past several decades, the main body of Business Policy litera-
ture has emphasized general management creativity and innovation as the keys
to successful strategic planning (Christensen et al. 1982). A strategy or
plan of action, according to this point of view, is supposed to define an
organization's goals and objectives, the pattern of internal resource allo-
cations, competitive risks, and plan implementation and control procedures
(Patz 198l). Furthermore, when the organization under consideration is a
business firm, strategic planning serves as the crossroad for innovations in
product and process technologies and innovations in approaches to markets
(Koch 1974).

This view of strategic planning, although heavily influenced by indus-
trial organization economists (Porter 198l), has always been rather "human"
or behavioral in its emphases (Patz 1976). Nevertheless, a new term "stra-
tegic management'" has been coined as a more inclusive symbol for the strate-
gic planning plus strategic behavior point of view (Schendel and Hofer 1979).
Almost always, of course, strategic behavior refers to the actions and in-
teractions of the general managers doing the strategic planning.

Also, much of the research on strategic behavior follows fairly typical
lines. That is, the important questions focus on what kinds of people are
creative and innovative in general management positions, whether or not plan-
ning behavior can be made more efficient in one sense or another, and which
intervention methods are more or less useful for changing the behaviors of
a planning group (Mitroff and Emshoff 1979).

These issues are important ones and need to be pursued in all kinds of
societies, including those making the transition from "smokestack" to infor-
mation based economies. Nevertheless, information based economies are gen-
erating an entirely new set of human issues that will profoundly affect the
strategic planning process. The purpose of this paper is to discuss a few
of them and their strategic planning implications.
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HUMAN STRATEGIC ISSUES OF THE NEW HIGH TECHNOLOGIES

Beginning with the obvious, the phrase "high-technology" means something
quite different in the 1980s than it did in the 1950s. Three decades ago,
high technology products were jet liners, first generation computers, and
sophisticated plastics made possible by the manipulation of molecular struc-
tures. They were admirable achievements, but they only enhanced the social
and economic thrusts of the times. Today's products are artificial intelli-
gence, automated factories, distributed data processing, international data
transfers, robotics, and several others. Automated factors, for example,
include CAD/CAM/CAT, that is, computer aided design, computer aided manufac-
turing, and computer aided testing.

The technologies of thirty years ago appear almost as distant to today's
developments as the self-sufficient castles of feudalistic times did to the
new factories of the industrial revolution (Durant 1944, 1950, 1975). Yet,
the strategic, let alone human, implications of these more recent developments
have been largely ignored in the academic and trade literatures. Hardware
and software occupy center stage with only minor efforts being devoted to
manufacturing strategy and human problems in an information society (Skinner
1978).

Nevertheless, the information revolution is causing another social and
economic upheaval. The evidence is obvious. It ranges from high inflation
and unemployment rates to the development of altogether new industries, de-
fense systems, and social mores. In short, several symptoms of this revolu-
tion are now apparent, and as can easily be supposed, they are primarily
human concerns. Briefly, key human issues of an information society are:

1. A further uncoupling of the relationship between productivity
and consumption. '

2. A new independence within economic units among their growing
international independence.

3. A transfer of power within economic units.

4. A new sources of risk—anticipation.
Likewise, their strategic planning consequences are:

1. A wider range of self-determination.

2. A fortuitous business risk distribution.
These are not independent issues, nor are they totally interdependent. The
easy distinctions of probability theory do not apply. Furthermore, because
they are human issues, they have to affect individual and group aspirations
and expectations. In other words, they have to affect fundamental creative
and innovative process (Secord and Backman 1974).

A PROBLEM OF DEFINITION

When the first of these human issues is considered—the relationship
between productivity and consumption—otherwise reasonable people lose their
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perspective rather easily. One person's aspirations are another's expecta-
tions, and the scales of justice do not distinguish very well among the ef-
forts that individuals make and the results that they achieve in the pursuit
of individual rewards. Nevertheless, some crude distinctions can be made
regarding human factors in the overall strategic management process.

First, few people would disagree with the argument that the rewards for
an individual's contribution to an organization are at least delayed in time
if not uncorrelated with the effects of the contribution. Performance mea-
surement methods are just not that precise, and not many people responsible
for deciding merit differentials would prefer a greater degree of accuracy.
A substantial degree of error always aids austere as well as beneficent
largesse.

Second, the coming information society is not making these difficult
merit distinctions any easier. Agriculture, manufacturing, and mining are
already within the province of flexible machinery and robots (Scientific
American 1982), and the office of the future is not far behind (Management
Technology 1983). Automated retailing is now a reality with videotex (Byte
1983), and the microcomputerization of education is already past its begin-
ning stages (Watt 1983). In other words, the relative dominance of machines—
not people—in productivity matters is becoming absolute.

Yet people—not machines—are the primary consumers of goods and servi-
ces. Thus, a difficult question has been raised, and it can be asked in
several different fashions. For example, what will it mean to "work" for a
living in an information society? How will the concept of "income" be de-
fined? Or, how will the results of machine productivity be distributed among

people?

Strategic planners will have to face this question, in the above forms
and several others, and possible answers are not very clear. Work, income,
and the distribution of wealth lie at the "human" core of strategic manage-
ment. Why else would people engage in such an exhausting process as strate-
gic planning for economic competition?

This is just one dilemma, however, in the coming strategic management
puzzle. It will most likely interact to some degree with the others to be
discussed in the following paragraphs, but it gnaws at our very existence.
Some sort of relationship between productivity and consumption seems almost
sacred.

OTHER DILEMMAS

Less sacred, perhaps, are political and economic risk issues. Even with-
out naming the issues, this territory should be familiar. But, the informa-
tion (high technology) society has added some new dimensions. The most obvi-
ous one, of course, is the totally international nature of today's business
environment.

Independence and Interdependence

In fact, the international interdependence among economic units is such
a well-respected truism, that the absence of this recognition just a few de-
cades ago is surprising by comparison. Markets are now worldwide, not just
local, and every strategic planner has to recognize this.
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But, there are more important "truisms' to be observed. Among these
are the following:

1. International business alliances can be made in several directions—
each one with a different marketing, production, and financial management
purpose that nevertheless adds to the viability of the entire multinational
enterprise. It is simply not imperative that parochial arrangements be main-
tained. Automobile manufacturing and assembly, oil production and distribu+
tion, and international shipping—to cite a few examples—can be negotiated
in several directions. An individual firm composed of several interdependent
multinational constituencies is a powerful source of economic safety (Ruten-
berg 1982).

2. This international range of competitive alternatives not only allows
but also invites a significant increase in the number of strategic planning
choices within an individual firm. As a result, the choices among alterna-
tive market behaviors have more or less equal face validity (Patz 1982).

3. Any specific strategic choice, among this class of equally reason-
able ones, is difficult to verify and justify given cross cultural data dif-
ferences, deficiencies, and errors. These data problems are common to re-
gional or national strategic planning efforts. International business plan-
ning, on the other hand, not only faces the same issues on a nation by nation
basis but also has to deal with the translation of findings to some common
basis.

4. In short, an ambiguous international environment provides a great
deal of choice independence within economic units that are otherwise inter-
nationally interdependent. That is, strategic decision making is becoming
more a matter of opinion than a matter of fact.

What decision makers declare to be relevant in the determination of
which goods and services to produce is at least as important as actual market
forces. The inexorable machinations of these forces may be dominant in the
very long run. On the other hand, predictions of market structures and dynam-
ics are about as accurate as the performance appraisal methods mentioned
earlier. Therefore, one hypothesis regarding the independence of strategic
choices within economic units is that these choices are at least as effective
in determining market structures and dynamics as well as vice versa.

Power Transfers

Of course, such internal independence—as it always has—leads to power
struggles. Some person, or more often, some group has to decide where re-
sources are to be allocated in the pursuit of goals that are defined more as
a matter of opinion than as a matter of fact. This is not new. What is dif-
ferent is that the new high technologies are changing "who decides."

Distributed data processing is a prime example; and, like all information
processing terminology, the term "distributed", when used with "data-processing"
belies its real significance. The main issue, as far as data processing people
are concerned, is how to maintain control over organizational operations. Any
optimal use of information for decision making purposes is strictly coinciden-
tal (Weinberg 1983).
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Most important, what is strategically important to a firm is determined
by who has access to 1ts information processing unit. Information can be
manipulated, denied, and modified by anyone whose best interests are served
by such procedures and has access to the necessary information channels.
This is not a game; it is a matter of power. Furthermore, power interests
in any organization are not best served by clear, concise, accurate, and
readily verifiable information (Cyert and March 1963).

Distributed data processing enhances power transfers because it allows
greater generation, modification, use and control of an organization's data
base by its information processors. It is an ironic outcome of decreased
information processing costs that more and more people can have access to a
firm's information base with little interference. 1In the words of one chief

'n

executive, "We are risking our business on what those people do!

Anticipation Risk

A greater access to and use of information, however, has more than in-
ternal organizational effects. Almost all firms can play the "information
game" and, of those who can, most do. Relatively sophisticated economic and
financial models, analytical tools that once were available to only a fortu-
nate few, are now on sale at a minor cost in any microcomputer store. Fur-
thermore, dozens of multinational information services are available without
any additional computer hardware than a modem (Desktop Computing 1983).

But, due to this -enhanced computing power, every firm may anticipate
the range of strategic actions available to every other firm in its markets.
Detailed projections can be made for each alternative taking into account
product lines, markets, new ventures, and the financial conditions of the
main competitors. Of course, these projections are made against each of the
main strategic alternatives available to the firm doing the analysis, and
several interesting results are obtained. The simplest ones, of course, are
pro forma projections for all the firms included in the analysis.

Many firms are already doing this, but some analysts tend to stop at
this point and argue for the strategic alternative that yields the most des-
irable pro forma statements. Others tend to go further and attempt to specify
strategic actions that should be taken if and when:

1. Competitors' behavior is significantly different than expected.

2. Market conditions change due to factors other than competitors'
behavior—including economic cycles affecting demand growth and
decay, govermment actions (such as regulation and tax code
changes), and labor negotiations.

3. Other low probability events occur——such as possible mergers,
acquisitions, diversifications or research breakthroughs.

In so doing, these latter analysts are bringing competitive actions
closer and closer to real time. They are making "anticipation time" to stra-
tegic actions by competitors more important than reaction time. Said in
another way, a long sought after goal of strategy formulation and implementa-
tion (Business Policy) is at hand. That is, offensive and defensive strate-
gies can be formed, in fact, before they are needed.
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But, since anyone can do 1t, each firm's business strategies carry a
higher risk. Many other firms are anticipating a given firm's strategic al-
ternatives, and the cost of doing so is very low. More important, the prob-
ability of implementing viable competitive strategies—and successfully com-
bating market threats—is rather high.

The US microcomputer industry is one example of the phenomenon. Many
firms are surviving even though six months to one year is not an unusual life
expectancy for many hardware and software items. 7This time span is too short
for firms to survive simply by copying one another's product innovations and
bringing them to market. The products and manufacturing processes are too
complicated for that. In short, their strategies have to be anticipatory.

Likewise, with the advent of national and international data transfers,
the banking industry has entered the world of high technology and anticipatory
strategies. The bewildering array of new financial instruments is offered
too closely in time from too many banks for them to be simple copies. If
nothing else, the information systems and business forms take too long to de-
velope for a bank to remain competitive simply by copying its rivals.

EXPANDED SELF-DETERMINATION

0f course, firms can and do engage in industrial espionage in order to
reduce their anticipation risk. This is another human dilemma of strategic
management in an information society, in spite of the fact that the success
to failure ratio of such efforts is probably fairly low. In fact, such ef-
forts may increase anticipation risk simply by forcing firms to anticipate
them. Even if the net effect of industrial espionage is nil, these three
basic social -and economic phenoman—independence within a greater interna-
tional interdependence, intraorganizational power transfers, and anticipation
risks—have a combined influence on several strategic planning issues. Two
are noted in this paper.

First, the range of organizational self-determination or discretion is
increasing in several important dimensions. An obvious one is location. The
information society does not depend upon navigable rivers and natural harbors
to the extent that industrial society does. Climate and access to other des-
irable geographic features can dominate in the location of a firm and its
various facilities. Certainly this is already the case in several areas of
the world.

Equally important, if not more so, is the fact that distributed informa-
tion encourages the making of key decisions at other than top management
levels., Time is money, but information is power. Those who have access to
it—and can manipulate it—can make strong arguments for resource allocations
that favor their programs, markets, and products.

Add to this problem the difficulties associated with justification and
verification of any strategy in the face of competitors' anticipation, and
several power bases within an organization become contenders for discretion-
ary prerogatives. In short, because of the new technologies, an old strate-
gic management task is coming to the forefront. That is, it is becoming more
and more difficult to maintain a coalition when independence, information and
anticipation forces are pulling it apart.
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Even the ruling group of the organization or coalition, the top manage-
ment team, has its problems. It has to deal with conflicting demands for re-~
source allocations from different information centers that all too often use
the firm's own data base, have a reasonable face validity, and pit against
each other the barely latent sympathies of the ruling group. When nonruling
groups face each other however, sympathies are anything but latent.

Symptoms of these fragmenting forces at other organizationlevels are
abundant. For example, compensation problems—particularly the compensation
of sales people and worker participation in compensation decisions; produc-—
tivity disputes; and the nonacceptance of computerized systems by those ex-
pected to use them are common examples at the operating levels of many busi-
ness firms. To make matters worse, when computerization and automation occur
in several places at once in a firm, and when performance measurement of
those involved is difficult (the same strategic justification and vertifica-
tion problem at the operating level), the relative values of individual inputs
and outputs in the production process can be easily confused.

Moreover, middle management fears of being replaced by information sys-—
tems at the administrative level are even more dramatic. According to one
estimate, '"When the factory of the future arrives, the workers on the shop
floor will be the least affected, while automation will obviate entire layers
of middle management" (Kindel and McDermott 1982). Of course, in several
American and Japanese factories this sort of "estimate'" is already a reality.
In all cases, however, the coalition maintenance problems of ruling coalition
or strategic managers have increased.

In other words, self-determination is a mixed blessing for the partici-
pants in modern organizations. In exchange for more numerous degrees of free-
dom, top managers have a much more difficult coalition maintenance task;
middle managers are simply trying to survive; and everyone else is trying to
deal with a nebulous performance measurement and reward system. Especially
with this last problem—performance and rewards—the previously noted and
mounting problem of productivity and consumption in an information society
will strain the creativity and innovation of general managers.

FORTUITOUS BUSINESS RISKS

Last, but most important, anticipation risk is affected by expanded
self-determination and power transfers. The computational power referred to
earlier, and the flexible strategies that can result, are not immune to the
power struggles of fairly independent organization participants. Rightly or
wrongly, in any particular circumstance, individuals and groups will view
their self-determination rights as paramount—more important, that is, than
the execution of the ruling coalition's intended strategy. Perceived and
actual productivity/consumption discrepancies will enchance these difficul-
ties; and, with increased access to important information, the bases of such
difficulties will be easy to justify.

In short, anticipation risks—with a fairly well~defined probability
distribution—can and sometimes will become fortuitous business risks. That
is, the possible outcomes of a particular strategic choice, given the strate-
gic choices of all main competitors, will be impossible to define. 1In program
management terms, the costs, time required, and ultimate profitability of im-
plementing a particular strategy will become "unknown-unknowns'.
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This sort of condition can result from technology alone. For example,
the development of a new weapons system is oftentimes begun when it is well-
known that its successful deployment will depend upon technologies that have
not yet been developed. Likewise, commercial projects such as the Alaskan
pipeline (Patz 1981) and Kodak's SX-70 camera (Steiner and Miner 1977) have
begun under the same conditions.

But, the purpose of the above argument is to suggest that human factors
are and will be more important than technical ones. A wider distribution of
independence and decision making power is the key. It allows more people to
participate in strategic decision making; thus, it allows these same people
to bend the process to their own interests. It is again ironic that another
outcome of decreased information costs is a simultaneous increase in the
probability of individual freedom and organizational chaos.

The net result, of course, is that strategic outcomes cannot be very
well defined in advance, and the ability to predict them is severly attenu-
ated. In fact, prediction becomes far less important than maintaining a co-
alition and pursuing some sort of flexible strategy.

In traditional terms, a flexible strategy is one based upon the antici-
pation of change. In periods of great technological change, however, fortu-
itous or accidental futures reinforce and amplify change, and planning becomes
a real time issue. Real time planning, in short, will be concerned with mar-
ket dynamics of at least shorter durations than in the recent past and pos-
sibly with wider fluctuations.

Taking multiproduct firms as an-example of such dynamics, market share
battles will take less time but occur more often as industry product-market
structures undergo continuous rather than discrete changes. Product life
cycles will diminish as the rate of technological (product and process) in-
novations increases. And there may be some increase in mergers and acquisi-
tions that attempt to reduce risks through integration and diversification.

Again, the microcomputer industry is a leading example of these phenom-
ena, but other industries are demonstrating the same characteristics. Banking
has already been mentioned; and others include the machine tooi, photographic
equipment, office equipment, and aerospace industries—to name a few. Even
the US automobile industry is beginning to reassert itself and cause a few
dynamics in at least its domestic markets.

CONCLUSIONS

Of course, more turbulent market dynamics pose another human dilemma in
the information society. People may tolerate high levels of uncertainty for
a long time, especially in these beginning and novel stages of the revolution.
However, as the years pass and the novelty begins to wear, it is not unreason-
able to assume that general human tolerance levels for such conditions will
diminish. Humans do search for certainty and definition in their lives
(Secord and Backman 1974), and there is no reason to suppose that an informa-
tion society will profoundly affect basic human motivations.

The new so—called "cottage-industries" that have developed, especially
around software design, are a case in point. The archetypical scene is one
of several individuals working alone in front of their CRT's, communicating
with each other via their modems only when absolutely necessary. There may
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be an occasional group meeting for coordination or sales purposes, but most
of the time people work in their homes.

This sort of existence may suffice for some people and, in fact, it does.
Most people, however, develop and validate their self-images and world views
through interactions with other people on a regular basis (Mead 1934). These
interaction regularities govern not only our thoughts, feelings, and percep-
tions, but they also teach us how to anticipate other people and respond to
their actions. It seems highly unlikely that a fairly isolated existence in
front of a CRT will become very much of a substitute for regular human ex-
change.

Likewise, large performance/reward imbalances within an organization
usually become known when information is exchanged as part of normal human
interactions. This phenomenon is not new; it is as old as human existence.
What probably will be new is that people will tolerate only narrower and nar-
rower income distributions, thus, more and more identical consumption possi-
bilities. The reason, in short, is the uncoupling of productivity and con-
sumption made possible in an information society. If individual contributions
to productivity aredifficult to trace, why.should consumption patterns have
a large variance?

In other words, market thus organizational turbulence and reward inequi-
ties will become matters of even greater concern for general managers in an
information society than they are in an industrial society. Evidence for this
statement already exists and is reported regularly in business newspapers and
magazines. That is, chief executives and other top managers regularly report
that they spend more than half of their time on government, labor and public
relations problems. In fact, one recent article suggests that public rela-
tions experts will be tomorrow's chief executives (Cannon 1983). Clearly,
someone else will have to attend to the technical and financial details of
business.

Indeed—as the preceding discussion of anticipation risks, power trans-
fers, and independence/interdependence suggests—managing innovation on the
general management level will be concerned to a large extent with the main-
tenance of viable coalitions. A wider range of self-determination and for-
tuitous business risks appear to be focusing general management attention in
that direction. In fact, the final irony of the information society may be
that general managers will "run-the-organization" and someone else will "'run-
the business." Only a few years ago, one of the main reasons for buying a
computer was to help general managers run the business.
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THE FUTURE GENERATION—A GENERATION OF INNOVATORS

Evka Razvigorova
Institute of Social Management, Sofia, Bulgaria

Modern society depends very strongly on science and technology and, in
the future, these two main factors will become more determining. The growth
of science and techmology to satisfy the growing and emerging needs of soci=-
ety is the main objective of modern production in all areas. Therefore,
innovations, both in industry and in all other areas, are vital and inherent
for modern society. Innovations change working conditions, educational en-
vironments, the way and conditions of life. The easier and more impercept-
ibly these changes are made and the less social contradictions they cause,
the easier it is to implement each innovation, and the easier and quicker it
is to pave the way for technical progress.

While in the 1950s and 1960s many industrial firms ignored the impor-
tance of the human factor in the management of innovation processes, today a
glance is much more frequently cast at the methods used for the effective
use of human potential in progress and productivity. But the fact that we
are here today to talk about the role of the human factor in innovation pro-
cesses makes our conviction deeper that, in these conditions, it is difficult
to find the labor force (potential) that is ready and capable to adapt to the
new requirements of technical progress*.

The motivation, the stimulus to creativity, to cooperation and readiness
to accept innovation, is one of the main tendencies in the modern management
of innovation processes. How do we solve this problem?

1. MICROCOMPUTERS - A BASIS OF INNOVATIONS IN THE 1980s

Since 1950 the computer has played an important role in the field of
technological development. Today, large computer systems, and small personal

*Dr. Thomas Moss, Human Factors in Innovation and Productivity, Task
Force Meeting, Leningrad, May 1982.
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computers are common in big organizations, for individuals and for special-
ists. Gradually, data processing, by means of highly efficient computers,
has turned into a need not only in industry but in the social sphere and in
everyday life, especially in education. It has been determined that micro-
computers, as a primary innovation, have entered electrical engineering and
electronics and have become a basis for the increase in productivity and ef-
fectiveness in all spheres of human activity. It has been predicted that,

so far, microcomputers have revealed only about 207 of their technological
possibilities and that in the following twenty years will reveal the remain-~
ing 807%7. The period from 1984 to 2000 is expected to be an epoch of impor-
tant main innovations in the field of microcomputers, and around the years
2000 to 2025 new inventions can be expected in the domain of energy sources¥.
At present, innovation activities require more interdisciplinary studies
which will result in workable innovations, satisfying the increasing needs

of people. The strategy now is to unify and promote the innovation activi-
ties of all key areas, including data processing, communications, etc. The
next "boom" in microcomputers will entail wide interdisciplinary studies and
will bring many secondary innovations in all fields of human activity, in-
cluding social activity. The next 20 years will be the years of the micro-
computer, but it will cause many changes in science and technology and in
study methods as well.

2. TRAINING OR EDUCATION

What are we doing today to prepare the personnel potential for the big
change of tomorrow? The serious changes in the technique and technology of
tomorrow will lead to important changes in everyday life, in the social
sphere and in education. This in turn will impact human relations in all
(small and big) other spheres -- the family, the team, society as a whole.
Are people ready to accept this technical revolution easily?

Today we develop, train and retrain employees to meet the requirements
of the organization, of their job, of life. First, we look for and evaluate
the conditions and requirements and then we organize training and retraining.
Very often it happens tomorrow. It delays the process of adoption of new
techniques and technology; and the tempo of learning new knowledge is lost
and at best it makes the man a party (if not a well-intended observer) of
technical progress and not an initiator of the new.

Today the idea of "'training for innovation"** is attractive and may be
the appropriate answer to some problems. But what we need tomorrow is not
"training for imnovation" but eventually "training and education for innova-
tion". We need a generation of innovators, who accept the technical revolu-
tion as their natural environment, and as a natural course of development.
Innovators, promoters, implementors -- these are the people needed by indus-
try. If a generation grows in a natural environment of technique and tech-
nology and more precisely of microcomputers and computers, it will continue
refering to its assistance and will try to develop this natural companion in
everyday life. This approach to the training and education of the younger
generation will create the possibility for eliminating the negative effects

*Cesare Marchetti, Society as a Learning System: Discovery, Invention
and Innovation Cycles Revisted; Technological Forecasting and Social Change,
18:267~282 (1980). .

*%Gottfried Wolf, Training for Innovative Activity, TIASA CP-82-00 (1982).
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of innovations, and of new informational techmology in particular. It will
also provide the possibility of avoiding undesired social traumas in communi-
cations as a result of the informational "boom" and the fast advent of the
computer in everyday life.

3. APPROACH TO PROBLEM SOLVING

Solving this problem is a difficult and complex task which can only be
solved by systems analysis. This set of tools is still not used for solving
the problem of the behavior or relation of children and the younger genera-
tion with the computer, or, on a wider basis, with the modern technical revo-
lution.

The problem, as already noted, is complex and covers nearly all spheres
of human activity: training, education, industry, science. Therefore, in-
terdisciplinary studies in this field will give faster and more important
results. The efforts of many specialists and wide international cooperation
are needed to achieve success in this complex, but very perspective field of
study. Maybe it is not incidential that we are approaching the International
Youth's Year, declared by the United Nations as 1985. Maybe on the eve of
1985 scientists and specialists will really face a problem, related to the
future generation and the whole development of society.

4. TIMPACT ON INDUSTRY

As already mentioned, the method of training and educating the future
generation with regard to technical progress is a complex issue which will
have an effect on all spheres of human activity. However we here are mainly
interested in the impact of these decisions on industry and their use for
managers.

A new approach to training and education or the creation of "training
and education for innovation'" will give industry the possibility of having
an "able and knowing" personnel potential; people who are not afraid to en-
counter unknown techniques that are complex and require new knowledge and
new skills. So there will be people who have accepted new techniques and
technology as a natural process in their everyday life; people who can work
with microcomputers, who have the microcomputer as a natural companion in
their environment and know that its perfection can be only of use both for
man and society. This personnel potential is a nmatural environment for new
ideas; as it produces an inner potential and drive for creativity and initi-
ative, and it does not need additional promotion, still less training and
retraining. The presence of such personnel will ease innovation processes in
the organization and will naturally lead to the solution of some new problems
with regard to cooperation in idea development, choice of the best idea, etc.

It can be maintained that innovation is born under pressure of a new
idea, but for this the personality needs some creative features, initiative
and creativity. The education of the young generation in this line will pro-
vide the possibility for each member of society and of the organization to
become an innovator.
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5. STATE OF THE PROBLEM

For the time being the problem regarding education and training of the
new generation in such a way that it will decrease the deformities arising
from the co-existence with computers, and which will make computers part of
man's natural environment so as not to cause psychic traumas and deformi-
ties, is considered and studied unilaterally by different sciences with dif-
ferent purposes. Such main problems as future computerization and changes
in the social mileu, the adaptation of young people to science and techno-
logical progress in general, and to microcomputers in particular, and the
use of the creative activity of the young people in the field of science and
technique, are left out of the scope of many studies.

The use of computers in education is studied, but it is mainly done to
ease the education process and to increase the volume of presented informa-
tion, it is done less to achieve social, universal or industrial oriented
goals,

The People's Republic of Bulgaria has a continued and lasting interest
in the problems of affording opportunities for the young generation to develop
as harmonious and creative personalities with great possibilities for manifes-
tation and deployment of their talents in science, technology and the arts.
Therefore, the problem is of considerable interest for us and we would wel-
come and support the formation of interdisciplinary and international groups
to study these problems. Seminars are being held in Bulgaria on the problems
of computer use in education, with children's meetings on technical and sci-
entific arts, and a regulated movement among the youth, i.e., ''technical and
scientific work of youth" is seriously developed. These types of activities
are developed on a larger scale and the People's Republic of Bulgaria will
hail all steps for the organization of research programs which will create
opportunities for accumulating new ideas, decisions, proposals and studies
in this field.
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ROLE STRUCTURES AND CREATIVE POTENTIAL OF WORKING TEAMS

V.N. Ryssina and G.N. Koroleva
All-Union Research Institute for Systems Studies,
Moscow, USSR

In the process of creation and introduction of any innovation--new
technology, process, product or service, etc.——there arise new, hitherto
unknown problems to be solved practically at all stages. At an early stage
these would be largely R&D problems. Later problems of an organizational
and managerial nature such as industrial engineering related to a product
(service) or assimilation of new technology (process), elimination of
organizational or psychological barriers to innovation introduction, and
the training of the user (customer) for consumption of a new product
(service), etc.

Each of the above-mentioned problems gives birth to completely new
tasks and requires innovative ideas and their verification and implementation.
The newer the problem, the greater should be the degree of creativity employed
for its solution. Those tasks related to the innovation introduction stage,
e.g., connected with restructuring the organizational system, may be similar
in their novelty and complexity to those arising at the birth of the innovation
(formulation of the first hypothesis and their logics) as far as the level of
the required creativity is concerned.

It follows from the above that one of the decisive factors for successful
innovation creation and introduction is the creative potential of the
individuals and teams called upon to solve the innovation related problems.
Nowadays, since labor has acquired a collective character, the creative
potential of teams working on new, non-trivial problems seems most important
for a shorter lead ‘time, and a higher effectiveness of innovation introduction.

In this connection one of the most promising ideas would be the
improvement of the socio-psychological structure of the teams engaged in
creative work. This idea is based on the "'program and role" approach to
the analysis of the research teams' activity
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Studies show that the activity of research teams is greatly dependent
on its role structure characteristics. The role structure of a team is the
totality of scientific roles and the relationships existing between them,
The role structure is formed in the process of various components of
research activity distributicn between individual members of the research
team. It is expressed in the stable specialization of its members in the
performance of specific homogeneous functions ({f they perform these
functions with intensity and sufficient regularity) and the intensity
characteristic for this role is above the average for the team as a whole.

It is obvious that the creative activity itself is the main determinant
of a role structure in a research team. Distribution of scientific roles
among the team's members is also influenced by a number of objective and
subjective factors. The former include primarily the necessity for division
of labor, differentiation of functions in any joint activity, and the team's
formal structure.

The subjective factors include:

a) 1level of special training of the team members (more creative roles
require, as a rule, a higher level of specialization);

b) the personal and psychologically distinctive features of team
members: mentality, temperament, character, inclinations;

c) interpersonal relations in a team; and
d) creative potential of the associates.
One can distinguish the following roles in a research team:

1. Leader-organizer. The person playing this role is oriented towards
the team's activity. He skillfully coordinates the efforts of the team
members, organizes activity to accomplish the assigned task, motivates
members to perform their functions, and provides for fruitful scientific
interaction. This role is usually played bv the formal head of the team
who thereby acquires the status of an informal leader.

2. Generator of ideas. The person who plays this role should be able
to grasp the problems better than others, constantly supply new ideas and
non~trivial solutions, find unsought-for analogies revealing the problem
from a new angle, etc.

3. C(ritie. This is an essential role for any successful creative
activity in science. The critic finds weak and strong points, formulates
the pros and cons of ideas, methods, approaches; doubts everything, and
urges the team to debate the existing or suggested solution.

4. Erudite. This role is characterized by broad scientific eruditionm.
The person playing it reads a lot, knows a lot, and willingly shares his
knowledge, and is always capable of giving scientific reference.

5. Performer. This person should have one main pre-requisite—the
ability and willingness to work under the guidance of others. The performer
in a team is largely engaged in executing activity: he can make experiments
as per assigned program very well, make calculations, the required documentation,
drawings, accounts (reports) and perform minor jobs assigned him by the leader.
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6. Practitioner. This role consists in establishing contacts with
process engineers, those engaged in the production process, the clients and
consumers. The practitioner is essential for the practical development stage
of research findings. He looks upon each issue with respect to its practical
effect and is capable of persuading people to see the usefulness of a new
development.

All the above roles are essential for an effective process in a research
team. The best number of roles in a team is a difficult question since one
can identify very subtle nuances of the role structure and thereby increase
the quantity of possible roles. In any case the number and assortment of
roles in a research team should correspond with the research activity structure
and completely provide for its entire process.

We have made an empirical study of role structures in research teams in
a series of research institutions in the field of engineering. Before
summarizing the study, let us point out the three basic variables used for
the study:

1. effectiveness of a research team's activity and its management;
2. the degree (level) of creativity of a research program; and
3. the role profile of the leader and team members.

Effectiveness of the research team's activity and its management. So
far there has been no single criteria for evaluating this variable. In our
study expert judgment served as a basis for performance evaluation. This
technique is sufficiently reliable to determine relative (if not absolute)
productivity of some or other research team. Directors of institutions, their
deputies for science, and heads of major scientific units (divisioms,
laboratories) acted as experts.

The degree (level) of creativity of a research program was determined by
expert judgment with respect to mnovelty, utility and originality of the
program,

The role profile of the leader and members of the research team was
determined by means of cross evaluations (ineluding self-evaluation) by the
leader of the team on:

1. actual performance (regularly, as a rule) of some or other
scientific functions;

2. quality of their performance (evaluation made by the leader and
members of the team).

In the course of the study the following stages or research activity
were identified: pre-program, problem selection and its solution, research
program elaboration, implementation, application (publication of results),
and acceptance of the results by the clients (users, industry, etc.).

The study has shown that in each step of the research program
implementation of certain scientific roles or their configurations were
identified as characteristic of that step only and essential for its
successful accomplishment.



-160-

At the pre-program stage the problem is not yet explicitly defined, only
broad problem areas are identified. The final objective of this stage is to
define feasible problems. Of primary importance here are the roles of
"gsenerator of ideas" and "erudite".

At the problem selection stage a dialogue from among a certain set of
problems occurs between the ‘'generator of ideas" and the "critic'". These
roles become dominant in the role structure of the research team. A
significant part is played here by the leader who often makes the final
problem formulation. Problem selection is an important component of
creative activity.

At the elaboration stage the heaviest burdens are shouldered by the
"organizer", ''generator of ideas" and "critic" as this stage requires not
only theoretical work in formulating hypotheses, searching for adequate
solutions, etc., but also job distribution among the team members.

The implementation stage is characterized in that the leader and
performer roles come to the foreground. The leader coordinates the efforts
of the team members and controls their performance.

At the application stage the leader, practitioner and performer roles
are the most important.

Analysis of the empirical material has revealed only minor discrepancies
in the role structures of research teams working on research programs that
require different creativity levels. .In teams with different research
programs the specific weight of each role is practically the same. The
only thing that is not the same is the representation of functions concentrated
in the role of "practitioner". Research problems that require teams with
a higher level of creativity are less oriented towards immediate practical
application of the results of their work.

Analyzing the quantitative indicators, one notices that they are
different in effective and non—effective teams. This difference is
characterized by two factors:

1. in effective teams a larger number of members have an active role
profile, i.e., at least in one role their performance is higher
than the standard;

2. the presence of a distinct leader in each role is more characteristic
for effective teams than for non-effective teams, i.e., there is a
more rigid role differentiation that leads to closer scientific
contacts, and a greater need for cooperation.

Of great significance is the composition of the role ensemble established
in a research team. Teams containing "generator of ideas'", "critic" and
"erudite" work most effectively, while teams composed just of "generators",
"eritics" or "erudites' are less effective and often fail to accomplish the
assigned task.

One of the powerful factors influencing the performance of research teams
is how the role is perceived by the leader. The better he perceives the roles
of the team members, the more effectively the research team he heads works.
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Of no less importance for the intra-group effectiveness is the role
profile of the leader, i.e., the assortment of scientific roles he plays in
his own team. The leader as a rule plays the roles of "generator of ideas"
and "erudite'". This outlay is confirmed by the objective facts and the
opinions of the leaders themselves as to how the role functions are performed
by them. From our viewpoint, these roles are optimal for the leader of a
research team, as he should possess broad knowledge in his own and related
fields of science, ability to generate new ideas, find non-trivial approaches
to the problem resolution, etc.

We turn now to the role of "organizer”". The literature on the subject
always emphasizes that the leader of a research team should also perform
organizing functions but in reality the formal leader is not always the
organizer of the team's relevant activity aimed at the research program
implementation. It is remarkable that in nearly half the cases of our study
these functions are assumed by another member of the team. However, the
performance of the roles of "critic" and '"performer" by the leader have a
negative effect on the team's activity.

It should be pointed out that the role profile of the leader is influenced
by the role profiles of the team members, and vice versa. For instance, in
highly qualified research teams where the leader has no intellectual
superiority his excellence as ''generator of ideas" will be lower in comparison
with other members of the team.

The results of the study permit a number of interesting and constructive
conclusions concerning improvement of research team management through
selection of optimal role structures and effective utilization of the team's
potential.

Knowledge of the research team's role structures may be helpful to the
leader at a very early stage of the team's formation. In recruitment of
scientific personnel thc leader (after basic acquaintance with the work of
the candidates and personal interviews) may form a preliminary opinion of
the abilities of some or other person, decide what functions will be performed
by him, and whether he or she will fit into the team's role ensemble.

Shaping a research team, the leader should provide for a "generator of
ideas", "erudite" and "critic" who will make the team's core. The team that
does not possess people corresponding with the above roles cannot hope for
effective research activity.

It is assumed that the leader can actively influence shaping the role
structures in his team, not only by recruiting the appropriate brain but also
by developing the required qualities (abilities) in the team members. He can
do this by assigning them with ever more sophisticated functions, thereby
raising their professional level.

Regular evaluation of team members' performance of their roles will
considerably help the leader in the distribution of responsibilities,
formation of forces for some specific tasks and organization of scientific
discussions. Knowledge of role structure dynamics will contribute to a more
effective distribution of effort at various stages of research program
implementation.
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There is another conclusion that the leader must make after acquaintance
with the role structure theory: he himself should avoid assuming the roles
of "ecritic" or "performer" but find other people capable of performing these
functions.

All the above conclusions stem from the study mentioned earlier in this
paper.

Our next hypothesis consists in that the conclusions shaped in the
course of the study or research teams can be applied to teams engaged in
other types of creative activity. It is based on the understanding that
the level of creativity required for resolution of the problem depends on
its novelty and not on the character of the task (theoretical, technological,
organizational, etc.). Handling new problems that are not prone to trivial
approaches and techniques, there arises a need for new hypotheses, their
verification, critical examination and organization of effort toward their
solution. Consequently, there emerges a need for performance of the same
functions and application of the same abilities of people who participate
in the solution of these problems as in research teams. It is quite
natural to expect that as a result of interactions inside the group and
differentiation of labor there will appear distinct bearers of some or other
roles similar to those in a research team, as well as a certain role structure
whose nature will substantially influence the team's performance.

These conclusions may be applicable to teams engaged in all stages of
innovation processes to solve various tasks. It is confirmed by the above-
said independence of the role structure configuration from the creativity
level required by the tasks to be solved.

This hypothesis, undoubtedly, requires experimental testing.
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INNOVATION MANAGEMENT: THE ROLE OF CREATIVITY

John Langrish
Institute of Advanced Studies, Manchester Polytechnic,
Manchester, England

1. INTRODUCTION

Most technological change involves organizations; most new ideas come
from individuals or the interaction between two or three individuals. The
management of organizations is often concerned with preserving the present
rather than creating the future but creative individuals usually need access
to the resources of organizations in order to turn their ideas into reality.
There is often a problem—how to harness the creativity of individuals to
the resources of organizations.

One solution to this problem is for an individual to gain control of an
organization and there are many examples of technological change resulting
from the activities of a creative individual either owning or managing an
appropriate organization. The early history of the uses of electricity is
full of such people. Werner Siemens, for example, founded the firm Siemens
and Halske as a vehicle for his ideas on electromagnetic telegraphy.

This approach of replying on individual entrepreneurs is favored by be-
lievers in the virtue of free—market competition and is reflected in Government
action to encourage the setting up of small firms. Nonetheless, large organ-
izations do exist and are sometimes responsible for technological change.
Even Governmental organizations (normally thought of as bureaucracies) can
be responsible for technological change. Thus the revolutionary Republic of
France was responsible for installing the first semaphore-type telegraph fol-
lowed by the British Government and the Prussian State Government. Similarly,
the manufacture of synthetic rubber was the result of government action in
the USSR followed by Germany and then the United States (the British did not
bother because prior to 1941, they controlled the supply of natural rubber).

Organizations have to have a management system and one responsibility
of management is the management of innovation. This paper poses the question
of how can management make use of the creativity that resides in individuals.
The question is tackled in four parts. What is the nature of technological
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change? Can this process be managed? Where do creative individuals fit into
the process? Can individual creativity be '"managed"?

2. THE NATURE OF TECHNOLOGICAL CHANGE

Many observers of the phenomenon of technological change have suggested
that there are two different driving forces, the first being creativity which
produces new products to manufacture, new ways of producing old products (in-
cluding new ways of organizing production), new ways of storing, distributing
and financing products and also new ways of obtaining and transmitting informa-
tion about all of the above activities. The second driving force is contained
in the expression, '"mecessity is the mother of invention', which suggests that
when the need for a solution to a problem is great enough, even the most con-
servative of organizations will initiate change (the ultimate need being the
need to survive).

Various versions of this dichotomy exist. The Manchester study of Award-
wining innovations in the UK (Langrish, et al., 1972), suggested the terms
"discovery push" and ''nmeed pull" to describe the two forces and further sub-
divided discovery push into science push and technological push whilst need
was divided into customer need and management need to demonstrate that "need"
1s a wider phenomenon than the concept of market demand.

In the USA, Utterback (1974) expressed the two forces as techmical oppor-
tunities and need with need being sub-divided into market need, mission need
(which in the USA means a stated government requirement) and production need
which is an internal need of an organization to improve its productive effic-
iency. Utterback lists eight different studies of technological innovation
and interprets their results as showing that between 667 and 907 of examples
of technological innovation arise from "needs".

The Sussex comparison of successful and failed attempts at technological
change in the UK (Science Policy Research Unit, 1972) seemed to support the
Utterback conclusion in that out of over 100 variables the one that most dis-
tinguished success from failure was attention to the needs of potential cus-
tomers.

The Manchester study mentioned above has been misquoted by several authors
as lending support to the view that '"need pull" predominates. What the study
actually said on this issue was three things: (i) very few of the 84 cases
fitted either the need pull or the discovery push models in that both forces
had to be present, (ii) if instead of looking at the overall process of tech-
nological change, one confined the question to what stimulated an Award win-
ning firm into taking action that led to technological change then need pull
predominates numerically, but, (iii) in the small number of cases involving a
large degree of technological change (such as the Hovercraft and the Pilking-
ton Float Glass Process), discovery push is more important.

Whilst assertions about need have to be treated with care, omne thing is
quite clear from the above studies namely that simple views of the process of
innovation as "discovery" followed by application, prototype production, etc.,
are not adequate to describe the complexities of the ways in which technologi-
cal change takes place.

This has important practical implications for the management of creativ-
ity. For example, it used to be believed that creative individuals like
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scientists should be left on their own to make discoveries which could then
be assessed to see if an "application" could be found. By the late 1960s
and early 1970s, policy makers both in industry and government were realiz-
ing that this approach was not working.

The American "Hindsight" study (Isenson, 1969), was prompted by politi-
cians asking why should the US Navy be spending money on theoretical research
by scientists in universities. The Navy's claim that advances in military
technology were "applications" of scientific advances were not supported by
the study which instead leant support to the view that technological advances
rested on other technological activities directed towards stated aims (the
study used "mission-oriented" to describe such activities which were found
to be numerically much more predominant than "curiosity-oriented" activites).

The above studies can be interpreted as saying that organizations often
seem to initiate change because there is a need for change. Such change,
however, often seems to depend on the presence of individuals who might be
called "creative' but not necessarily creative in the sense of technical or
scientific creativity.

As long as innovation is thought of as a process started by discovery
or invention, the person responsible for the discovery or invention will re-
ceive considerable acclaim. Thus in the UK most people believe that we have
penicillin because Flemming discovered it and we have TV because Baird inven-
ted it (in other countries the names may be different but it is still believed
that innovation is the end result of a processes started by a named individu-
al). A careful examination of the history of penicillin and TV shows that
the named individuals were NOT particularly crucial to subsequent events (the
"breakthrough" that led to penicillin being used was the concept of chemo- ,
therapy which was NOT developed by Flemming. Modern TV depends on cathode-
ray tubes; Baird's system was based on an older technology).

The displacement of the "discovery-push" model of innovation should in-
volve a displacement of the importance of the individual "discoverer". This
is not to say that individuals cease to be important. Rather, it means that
other kinds of creativity must be recognized.

I1f the most important step in the process of innovation is not "discovery"
but something else, say "x'", then the role of individual creativity in "x"
needs identifying. To do this we need a new model for innovation. Before
describing this new approach it is necessary to discuss further the claimthat
a certain kind of creativity has been over—emphasized as this goes against

many popular assumptions.

One reason for claiming that some attribute which might be called inven-
tiveness (in the sense of a propensity to produce technical inventions) 1is
not as important as previously thought is derivable from considerations of
the probability of improving something.

Patents are awarded to individuals who invent something having novelty,
a different way of doing something. However, different is not the same as
better. Given a hand of playing cards at Poker, a different hand can easily
be obtained but the better the original hand the less likely is a new hand
to offer an improvement,

Technology might have some similarities with card playing. In the very
early days, of say aeroplanes or steam locomotives (band hand), almost anything
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new would also be better but with a developed technology (good hand) such as
electrical power generation almost anything different would not be better.

This is why most patented inventions are never used and this is a reason
why the type of creativity associated with inventions may not be as crucial
as some other type of creativity. In the case of a well developed technology,
the most important creative activity could be associated with problem recog-
nition and definition, i.e., identifying where there is scope for improvement
rather than problem solving, i.e., inventing the improved technology.

Another reason for stressing the importance of problem recognition and
definition is again probabilistic in that there can be ten different techni-
cal possibilities for solving a problem. Only one needs to work but if the
problem definition is wrong no solution however technically brilliant will
result in an overall improvement. The Hovercraft, for example, can be seen
as a technically brilliant solution to the wrong problem. So can the Concorde
(which is a solution to the problem of how to make an aircraft fly faster in-
stead of solving the problems of cost and noise).

Any discussion of creativity and innovation must therefore extend beyond
the type of creativity associated with discovery and invention. To do this
we need a better frameowrk for discussing innovation.

3. TECHNOLOGICAL INNOVATION AS THE INTERACTION OF THREE SYSTEMS

It is suggested that the process of technological innovation can be
viewed as having necessary inputs from three systems. These are the technical
system which consists of existing and imagined hardware, the advantage system
which determines whether a new addition to the technical system is actually
better or not and the resource system which determines whether a particular
organization has the capability to develop a better technical concept.

This view of inputs from three systems can be seen as a statement that
the success of a technological change requires three necessary conditions to
be present:

1) A technical concept capable of being developed to the stage of
achieving:-

2) an advantage over alternative technical concepts; and
3) the capability of developing (1) to the stage of achieving (2).

The technical concept may be a brand-new idea or discovery, a new combination
of ideas (old and new) or an old concept not previously developed because of
lack of (2) or (3).

The advantage can take a variety of forms. The capability also has dif-
ferent aspects including money, skills or the availability of some particular
form of organization necessary to achieve the development of the technical
concept.

The three conditions can be illustrated by reference to examples in which
one of the conditions is missing. A cure for cancer is an example of condi-
tion (1) being missing. There is lots of advantage awaiting such a cure and
no shortage of money or skills for development. What is missing is the concept
of what to develop.
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It can be argued that the hovercraft is an example of condition (2) being
missing. Here we have a new techmnical concept, government money for develop-~
ment through NRDC, some very skilled design effort; and yet firms have gone
bankrupt attempting to manufacture Hovercraft (Johnson 1974). The problem
with the hovercraft is the absence of any real advantage over alternative ways
of traveling from A to B. The helicopter can also travel over land and water
and the hydrofoil is increasingly being used for short-distance water trans-—
port. The Concorde might also fit into this category of having no advantage.
Examples of the third condition being absent are frequent in developing coun-
tries, where technical concepts may be prevented from providing an advantage
through lack of money and technical skills.

The three conditions have to co-exist in the same place and time. For
example, when the US army was in Vietnam, many soldiers contracted malaria
and several pharmaceutical firms started programs aimed at the development of
new improved antimalarial compounds. Although some potentially important dis-—
coveries were made, the American withdrawal from Vietnam led to the dropping
of development work on antimalarials. So we now have the situation where con-
ditions (3) and possibly (1) exist in one place and condition (2) somewhere
else. This is not to say that the pharmaceutical firms are deliberately with-
holding some new wonder drug from those parts of the world where malaria is
common. It means that the pharmaceutical firms do not see any net advantage
to themselves in spending a lot of money on testing new compounds in the hope
of finding a better drug which even if it existed would not produce enough
financial return to pay for the development costs.

This situation also illustrates the point that whether a new technical
concept possesses an advantage or not is usually a matter of speculation un-
til it has been tested. Finding out if an advantage exists or not can be very
expensive so it is necessary to state that innovation is attempted when there
exists a ''perceived net advantage'" to be gained from the use of a "capability"
in developing a "technical concept" that is considered capable of development
to the stage of obtaining the advantage.

If the attempt fails, it could be that the perception of the advantage
was incorrect, the technical concept was in fact not capable of development
to the advantage stage or the capability of carrying out the development did
not exist. (An example of the latter is the case of an electronics firm that
attempted to develop the concept of numerically-controlled machine tools to
the stage where it would make a profit from selling them. The attempt failed
because the firm lacked capability in the design of machine tools.)

The three systems which contributed the three necessary conditions are
not static but continually changing and interacting with each other and also
with other systems of society. For example, the technical system interacts
with an independent scientific system, the perceived advantage system with
political, economic and marketing systems and the resource system interacts
with financial and educational systems.

4. CAN INNOVATION BE MANAGED?

To what extent is a complex process involving the interaction of several
systems capable of being controlled? The concept of Technological Determinism
has been discussed elsewhere by this author (Langrish 1977) and it sometimes
seems that technological change can be viewed as a Darwinian struggle for sur-
vival. Most discussion is confined to two of the three systems mentioned
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above—the technical and the resource systems. However, the addition of an
advantage system makes clear one difference between biological evolution and
technical evolution that the "climate'" for competition can be controlled.

An example may help to illustrate the importance of control of the advan-
tage system. Synthetic rubber was first produced in a small factory in 1912
by a group of Manchester chemists who developed the so-called Buna rubber.
However, this development did not survive because it had no advantage over
natural rubber obtained from plantations. 1In particular, the price of the
synthetic material was about fifteen shillings per pound when the price of
the natural product, although fluctuating, remained below two shillings per
pound and the technical properties at that time were slightly inferior to
those of the natural product. There was no advantage therefore, to any com-
_ pany in developing synthetic rubber; nor was there any advantage to the
British nation. As the majority of the rubber plantations were owned by
Britain there was no national advantage to be gained from developing a rival
product.

The situation in Germany, however, was different. Under the Nazi govern-
ment of the late 1930s, it was realized that Germany at war would need con-
siderable supplies of rubber. There was therefore an advantage to be gained
from the development of synthetic rubber and the capability existed in the
German chemical industry. The main problem was solved by manipulating the
advantage system as perceived by private industry. The German government im-
posed an import tax on natural rubber so as to make it more expensive than
synthetic rubber, which then had an advantage in the eyes of German industri-
alists. It was not until the Japanese took over the natural rubber planta-
tions that the rest of the world saw an advantage in synthetic rubber. A
massive investment program, involving government-owned factories in the USA,
Canada and Russia was able to supply the wartime needs of the Allied nations.

This example illustrates the fact that in a conflict between national
interests and the interests (perceived advantages) of individual firms in a
private-enterprise system, there exist two alternative ways of govermment to
control the introduction of new technology. The first can be seen as direct
control of the capability system (e.g., government-owned factories) and the
second as manipulation of the advantage system (e.g., differential taxation).
As the first alternative is not very popular in some countries more attention
needs to be given to the possibilities of the second.

Control of the advantage system offers a possibility for nation states
to indulge in competition and also produce more beneficial effects from tech-
nology at the same time.

For example, the British Government is worried about the imports of
foreign cars. It does not wish to impose controls of a conventional nature
as it fears retaliation against our own exports. It could however use the
desire to obtain beneficial effects as a way of controling imports. It could
say, for example, that all cars sold in Britain must conform to some stan-
dard of safety where this standard involved some new British technology
which otherwise would have no competitive advantage. (It might even say that
in order to protect the quality of working life, all cars sold in Britain
must be manufactured under working conditions approved of by British unions.)

This technique is being used by the USA to restrict Concorde through
anti-noise regulations. A whole new vista of international technological
competition could emerge. Individual firms could see an advantage in devel-
oping "nice" technology if they thought that their govermment would bring in
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regulations insisting that new standards of '"niceness' were obligatory or at
least carried some tax advantage.

Because the present structure of the advantage system is economic, coun-
tries and firms are forced to become more efficient, which in the long run
means that people must be either subjected to greater stress or be unemployed.
The way out is to change the rules of the game in such a way that technology
capable of improving the quality of human life is given some advantage.

The above discussion illustrates that a fresh approach to thinking about
innovation can give a fresh insight into the types of creativity required. It
is possible for a person to be creative in thinking about the advantage sys-
tem. Under some circumstances, such creativity could be more important than
the creativity of invention.

5. THE ROLE OF CREATIVE INDIVIDUALS IN INNOVATION

Some of the evidence for claiming that creativity within the innovation
process is not just discovery and invention, comes from case studies of tech-
nological change which aimed to find out how things happen at the level of
the firm,

The Manchester study of innovation (Langrish et al., 1972) attempted to
identify factors which enabled firms to succeed. Partly to the surprise of
the authors of that study, the factor which occurred more frequently than any
other was what they called the '"top person phenomenon', the presence of an
outstanding person in a position of authority, a manager or director who made
a special contribution to the innovation. Considerable care was taken in
forming this conclusion; supporting evidence was looked for and the uncorrob-
orated testimony of the person concerned was not accepted as evidence for the
importance of a "top person'". The top person phenomenon was the most fre-
quently occurring factor in all of four technological subdivisions (the case
studies were divided into chemical, electrical, mechanical and craft) and was
also the most frequently occurring factor in the small sample involving large
degrees of change in techmology.

The roles performed by these top people were any one or any combination
of the following three:

1. The Technical Entrepreneur. A small number of the cases studied in-
volved an unusual individual of high techmnical creativity who had solved the
problem of the interaction between organizational structure and the creative
individual by creating his own organization as a vehicle for his technical
skills.

Thus, Sir James Martin combined the roles of Managing Director and Chief
Designer of Martin-Baker Aircraft. He worked from about 7.30 in the morning
until 20.30 at night during the week and until 16.30 on Saturdays. He per-
sonally approved each drawing and modification before it went to the produc-
tion department and was responsible for creating a firm employing about 2,000
people having started with two men and a boy. Similar, Martin Wood started
Oxford Instruments by making magnets in his own home. Such individuals un-
doubedly exist but are comparatively rare. Most of the cases involved top
people in the following two categories.
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2. The Problem Definer. Many of the firms in the study produced their
successful innovations because a senior person was in a position to define
new areas of activity for the company. Such activity often involves creative
insight into opportunities that can be taken or constraints that can be re-
moved. Thus Lazell of Beechams who was trained as an accountant was respon-
sible for directing Beechams research efforts towards semi-synthetic penicil-
lin. He did this as a result of studying American sales figures and buying
the best scientific advice that was available to work towards a commercially
identified market. The Beecham scientists working in a country house would
not have done this on their own. Nor would the marketing department have
known about semi-synthetic penicillins which did not then exist. In a func-
tionally organized firm, it seems to require someone at the top of the pyra-
mid to put together commercial and technical information in a creative manner.

3., The Resource Provider. The third role of the top person is to ensure
sufficient resources to guide an innovation through its development stage.
(This can, of course, be a recipe for disaster if the idea is a bad one.) A
certain type of creativity is involved in selecting which ideas to back and
in obtaining resources either from inside an organization or from other sour-
ces, such as Government.

The development of Procion Dyes by ICI illustrates this role. Procion
Dyes are an example of "discovery push” in that they were discovered by two
ICI employees Stephen and Ratee who were following their own ideas. However,
two Directors spotted the importance of the discovery and put the large re-
sources of ICI into development. In the words of one of the Directors, "the
two of us were able to ginger the whole development machinery into an unusual
activity". These three top roles can be interpreted in terms of the three
system view of innovation with each role being directed towards one of the
systems.

The study also identified other key individuals in the process of inno-
vation. Such individuals who were not top people were mainly of the techni-
cally creative kind. In terms of the breakdown between technologies, these
other individuals occurred most frequently in the electrical area. Several
of the technically creative people whose presence was vital to the success
of an innovation were not university graduates but older people, educated at
evening classes. Ransom of Short Brothers, for example, had no formal en-
gineering qualifications but as design draughtsman contributed no less than
eight out of 18 patents taken out on the Seacat missile system.

It is possible for people outside the technical area to play an impor-
tant role in innovation. Staff of a marketing department, for example, may
spot some change in the advantage system which offered scope for technical
change. However, in the 84 case studies, we found only one example of a
sales employee making a successful suggestion to a research department with-
out the intervention of a top person. This probably says more about the
nature of hierarchical organizations than about individuals.

6. CAN INDIVIDUAL CREATIVITY BE MANAGED?

This question is usually posed in terms of providing suitable environ-
ment and incentives to encourage individual creativity where creativity is
seen as technical creativity. However, this paper has attempted to show that
such a view of the question is inadequate,
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The creativity of management itself needs to be recognized. The Swedish
engineer, Dr. Erik Haeffner, who as a Vice President of the Swedish Inventors
Association might be thought to favor the old view, has stressed the importance
of creative management. He claims:

A1l evidence points to the decision-making process itself being
a creative function. The person concerned must have knowledge
and experience, partly the same ingredients that are needed for
the creation of an idea, in order to make the correct decision
and to dare invest in a new product. It is therefore important,
if innovation activity is to produce a return, that great atten-
tion should be paid to creative ability when selecting leaders
for development work, and that creativity should be regarded as
a desirable qualification" (Haeffner 1972).

Even if we can find creative managers who will interact with the advantage
system, define problems, etc., large organizations require organizational
structures capable of encouraging all types of creativity.

The first step towards better organizational structures is the realiza-
tion that in some circumstances, groups can be more creative than individuals.
Much creativity consists of a new combination of existing ideas. Where the
existing ideas are present in different people, it requires some kind of in-
teraction to produce the combination.

In the area of technical creativity, it has long been recognized that
the lone inventor or discoverer can be bettered by teams of people. The Ger-
man Dyestuffs Industry in the last century was the first to employ a team of
scientists in their search for new and better dyes and there are many exam—
ples of discoveries being made as a result of interactions within a team
environment.

Can the team approach be used in other areas of creativity? The role of
the "top person" as problem definer as discussed above can certainly be made
the task of a team. Several organizations have benefitted from a '"think tank"
Oor a new ventures group where interdisciplinary teams are given the task of
thinking about the future.

Such groups should not be confused with coordinating committees where
people are concerned with protecting their own power structures and status
quo rather than creativity. Creative groups normally involve people outside
the power system of large organizations.,

Another way of encouraging creativity is to free people from concern with
daily problems through a revision of existing functional boundaries. Many
organizations are structured into research, production, marketing, etc., in
ways which prevent creative thinking for the future.

It is possible however to structure an organization in terms of its time
span of concern. Production, sales and quality control are all concerned with
the present and could be structured together. New product research and design,
experimental manufacture and long term marketing are all concerned with the
future and could be given an organizational unity. Between these two extremes
there could be another group concerned with existing problems of manufacture,
quality, distribution, etc., but given the time to tackle such problems in a
creative manner, free from interfunctional disputes.
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Another function of the creative individual that is often lost in large
organizations is that of what might be called "resource reallocation". 1In
private enterprise societies it is possible for an individual to spot waste
resources and turn them into useful resources. The waste solvents of the
pharmaceutical industry, for example, are waste because pharmaceuticals re-
quire very pure solvents. Such solvents, however, are purchased by entre-
preneurs with small companies who turn them into raw materials for the paint
industry and other industries that do not require such pure solvents.

Could large organizations recruit creative "resource reallocators" with
the specific task of having a creative look at waste? Such an activity could
also lead to new products and processes.

It is hoped that this discussion has demonstrated that creativity in
innovation is much more than invention and that the management of innovation
is much more than creating incentives for invention. Management itself should
be a highly creative activity, that not only encourages new ideas but makes
sure that the right problems are selected.
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MANAGERIAL EFFECTIVENESS: IMPLEMENTATION OF A SEMINAR FOR THE
UPPER MANAGEMENT OF STEMENS AG

Dieter Hempel
Siemens AG,
Milnchen, FRG

SOME BASIC ASSUMPTIONS

This paper is based on the assumption that the success of any large
industrial organization depends to a very large extent on how its human
resources are utilized and that there are two basic approaches in mobilizing
these human resources. One is to try to influence people as individuals.
The other approach is to use systems as a means of steering the behavior of
people.

Budgeting would be an example of the systems' approach. Introducing
seminars on managerial effectiveness for upper management provides an
example of the people~oriented approach.

Within STEMENS AG we believe that generally speaking both aspects are
equally important. Of course it depends on a given situation whether one
puts more emphasis on the one or the other.

This is one of the reasons why we feel a manager should strengthen his
abilities to diagnose the rapidly changing situations correctly and to improve
his ability to act flexibly according to the different demands of various
situations.

So while reading this paper on the implementation of a seminar on
managerial effectiveness for upper management of SIEMENS AG one should
keep in mind that it is just one measure within a very complex set of
efforts to mobilize human resources.

SIEMENS AG: SOME KEY FIGURES

SIEMENS is one of the world's leading companies in the electrical and
electronics industry; in terms of sales in this sector it ranks among the
five largest in the world. The broad spectrum of products, focusing on
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power engineering and communications, extends from the electric motor to
the power plant, from the telephone to the large computer, and from
electronic components to X-ray departments. The intensive research and
development work draws primarily on the innovative potential of electronics.
Products and systems based on electronic technology account for almost

50 percent of our sales. Through a world-wide sales and manufacturing
organization established in well over 100 countries we make more than half
of our sales outside the Federal Republic of Germany.

In September 30, 1982 SIEMENS employed a total of 324,000 people
throughout the world; of this number roughly one-third were working abroad.
The work force includes scientists, engineers and technicians, as well as
commercial staff, professional workers, skilled and semiskilled labor
trainees, and temporary student labor.

Its size and variety of projects enable the company to offer its
employees job opportunities suited to different talents and capabilities.
Size and variety of job demands also create considerable challenges to
management and call for a personnel policy and organizational structure
which allow for extensive delegation and a good match of responsibility
and authority.

SIFMENS AG: OFF-THE-JOB TRAINING PROGRAM FOR MANAGERS

In order to help managers to cope with problems deriving from these
challenges SIEMENS has established varieus measures for management
development which include both on- and off-the-job training.

The off-the~job program starts with a set of three seminars which
build upon each other.

Starting with first-line managers (not foremen for whom there is a
separate program), each seminar draws participants from different rank
levels. Roughly speaking the aims of these seminars are:

- to acquaint participants with company goals;

- to make responsibilities, aims, and problems of both groups and
central divisions transparent; and

- to develop an understanding for each other's problems through
personal contact among participants and top level managers.

Following these seminars, which all managers should attend during their
career development, there is a set of problem-oriented seminars which are
more or less optional and which draw their participants mainly from upper-
and top~level management. Contents of these seminars are general management,
political issues, problem-solving-techniques and languages. This is where
the Managerial Effectiveness Seminar fits in.

THE 3-D MANAGERIAL FFFECTIVENESS SEMINAR

For better undeystanding of the implementation process a short
description of the seminar itself may be of some help.
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It has been developed by Professor W.J, Reddin and forms an integral
part of his organization development programs. Its functions within these
programs is to start the unfreezing process. He describes the seminar as
follows:

What is Managerial Effectiveness?

Managerial effectiveness is 'the extent to which a manager achieves
the output requirements of his position". This concept of effectiveness
is the central issue in management. It is realistic and unambiguous—
concerned with output rather than input, with what a manager achieves,
rather than does. Managerial effectiveness is measurable in output terms.
The 3-D Managerial Effectiveness Seminar teaches the manager how to do this.

The 3-D Learning Process

The 3-D Managerial Effectiveness Seminar is a residential learning
experience. Hours are long. About eighty percent of the learning takes
place in teams of from five to eight managers—which corresponds roughly
te the span of control.

The 3-D Managerial Effectiveness Seminar confronts the teams with a
wide variety of problems generally related to methods of achieving
effectiveness through an accurate recognition of the reality of a situation,
and the best approach to managing it. The seminar begins at 5.30 p.m. on
Sunday, and ends at 12.30 p.m. on the sixth day, Friday.

Prework

Each participant'receives;aparticipant kit before coming to the seminar.
This consists of three texts, wall charts and a2 Seminar Workbook. The basic
text is Managerial Effectiveness. This explains the 3-D Theory and shows
how it is applied to improve effectiveness. Effective Situational Diagnosis
is a self-instruction book which teaches the manager how to diagnose
situations accurately—so that he may make more effective decisions.
Effectiveness Areas shows the manager how to describe his job in effectiveness
terms. Well defined "effectiveness areas" are a prerequisite to setting
accurate objectives. The Seminar Worksbook contains questionnaires, style
tests, effectiveness inventories, seminar tasks, case studies, team diagnosis
instruments and other learning aids. .

Depending on the participants' prior knowledge and individual capacity

and dedication, seminar prework generally takes from fifteen to twenty-five
hours to complete.

Day 1 and 2--Concept Mastery

Participants work in teams to deepen their understanding of the basic
concepts relating to effectiveness, objectives, situation management and
managerial behavior. Teamwork skills are also learned during this period,
and regular reviews of individual and team effectiveness are carried out.
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Day 3-~Case Study Application

Effectiveness concepts are applied to written case studies, so their
practical application is demonstrated and learned. This day transfers
theoretical learning into practical application. Team building skills are
also practiced and reviewed.

Day 4, 5 and 6—Application to Self

The entire second half of the 3-D Managerial Effectiveness Seminar
applies effectiveness concepts to the participant's actual work situation.
Day 4 is spent on effectiveness, day 5 on managerial behavior, and day 6 on
situation management. The last three days demand a high degree of involvement
from all participants.

Post Seminar—On-the-Job Application

The manager uses the conceptual and printed tools the 3-D Managerial
Effectiveness Seminar has provided. He may use them to redefine his position
in output terms, to work with subordinates, coworkers and his superior on
objectives, to change his less-effective behavior, or he may decide to
change his work situation.

THE PROCESS OF IMPLEMENTATION

It is difficult to answer the question as to how the process got started.
There were many discussions in seminars, during projects of organizational
change, both formal and informal which finally led to an overall consensus
that we would need some kind of training in leadership behavior for upper
management. So the next question was, what should this seminar look like
and how could we get the commitment of the Managing Board.

One first step in solving these problems was to make the topic of
"Leadership Style and Effectiveness" part of a "Workshop" or "Information
Forum" for upper management., This information forum was set up to discuss
problems the company would have to cope with in the future. The method
used was mainly group discussions and poster sessionms.

One outcome of these discussions was that, as seen by upper managers
themselves, there was a need for more training in leadership. As a further
step the Central Personnel Department was commissioned to conduct some
research into what the needs for training were in some more detail.

From the results of this research we developed the basic criteria for
the design of the seminar. Some of these criteria were as follows:

- the seminar should go hand in hand with the principle of delegating
and matching responsibility and authority;

- it should help the individual manager to analyze his situation by
himself;

-~ it should not sell some kind of ideology but rather help towards
more clarity in setting objectives and measuring results;
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- it should help towards better cooperation within teams and between
teams;

-~ it should help to develop human resources; and
- 1t should match with international standards.

It would have been quite a challenge for the speclalists of Central
Personnel Department to develop such a seminar themselves. But for reasons
which need not be explained te the practician they decided to answer the
question “make or buy?" in favor of 'buy”.

After seme '"market research" we came to the conclusion that we should
take a closer look at the 3-D Managerial Effectiveness Seminar. We sent a
group of managers from different functions, e.g., production, research and
development, sales, administration and personnel to an open seminar in
England.

These managers reported to the respective committee of the Managing
Board and it was decided to have two seminars in company and ask the
participants for further evaluatien,

According to this decision we asked Reddin Associates to conduct these
two seminars with their staff in English at our management institute in
Germany, Evaluation of the seminar by the participants at the end is part
of the seminar design and it turned out to be very positive. In addition
to each seminar we had a follow-up meeting half a year later. The evaluation
of the seminar at that point showed an even more positive attitude toward
it and there was quite an amount of evidence that the participants had
started working with some of the seminar concepts in their own area of
responsibility,

This finally led to the decision of the Managing Board to continue with
these seminars, to have our own staff trained as trainers and to cooperate
on the translation of the materials into German.

RESULTS AND FURTHER DEVELOPMENTS

It took us, as a company, about 2% years to decide on the implementation
of these seminars. It took us 5 years to have some 750 upper managers as
participants, We introduced the follow-up meetings as a part of the seminars
because the participants wanted to share their experiences in transferring
what they had learned at the seminar into practice.

The process of implementation is still going on. At this moment one can
say that the seminar has been broadly accepted as a means of individual
development. There is quite an amount of transfer as far as the personal
area of responsibility of the individual participant is concerned. There
are difficulties in communicating some good ideas where participants meet
partners who haven't been to the seminar, and thus there is still some
hesitation as to how some of the seminar concepts are in harmony with
company regulations and cultural environment. But the decision to continue
has been taken, and to make participation mandatory for managers who are to
be promoted to certain functions and levels of hierarchy. We finally hope
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that more and more participants will send their own subordinates to the
seminar and then start working to design the organization of their own
unit in a more effective way.

Maybe we could have been more effective outselves in managing this
implementation process. But there is one thing we have learnt: It takes
time and needs a continuous effort to spread new ideas in a large
organization.
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MOTIVATIONAL FACTORS IN A PRODUCT DEVELOPMENT PROJECT

Hans E. Andersin
Valmet Corporation,
Helsinki, Finland

INTRODUCTION

Motivation is one of the most important aspects of the everyday practice
of management and one of the central themes for much of the literature and
research in the field of management psychology. A well founded gross theory
of motivation has been established in the form of the Maslow hierarchy of
needs, but the fine structure within the different need levels still lacks
generality.

This study is confined to motivation within the highest need level, i.e.,
the need for self-actualization. It is in the form of a case study of a
specific product development project concerning a complex process automation
system which was successfully developed by a group of highly motivated people.
Being a case study the findings cannot be generalized, although in the
experience of the author many of the findings are consistent with those in
similar projects. The final conclusions are presented as a list of statements.

A somewhat similar case study describing a highly motivated project
aiming at developing a new computer has been published by Tracy Kidder (1981),

In the present study a series of unstructured informal interviews were
conducted with seven persons representing various tasks within the project.
Although the total number of persons participating in the project during the
period of observation (1978 - 1980) was 36, the interviews gave such a
consistent picture of the motivational aspects that they can with reasonable
assurance be regarded as representing the entire group.

The author of this paper was not directly involved in the development
project although he followed it closely from his position at headquarters.

In this paper we shall first present the result of the project--the
DAMATIC process automation system—-and the project organization. This will
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be followed by a narrative account of the interviews. The conclusion takes
the form of a list of statements reflecting the motivational factors and a
discussion of the general validity of the findings.

THE DAMATIC PROCESS AUTOMATION SYSTEM

In the mid-1970s the Valmet Instrument Works lost a number of prestige
orders to Honeywell, who had recently put on the market an entirely new
digital process control system intended to replace conventional pheumatic
and electronic analog process control systems. To stop this undesirable
course of events the Instrument Works decided to develop a similar system.

The system, called DAMATIC, turned out to be much more than merely a
copy of the Honeywell system. DAMATIC, a distributed communications—oriented
microprocessor-based automation system, incorporates a large number of
innovations which were not present in any competitive system, for example:

- Integration of both continuous and logic control functions in one
single system. Even today there are still only a couple of
successful installations of competitive systems of this kind.

- Extremely high systems reliability. Approval given by such rigorous
testing institutions as the International Instruments Users
Association WIB, and Det Norske Veritas.

- Open-ended and flexible systems architecture and communications
structure permitting unprecedented application orientation and
adaptation to each customer's special needs.

- A high level problem oriented programming language that can be used
by process instrumentation engineers with no computer background.

The success of the system has been demonstrated by the fact that to date
about 200 DAMATIC systems have been sold all over the world without any
instances of customer dissatisfaction. This is an impressive record taking
into account the size of the Instrument Works, which is only about one tenth
that of its largest competitors. The cost of the smallest installation sold
to date is about US$ 30,000 and the largest about US$ 6 million.

DAMATIC is described in more detail by Wahlstr8m et al (1983),

THE PROJECT
The project can be divided into the following parts:
~ A feasibility study and project planning carried out by the Technical
Research Centre of Finland with Instrument Works' participation during

part of 1976 - 1977.

- Development of specifications by the Instrument Works and the
Technical Research Centre starting in early 1978.

- The development of the hardware by the Instrument Works starting
mid-1978.
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— The development of the system software by the Instrument Works with
the Technical Research Centre and others as subcontractors starting
in late 1978.

- The develcpment of the applications software by the Instrument Works
starting in late 1978.

- Delivery of the first DAMATIC in the summer and fall 1979. The
order for this system had been received one year earlier.

— Continued development after the first installations. This phase
was started in fall 1979 and is still going on. It is beyond the
scope of this paper.

The feasibility study was carried out independently by the Technical
Research Centre as the Instrument Works did not have enough knowledge of
digital systems at that time. This phase, too, is not covered by this
paper.

The hardware and both of the software projects were carried out under
Instrument Works' project management although some of the project personnel
were from the Technical Research Centre and other subcontractors. Most of
the Instrument Works" software personnel were newly employed from outside.
Throughout the project a customer advisory board consisting of key persons
in the Finnish process industry actively followed the progress of the
project, providing fresh ideas, encouragement and criticism.

When the first order had been received in summer 1978 customer key
personnel got very actively involved in directing the project according to
their special needs.

Much of the work was done outside the Instrument Works in separate
premises rented especially for this purpose; a small part was done at the
Instrument Works and at the Technical Research Centre. When the system
had been shipped to the first customer the project group moved to work at
the customer's premises for a time.

The total effort spent on the project between 1976 and 1980 is Valmet's
trade secret. Nevertheless, it is generally considered to be less than
that spent by large competitors on developing similar systems. Three
persons were initially employed on the project. At the peak 36 persons
were directly involved, of whom 16 were from the Technical Research Centre
and other subcontractors,

MOTIVATION ACCORDING TO THE PERSONS INTERVIEWED

All the interviewees agreed that motivation was exceptionally high
among participants up to and including the first installation. This high
level of motivation was demonstrated by the fact that the people on the
project worked literally day and night, sacrificing family and other
personal interests, and becoming emotionally involved in the outcome of
the project.

Various demotivating effects were experienced after the first customer
installation, These were mainly caused by sheer fatigue and by some
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antagonism between the software and the hardware groups. It was also
considered demotivating not to know “what to do next"; it was felt that
everything had already been made and delivered to the customer. This
period following the first installation phase is not covered by this study.

When asked what they thought was the foremost reason for their
exceptionally high motivation, most interviewees gave the uniqueness of the
the system to be developed. "We had the feeling we were making something
absolutely new and unprecedented in the history of process automation."

Interviewees qualified this statement by mentioning new technical
features not present in competitive systems. Others mentioned that the
advanced tectmology employed was new to them. "I was working with something
new that I knew was important for me to know about."

The fact that the success of the project was of vital importance to
the survival of the Instrument Works in competitive markets was a highly
motivating factor, especially to the executives involved. The Technical
Research Centre employees also mentioned the attraction of being confronted
for the first time with an important real-life problem of large proportioms.

The importance of the project was accentuated by top management support.
"When we asked for resources we got them." "Top management was interested
and showed it."

Next to the uniqueness and importance of the end product, people seemed
to appreciate the considerable freedom of action given to them. This ranged
from executives having the right to decide on product structure, the
technology to be used, and division of work and resources, to the people
building the system having the right to decide on technical details and
their own working times and habits. It was also stressed that the people
involved did not have any duties outside the project.

Top management style was described as soft (in a positive and motivating
way) and democratic., "The top man always listened to us before he made a
decision about matters of concern to us." "There was a complete absence of
competition among the team members.'

The high quality of the project personnel was mentioned in several
interviews, Most of them were wvery young, which was considered a positive
factor. "Young people have to make a career, and they have the necessary
stamina and endurance." Even if most of them were young and relatively
inexperienced, they included people with "the highest level of know-how
available in Finland." Such were some of the experts from the Technical
Research Centre and some of the employees of the Instrument Works who had
earlier taken part in developing ELMATIC 100, a successful electronic analog
control system, and a microprocessor-based x-ray generator (the first in the
world).

Most of the participants felt that working conditions were excellent
and had a positive influence on their motivation. They mentioned that they
enjoyed working in peace and isolation (the premises rented for the project
were some distance from the main plant). "We were not disturbed by visitors
and undue management attention." "The isolation created excellent team
spirit,"
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The positive factors included several referring to project management
and leadership. "Objectives were clear from the outset for all participants
on the project." Abundant resources and teop management support were also
mentioned as were good organization, division of work and responsibilities,
and flow of information. Such important factors as division of the system
into subsystems with a clear definition of the boundaries between the
subsystems seemed to have been well understood. Such leadership "gimmicks"
as kick—-off meetings, celebratiomns, informal get-togethers and sauna
evenings were abundantly used and greatly appreciated.

The software people were motivated by working with and having the
responsibility for all the different phases of developing the subsystem
assigned to them: defining the subsystem, planning its implementation, and
programming, testing, and doewmenting ft. They obviously preferred this
holistic approach to the usual assembly-line method of software work.

Without exception everybody agreed on the importance of working closely
together with the customers:

- The customer orders put tremendous, motivating pressure on the
project schedule in a positive sense. An expensive plant would
have been standing idle if DAMATTC had not been operational by
the first days of July 1979, Tt was emphasized that the pressure
came directly from the customer to the project members and not
along the wsual organizational channels which perhaps would have
been considered demotivating.

-~ The keen interest of customer personnel in the success of the
project was experienced as highly motivating, especially because
some of the principal innovations emanated from the first customer
to buy the system,

~ Working physically close to a customer, even in the customer's
plant, gives a feeling of working with something tangible and
important im contrast to academic work,

- The interest of the special customer advisory board in the
development work was alse seen as a positive factor.

One of the persons interviewed mentioned a rather curious factor which
may be true nevertheless: "We did not really know in advance what a
tremendous risk of failure there was in the project and how difficult and
complicated it really was. Had we known, our motivation might have been
lower and the results correspondingly less favorahle." Several of the
interviewees thought that "good luck" was an important success factor in
this project.

The project was a good demonstration of the applicability of some
theoretical concepts, e.g., the theory of reliability, and some advanced
computer science subjects, e.g., in communications and high level languages.
This was felt by the young and highly qualified group to be worthwhile
per se.

Some strictly personal factors were also mentioned. These included
the opportunity of doing as much paid overtime as one wanted.
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CONCLUSIONS

This section takes the. form of a set of motivators that the author
believes are. true as much for this project as for similar complex development
projects being implemented for the first time, using new technology. No
order of importance is given although some of the motivators received
wider support than others.

-~ WVorking on projects staffed with brilliant young people alongside
older, more experlenced people.

- Creating something that is believed by the team members to be new,
advanced, and unique. This applies to the methods used as well as
to the end result.

— Outside pressure in the form of a fixed delivery time or fear of
losing the market to competition especially when this pressure is
directed straight to the project group.

~ Working close to tangible problems and situations.

- Working on a well-managed project. '"Well-managed" means all the
usual qualities such as effective delegation of authority and
responsibility to a low organizational level, clearly understood
objectives, top management support and attention, and democratic
leadership.

— TFirst class resources, premises and other working conditions.

A glance at the above list suggests that it is almost trivial. The
only mildly surprising statement is the one indicating that "outside pressure"
is beneficial for motivation. Project members are usually shielded from such
pressure, which tend to be the concern of the management, The importance of
providing first-class working conditions is not surprising but is often
overlooked by management,
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TRAINING OF HUMAN RESOURCES FOR INNOVATION

O0ldrich Cervenka
Tectmical Director, CKD Praha, Prague, CSSR

One of the factors that more or less influences an innovation from the
origin of an idea to its realization is the human factor. In my brief pre-
sentation I would like to mention some of the methods and experiences con-
cerning training and development of human resources in innovation creation
and realization in the concern CKD Praha.

Staff education in the scientific, engineering, marketing, management
and production fields essentially concerns two major groups of people: the
staff already employed by the concern, and students of universities and secon-
dary schools and apprentices who have either been preparing themselves for
the work within the concern or who are interested in future employment in
the concern.

The main goal of education is to create prerequisites for the creative
management of changes occuring through scientific knowledge and aimed at the
rapid realization of these changes in the form of product or technology in-
novation. The ways leading to this goal consist in:

o increased specialization, facilitating learning, understanding and
employing new scientific knolwedge and thus being in a position to
adapt qualifications to prospective needs;

o developing the capability to manage, organize and cooperate in
teams as an inevitable precondition for solving new- tasks;

o developing the capability to tackle problems in a new creative
manner.

To ensure thse goals, CKD Praha employs partly its own forces and partly the
possibilities, following from long~term contracts concluded more than 10

years ago with

— the Charles University of Prague
— the Czech Technical University in Prague
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— The Czechoslovak Academy of Sciences
— the School of Economics in Prague.

CKD Praha's own forces are concentrated in the so-called "Works Insti-
tute'", the aim of which is to train and increase the qualifications of the
technical staff and workers of the concern. This is achieved by organizing:

o courses and seminars on special topics, e.g., computer technol-
ogy, automation of technological processes, realiability of
machines and quipment, rationalization, management, etc.;

o preparatory courses for study at secondary schools and univer-
sities;

o adaptation courses for new employees with secondary and univer-
sity education who, during the first year of employment go
through so-called entrance practice in accordance with the
concern's pre-set and quarterly evaluated program;

o re-qualification courses;
o courses for increasing the qualifications of workers.

Approximatrey 200 people, of which 907 are CKD employees, take part in ensur-
ing the special contents of these courses. All costs connected with the
training are covered by CKD.

In 1982, for example, more than 7,000 technicians and 12,000 workers took
part in courses and seminars for increasing qualifications. 1,310 employees
attended study courses, 273 of which were at university level, and 82 attended
special studies to achieve a higher academic degree -- "Candidate of Science'"*,
Employees attending courses and qualifying for university-level or higher
academic degrees receive certain exemptions from their work for study and
examinations with no loss of earnings.

On the basis of the experience of the CKD Works Institute, results from
these courses and seminars are better when there is a higher share of lec~
turers directly from CKD, and a necessary prerequisite is, of course, to use
the best CKD specialists for these lectures. This is usually very difficult
with respect to their busy timetables, etc., and, of course, in finding suit-
able substitutes for the times they are away from their work place. It is
difficult to convince managers that they are also an object as well as a sub-
ject of the training: they usually understand well why they have to further
educate themselves, but they usually consider that the education of others
should be the duty of specialised departments only.

From the viewpoint of utilizing external sources for the education of
CKD staff, i.e., cooperation with universities and the Czechoslovak Academy
of Sciences, I would like to mention several principles on which this long-
term cooperation is based. It is developed in:

o basic and applied research in the form of a mutual exchange of
results; cooperation of departments in solving and realizing
approved research tasks; mutual assistance in the field of

*Equivalent to Doctor of Technology (editor's note).
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measurement and instrument technology in selected experimental
work; and assistance in instrument and equipment production.

o] educating students, post—graduates and scientific personnel so
that organizations can mutually facilitate organizing education-
al stays of their employees in external departments.

0 creating joing research centers or laboratories.

o mutual utilization of specialists in the special and educational
bodies of both organizations.

General agreements on cooperation, as a rule for five-year periods, are
filled with concrete contracts between the individual faculties or research
departments of the Czechoslovak Academy of Sciences and the research and de-
velopment departments of individual CKD enterprises or the central CKD Re-
search Institute, which are then in direct working contact.

The experience of the last ten years has shown that in spite of the
large CKD scientific and research base, it would not be possible to solve
all the necessary and technically demanding tasks without this cooperation.
Moreover, the direct contact between the research and development staff of
CKD and the departments of basic research at the institutes of the Czecho-
slovak Academy of Sciences and universities enables CKD employees to further
increase their special qualification and to become acquainted with the la-
test research results. Also, the direct contact between these research de-
partments and production departments provides the opportunity for direct
confrontation of the achieved results with industry needs and opens the door
for their rapid realization.

This close cooperation with industry also facilitates solving tasks
which go far beyond their own possibilities with regard to investment, ma-
terial and personnel demands.

Last but not least, creating joint teams for solving concrete scientific
and technical tasks is, in our experience, one of the best ways to develop
the cooperation, organization and management skills of workers towards rapid
realization of innovation.

The institutes of the Czechoslovak Academy of Sciences and universities
enables CKD employees to attain higher academic degrees. On the other hand,
a number of leading specialists take part in teaching students in the form
of external professorships, assistant professorships and membership in exam-
ination boards, scientific councils, etc. Also the material assistance of
industry facilitates building specialized departments for educating students
aimed at prospective future needs. The faculty of electrical engineering at
the Czech Technical University in Prague, for example, established a special
center for the education of design engineers employing CAD in the department
of electrical machines, and a center for students specialized in designing
microelectronic parts, making full use of computer technology, was established
in the department of microelectronics.

Building these centers at the university enables students to become
acquainted with the chosen topics during their study and, through participa-
tion in solving actual tasks set by industry, become acquainted with the work
they will do in practice. This speeds up their adaptation and, in manufac-
turing plants, can also speed up the introduction of new technology, which is
sometimes met with a conservative attitude on the part of the staff.
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In 1982, for example, almost 100 tasks concerning CKD Praha innovations
were solved in cooperation with the Czech Technical University in Prague. 1In
the electrical engineering branches they concerned the further development of
power semi-conductor devices, automated management systems, drives fed from
semi-conductor converters, special measurement technology, use of opte-
electronics, automation of design engineering, automation of testing, etc.

The task of educating new CKD employees, who are graduates of technical,
economic, management or other schools, is undertaken by state vocational
schools and universities. The education of production workers is undertaken
by CKD in its so-called "Apprentice Training Center". Study at secondary vo-
cational schools lasts four years, and, depending on the branch, four or five
years at technical universities. Branches at the faculty of electrical en-~
gineering have five-year study periods.

The possibility also exists for part-time study (for employed persons)
which lasts six years. The main bulk of this part-time study consists of
studying the literature on one's own, with students attending consultations
10 to 15 times a year. At the end of each term they are put through practi-
cal exercises and sit for examinations. Altogether in 1983, 273 CKD employ-
ees attended the university level courses for employed persons.

Post-graduate work enables university graduates to widen thier knowledge
of the latest developments in a particular field. This is organized in the
form of external study and has an innovation, specialization or re-qualifica-
tion character. 1In 1983-1984, for example, the following courses were organ-
ized at the faculty of electrical engineering:

— computing methods of dynamic systems - innovation.

— automated management systems - re-qualification.

~— microprocessors and microcomputers = innovation.

— technology of hybrid integrated circuits - specialization.

— computer software - specialization.

— communication systems with program control - specializationm.

— increasing quality and reliability of electronic products -
specialization.

— economical utilization of energy in industry - innovation.

— microelectronics and opto-electronics - specialization.

— transmission technology - innovation.

Study at Czechoslovak schools, including medical care, is free of charge.
Any student whose parents' income per member of the family falls below a cer-
tain minimum is also awarded a state scholarship. Where good results are
achieved, another second type of scholarship is granted. Apart from these
two types of state scholarships, students can also be awarded scholarships
from enterprises or from the central bodies of state administration. Scholar-
ships from enterprises, in the amount of 30-357 of an average monthly wage
in the CSSR, are provided for five years to students who agree to work in a
given organization for five years after finishing their studies. In 1982,
CKD granted such scholarships to 194 students. On the whole CKD annualy en-
gages almost 200 university graduates and 300 graduates from secondary vo-
cational schools.

The long-term cooperation between CKD and universities, based on con-
tracts, the participation of CKD specialists in the education process at the
universities and in their management bodies, and the transition of a number
of leading CKD specialists into the roles of assistant professors, professors
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and deans has facilitated in formulating future industry requirements as far
as the education of new scientific workers and engineers is concerned, and
in realizing them in the form of introducing new study subjects, even whole
branches of study, and building laboratories and other facilities.

In 1982, for example, the School of Economics in Prague introduced a
new branch of study, i.e., "Scientific and Technical Information'" -- the
aim of which is to educate specialists in this particular field. Requalifi-
cation post-graduate study is also organized in this branch as well. For
the further education of the production category of employees, CKD has its
own so-called Apprentice Training Center, which annually accepts almost
1,500 pupils at the end of their basic nine-year school education. Here
study is organized in three-year cycles during which the apprentice acquires
basic theoretical and practical knowledge in a special training center. During
the last year they obtain the necessary production training directly in the
factory where they will later work. Select branches of electrical engineer-
ing training were introduced several years ago with respect to the develop-
ment of new electronic branches and new technologies (NC machines, automation,
etc.). Here an extended theoretical study and five-year period of apprentice-
ship training is necessary. Training is finished by taking school-leaving
exams . and. is of the same level as secondary vocational education.

The aim of these measures was to better prepare production workers for
the complicated tasks involved in electronic equipment production and its
application, and in making full use of NC technology in production techniques.
Existing experience shows that the theoretical part of the study is rather
good, there are, however, certain comments concerning the practical training,
Experience has shown that innovation processes are more demanding with regard
to management activity and its intensity and specialization. The dependence
of innovation results on the qualification of managers and workers in re-
search, development, production and marketing is obvious. Education is one
of the tools for developing organization and human resources management.
Therefore, we consider paying due attention to education goals as one of our
main tasks and we make every effort to ensure that education is not an aim
in itself, but rather a source and stimulator for the further development of
human resources.
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IMPLEMENTATION OF MARKETING DECISION SUPPORT SYSTEMS

Philippe Naert
European Institute for Advanced Studies in Management,
Brussels, Belgium

In the innovation literature one often distinguishes product innovation
from process innovation. The latter almost invariably deals with process
innovation in the production area, In this paper I will touch upon another
type of process innovation, namely with respect to management decision
making, through the use of decision support systems (hereafter DSS). My
examples will in fact relate to marketing problems, and I will therefore
more specifically discuss marketing decision support systems.

Many models are built, few are used is a "dictum” that has almost become
a common place in the Operations/Management Science literature. There has
been much concern with this state of affairs in the Management Science
profession, and over the last 15 years or so a very substantial effort was
made to remedy the situation. Partly as a result of that effort, labels
such as Decision Support Systems, Interactive Systems, Decision Calculus
Models and the like are also becoming household words. Although these
different labels may refer to somewhat different thimgs, they have in common
that they are blending data, statistical methods, mathematical models and
techniques and easily manipulable and interactive input—output devices.l
The system is typically intended to help management in monitoring, analyzing
and acting upon its enviromment. TFigure 1——based on Little (1979)~—shows a
graphical representation.

My main objective here will be to discuss a set of factors that
determine the likelihood of acceptance, and therefore of usage of such

DSS. Here we will primarily deal with the human aspects. We will also
use DSS and models interchangeably.

The likelihood of model acceptance depends on three main categories of
factors:2

1. Model-related factors.

2, Organization-related factors.
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Figure 1. Main components of a marketing decision support system.

3. Implementation strategy factors.

We will discuss each of these three categories in turmn.

MODEL RELATED FACTORS

Likelihood of implementation of decision support systems will in the
first place depend on the underlying models, and more in particular on
characteristics that relate to (i) model structure; (ii) parameterization;
(iii) validation; and (iv) cost-versus-benefit considerations. These factors
and subfactors are listed in Table 1. Most of these have been discussed at
length elsewhere.3) In this paper we will restrict ourselves to making some
comments on parameterization.

Parameterization of models is often a difficult task. In many cases
historical data are insufficient in quantity, quality or variability to
permit reliable estimation by, for example, econometric techniques. More
important, however, is the fact that even when such estimation is feasible,
the users of DSS typically resent it on the ground that the past cannot
serve as an adequate basis for future decision making in a changing and
dynamic enviromment. Marketing DSS therefore become much more acceptable
when a provision is made for supplying subjective inputs and subjective
estimation. The basic idea being that the manager's experience is used
for parameterization rather than the historical facts. Managers typically
favor this approach for two main reasons: (i) They believe that their
day—-to-day experience with the market envrionment gives them a much more
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Table 1. Model related factors.

Model Structure: Simple

o}

o Complete
o Adaptive
o Robust

Parameterization: o On the basis of objective data

o On the basis of experience

Validation: o "Face" validity
o Statistical validity
o Predictive validity

o Validity in use

Cost and Benefits: o Cost
o Direct benefits

o Indirect benefits

up~to—-date view of the different forces at work in the market place than do
historical data; (ii) It actively involves them in the development of the
DSS, and as such contributes to team building between developers and users
of the system, and to giving the user a feeling of control over the DSS.

A warning may be in order here. In some cases managers will exploit
subjective estimation to construct self-fulfilling prophecies. Let us
illustrate this with an example from a company that wanted to apply a DSS
to improve the process of allocating marketing resources to its different
product lines. One of the inputs into the system was the subjectively
measured responsiveness of the market to these resources (relative to
competitive effort) and to a change in quality of the product (relative to
quality of competing products). The curve labeled "first" in Figure 2
shows the estimated response curve for one of the product groups originally
provided by company management. In fact, it turned out that the company
wanted to abandon the product line. Given the initial response curves the
DSS indicated that the product group was profitable. Management therefore
re-estimated the response curves until in a third iteration (see curves
labeled "third" in Figure 2) the DSS was conform to their a priori thinking
since it indicated that any dollar invested in the marketing of this product
group would have a negative return.

We should add that the danger of misusing subjective estimation is much
smaller for recurrent decisions where people can be easily made accountable
for their judgments by later confrontation between estimates and reality.

In single decision situations asking people to carefully justify their
judgments may also reduce the danger.
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Figure 2a. Market share as a function of relative personal selling.
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Figure 2b. Market share as a function of relative value.

In any event, it is fair to say that the introduction of experience
based parameterization has been the single most important factor in improving
the degree of acceptance of DSS in marketing, and in reducing the resistance
to change associated with the introduction of a DSS.

ORGANIZATTON RELATED FACTORS

Decision support systems are developed in collaboration with, and used
by, people who work in organizations. The probability of model acceptance
will therefore not just be dependent on model related factors, but will also
be influenced by human components. We can study these at three levels: at
the personal level; at the level of the relation between model builder and
user; and at the level of the organization.

Personal Level

Different individuals have different capacities for processing information.
Some are capable of processing substantial amounts of very complex and intricate
information, whereas others already experience difficulties in trying to
integrate information at much lower levels of complexity. In other words—-and
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to use the terminology of Schroder, Driwver and Streufert (1967)--integrative
complexity wvaries across imdividuals. Or if we translate that in terms of
models: The optimal degree of model detail varies across users, As a
consequence it is desirable to build models in an interactive and modular
way. As such the user can through answering a series of questions in an
interactive mode, select the model complexity most suitable to him,

Interpersonal Level

A crucial factor in determining the implementation chances is the
interaction between model builder (MB) and model user (MU). Churchman and
Schainblatt (1965) have proposed a simple typology describing four basic
patterns of interaction between managers and researchers. If we substitute
manager by model user (MU) and researcher by model builder (MB) we obtain
the typology described in Table 2,

Table 2. Model builder (MB) - model user (MU) interface.

MB MB
understands does not understand
MU MU
MU understands MB Mutual . Communication
understanding
MU does not . .
r n Separate functions
understand MB Persuasio ep u

Roughly speaking the entries can bBe deseribed as follows:

Separate function. The function of MU and MB are seen as essentially
separate. It is a situation where little or no interaction takes place.

Communication. Here it is assumed that the MU does not need to have
deep insight into the problems facing the MB, It is then the MU who must
penetrate the way of thinking of the MB, such that he can more carefully
communicate his problem to the latter.

Persuasion. In this pattern, the MB must put sufficient effort into
getting a grasp of the problems and the way of thinking of the MU. The
underlying assumption is that the MU is too busy to familiarize himself with
the methodology and the jargon of the MB.

Mutual understanding. This cell combines the positive aspects of
communication and persuasion,
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It should be clear that this typology represents the extremes of a
continuum, and that refinements are possible. ) The simple representation,
however, suffices for our purpose. It is instructive to. examine what MBs
and MUs themselves consider the appropriate pattern of interaction. We
first refer to two American studies, one by Dyckman (1967) and another by
Duncan (1974). Some elements of the study are shown .in Table 3. Again we
use MBs and MUs rather than researchers and managers. The figures in the
table are to be interpreted as follows: In the Dyckman study, for example,
16 percent of the MBs agree that separate function is an appropriate pattern
of interaction. 1In the category of MUs 42 percent agree. The sum of each
column is larger than 100 because respondents may find more than one pattern
appropriate. This seems to have been very much the case in the Dyckman study.

Table 3. Appropriate pattern of interaction as seen by model builders (MB)
and model users (MU).

MBs Agree MUs Agree

Dyckman Duncan Dyckman Duncan

(1967) (1974) (1967) (1974)
Separate function .16 .03 .42 .01
Communication .56 .11 .64 .07
Persuasion .69 .37 .53 .35
Mutual understanding .62 . .77 .58 .83

From the Dyckman study we retain that MBs and MUs have substantially
different opinions, more in particular concerning the appropriateness of
"separate function'. This figure is especially high for MUs. '"Persuasion"
dominates '"communication" for MBs, and the reverse is true for MUs.

The results of the Duncan study, published seven years later, are
quite different from those obtained by Dyckman. Almost nobody agrees with
"separate function". '"Persuasion" dominates "communication" for both
categories of respondents, and "mutual understanding" is seen as appropriate
by almost 80 percent. On average MBs and MUs roughly share the same opinions.
Thus it appears that in the United States much has changed between 1967 and
1974,

It is therefore interesting to make a comparison with a study carried
out by Vandenbroucke in 1979. 1In Table 4 we have taken the average of the
results for MBs and MUs from Table 3. It is striking how close the findings
of Vandenbroucke correspond to those of Dyckman. It is an indication that in
Europe (or at least in Belgium) the development and use of management science
in practice runs 10 to 15 years behind the United States.

Returning to Table 3, we notice a trend towards ''mutual understanding",
with yet a strong position for "persuasion'. We should, however, also ask
ourselves the question as to whether "mutual understanding" is realistic or
realizable. Hammond (1974) has observed that managers and model builders
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Table 4. Comparison American and Belgian study.

MBs and MUs agree with

Dyckman Duncan Vandenbroucke

(1967) (1974) (1979

United States Belgium
Separate function ; .29 .02 .21
Communication .60 .09 .61
Persuasion .61 .36 .74
Mutual understanding . 60 .80 .64

differ from each other on many dimensions, such as, goal orientation, time
horizon, comparative expertise, style of interpersonal relations, problem
definition, desired degree of structuredness, etc. Without further exploring
these points, we can nevertheless conclude that the profiles of MBs will
strongly differ from these of MUs. In that sense "mutual understanding"
may to a certain extent be utopian. We cannot expect both MB and MU to be
specialists in marketing, and statistics, and mathematics, and econometrics,
and mathematical programming, and informatics, etc. It will be more
realistic to bring distinctive competences together and to develop systems
that make it easier on them to work together. Looking at modern DSSs we
observe that their users do not have to get training in the areas of
specialization of those who develop them. 1In that sense we can position
the evolution of the last 10 years near the category ''persuasion", on

the continuum "persuasion”, "mutual understanding."

Level of the Organization

There are many characteristics of the organization itself that should
have an influence on DSSs. I will single out one of them, namely hierarchical
structure.

Much of the earlier work on building models or decision support systems
did not explicitly take the existing organizational structure into account.
Yet if we want these systems to be used in practice, they must (at a minimum
in the early stages of development) accept the organizational structure as
given.

Secondly, many of the existing DSSs deal with partial aspects without
hierarchical linking of, and feedback between, the parts.

For example, there are DSSs for allocating marketing resources to
product groups or strategic business units (an aggregate problem); others
to allocate resources to products within a group (a more disaggregate
problem); still others to allocate a marketing budget to different marketing
instruments for a given product (a detailed problem). TUntil recently these
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various problems were treated by separate DSSs. Only now are DSSs being
developed that enable hierarchical linking and feedback through a sequence
of aggregations (see Figure 3). These systems borrow heavily from the work
on linking aggregate and detailed scheduling in production, and on
hierarchical approaches to solving large scale problems. The closer
correspondences of such integrated DSSs to existing hierarchical structures
in organization is a factor that again favors acceptance. For a detailed
application in marketing, see Naert, Gijsbrechts and Weverbergh (1983).

Allocation to

— product groups

(strategic business
units)

'

Allocation to
products within

—— a group

'

Allocation to
communication
instruments

Figure 3. Hierarchical linking of aggregate and detailed decisionms.

IMPLEMENTATION STRATEGY

The traditional approach to model building starts with the specification
of the relevant variables and the mathematical relation between them. This
is followed by estimation of the parameters, validation and implementation.,
These are steps that were already listed in Table 1 and therefore are model
related.

However, we also pointed out that decision support systems are not .
developed in a vacuum, but in organizations, and that we should therefore
take these organizations and their members into consideration. It then
follows that a process approach is to be preferred. 1In practice that boils
down to the fact that specification, estimation and validation are preceded
by a number of other steps. We will briefly describe them:

1. The model builder as change agent.

Introducing decision support systems is a form of organization
development, The model builder should therefore be considered
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as a-—in most cases external--change agent. As a result it is
worthwhile to exploit the findings from research on organization
development when studying the implementation of DSSs.

2. MB-MU interface.

To be effective the change agent must develop good contacts with
the users, and the change must come about through close cooperation.

3. Problem definition.

The change agent will take sufficient time to get a thorough
understanding of the problems for which his intervention is
requested. Only then should he start tackling them.

4. Model structure as a function of intended use.

A number of the model structure characteristics should depend on
what one intends to do with the model. A model may, for example,
be suitable for forecasting, but not for deriving normative
conclusions,

The desired degree of robustness therefore also depends on the
intended use. Models should not be more complicated than necessary
and useful.

5. Starting from existing procedures.

Models will be more easily accepted if one takes existing procedures
into account. There will indeed in most cases be good reasons for
using these procedures, Building from and on what currently exists,
rather than starting from scratch, should therefore be recommended.
For an example we refer to Naert, Gijsbrechts and Weverbergh (1983),
where a planning procedure is proposed for allocating marketing
resources to product groups and to products within each group. As

a basis they took the planning procedure currently applied by the
firm, and the new system was as much as possible translated in

terms of the old one. As such, the transition to the new system
was much easier to follow by product management, and one also
realized more quickly that the system results in a very substantial
improvement.

Evolutionary Model Building

Models should not be built in all their ramifications right from the
start, A typical scenario proceeds as follows: Managers and model builders
begin by defining the most important elements of the problem, and their
interrelationships. After a few meetings a first simple model is developed.
The managers are completely involved, and it is therefore more likely that
they will understand the model and be interested in its potential. On the
basis of experience-in-use, they will gradually add new elements and refine
others. The model therefore becomes more complex, but management nevertheless
maintains understanding, because the extensions were made on their demand.
It is through this process that the criterium "simple" and "complete' can
be reconciled.
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To maintain this evolutionary character, and yet be able to realize
economies of scale in model construction, we again plead for modularity.
In essence that implies that a model is built as a set of components or
submodels. The ultimate model that will be suitable for the user and
adapted to his experience then comes about by simple linking of a number
of these components and submodels.

User Friendliness

Models have a better probability of being used if they are easy to work
with, that is if they are made user friendly. 1In the first place that requires
easy communication with the model, i.e., one that is adapted to the work and
communication habits of the user. That is the reason for programming models
in an interactive mode.

It must also be possible for the user to intervene. In other words he
must, for example, be allowed to adjust some of the parameters. That will
particularly be the case when parameterization is data based. Parameters
estimated on the basis of historical data indeed measure a more or less
average effect. It should be possible to correct them on the basis of more
specific and up-to-date information of the management.

CONCLUSIONS

In conclusion we can say that success in implementing decision support
systems—-apart from the intrinsic qualities of the system——depends on the
ability to obtain strong personal involvement of the various affected parties,
team building, and efforts to overcome resistance to change. The relevant
human factors are therefore very closely related to those one finds in
implementing innovations in general.

FOOTNOTES

1) Little (1979, p. 11) defines a marketing decision support system as "a
coordinated collection of data, systems, tools and techniques with
supporting software and hardware by which an organization gathers and
interprets relevant information from business and environment and turns
it into a basis for marketing action".

2) This is roughly the same structure as used in Leeflang and Naert (1978).
The discussion here however emphasizes the human factors and also
contains new elements accumulated since the publication of that 1978
paper. See also Naert (1984) on which much of this paper is based.

3) For the model structure criteria see Little (1970) and Naert and Leeflang
(1978, Chapter 6). The other factors listed in Table 1 are treated at
various places in Naert and Leeflang (1978) and more in particular in
Chapters 3, 11, 12 and 1l4.

4) See, for example, De Brabander and EdstrBm (1979).
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PRACTICAL ASPECTS OF HUMAN FACTORS IN PRODUCT DEVELOPMENT

Matti Karttunen

Str8mberg Industrial Group, Research Center,
Kymmene—-Str¥mberg Corporation,

Finland

INTRODUCTION

This report deals with practical experiences obtained during actual
research and development work in the company Oy Str8mberg. The company
itself is presented in two earlier IIASA reports (Potila 1982 and Karttunen
1983). Many of the thoughts presented in this report were introduced
during discussions in the company’'s Research Centre, which mainly
concentrates on research and development work related to heavy electric
apparatus and transformers. The Management theories used in the R&D
work are presented in modern literature, one source being the Harvard
Business Review. 1In the conclusions based on observations of practical
work, some statements of a theoretical nature are also given.

Although reporting on actual cases gives reliable material, it should
be remembered that these refer to special circumstances. Under other
circumstances other factors may lead to different conclusions. For
example, the different size and history of an enterprise, different types
of products and the different social background of the people may produce
diverse results.

WHAT ARE HUMAN FACTORS?

Human factors may be divided into two classes, both of which are
equally important. The first class relates to personal characteristics
and human abilities such as creativity, determination, activity, intelligence,
and expert knowledge. Some of these characteristics may be improved by
training, some are of a basic nature and cannot be changed. One of the
problems of a manager is to choose those people among new personnel whose
basic characteristics are suitable and not to make his decision based only
on those characteristics which may be improved by training.
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The second important class of human factors relates to interpersonal
relations. The ability to cooperate and work in a team, and the ability
to inspire and lead others are some examples of this category. Motivation
also belongs more to this category than to the first one. Many organizational
problems also have a component which should be handled when speaking about
human factors. Some forms of organization prevent individual activity, some
encourage it. It is not possible therefore, to exclude organizational
problems when speaking about human factors.

A very important human factor of the second class is the behavior
of superiors towards people working in R&D. Even a bad organization may
work well if there is a leader with the right attitudes and behavior,
alternatively a good organization may totally fail in the opposite case.
Most of the human factors of the second class may be improved by training
and changing the organization. Sometimes the best solution can be found
by transferring a person to another position not belonging to R&D.

In the following, human factors are not treated separately according
to the above classification, but are handled together from different points
of view.

THE IMPORTANCE OF R&D RESULTS

It is an accepted fact in all industrial enterprises that one of the
most important principles for the life of the enterprise is an effective,
continuing development of products. 1In fact, this work is needed for
survival, not just for success. It is also stated many times today that
it is not R&D itself but the results, wheih are needed.

After the Second World War a belief often found in industry was that if
you give enough manpower, financial resources and a free hand to R&D, new
products would come out. Today, R&D departments are considered more like
other departments requiring exact plans and useful results during a
reasonable time. If there is no planning and control of work, especially
in big R&D departments, there is a danger of losing the objectives and
using the time in useless efforts, or for people to further their own
scientific career rather than to work for the best of the enterprise. Of
course, some freedom of choice should be left, the question is how to find
an optimum.

The basic human factors are that all R&D personnel realize the importance
of the development work results and accept the necessity of planning and
reasonable control. If both of these basic conditions are accepted, it is
easy to continue by training and developing the organization, and improving
the general premises for effective working. If, on the other hand, one of
those is not accepted, hardly any measure can help the R&D activity from
being ineffective.

DIFFERENT TYPES OF TASKS IN R&D

When discussing the human factor in innovation management it is necessary
to realize that there are many types of R&D and that in each type there are
many different kinds of jobs. R&D is not some kind of continuing innovation
process, not is it a process where all steps are carefully calculated and
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Planned beforehand. In fact, the big moments of great ideas are very
exceptional. When an idea is born the work which follows to realize it
is usually very hard and various difficulties and disappointments are
very common. Only a small amount of original ideas which seem to be very
promising at first, survive to the stage where they are also successful
on the market.

The development of a product as a whole can be divided in two phases:
the first phase is the starting period, and the second phase realization of
the idea. Usually the second phase requires much more time, money and work
than the first even if the first includes some preliminary tests in order
to see something about the possibilities of the new idea. Depending on the
product, both phases may require very different tasks and also people for
their realization. The following list gives some examples arranged in
pairs, and each pair gives two examples which are opposite to each other.

Pair 1.

- Keeping a good product able to compete on the market.

- Developing a completely new product using a new technology.
Pair 2,

- Developing a product starting from raw materials.

- A product composed of parts made by other manufacturers.
Pair 3.

- Developing a product which requires many experiments.

A product which can be designed completely on the drawingboard.

Different development methods are better for the various cases shown
on the list. The organization of the work may also be different as well
as the answers to various problems relating to human factors.

The following steps are needed in nearly all cases of the first phase
of development work:

a problem or a market need is observed;

- facts about the problem are gathered;

- dideas for solving the problem are sought;

- one or a few ideas are chosen for further evaluation;
- a final choice is presented for approval.

It is clear, that no one person could be optimal for all steps, and one
of the manager's main tasks is to find the best possible choice.
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REQUIREMENTS FOR R&D PERSONNEL

Research and product development includes many different tasks and
jobs, therefore different types of people are also required. 1In this
chapter, a survey of the different requirements needed is given without
going into details. Many of the requirements mentioned here relate not
only to single persons but also to the organization. It should be arranged
not as an obstacle, but to give possibilities and to encourage the right
actions.

In spite of the different tasks, it is seldom possible or even useful
to find a new person for every task in the chain of events included in the
development of a product. Normally the same person or persons compose a
group. that takes care of the whole process. Sometimes they may need help
from different kinds of technical experts, but in principle the overall
responsibility for the project is theirs. The requirements for managers
concentrate on the following points:

- decision to start development work;
- decision to stop the work;
- following the progress of the work.

A manager is not usually in a position to decide to start or stop development
work by himself. Large projects usually need to include more decision levels.
However, the R&D manager should be active and able to give wellwargumented
proposals concerning the decisions.

Following the progress of work means not only taking part in formal
meetings, where the progress is discussed and compared to timetables. It
is also necessary that the manager visits the people engaged in the actual
R&D work frequently enough in order to get a real picture of the situation.
Motivation of the personnel will also be improved when the superiors show
active interest in the work, '

Stopping a project because of bad results is one of the manager's
difficult jobs. Even if it is difficult, it is very important and bad
projects should be stopped as soon as the result becomes evident. On the
one hand, a manager requires courage and, on the other, good personal
behavior in order to win understanding for the decision and to keep the
people involved motivated for new jobs.

During the starting period of a project, the essential characteristics
for persons involved are the following:

~ the ability to understand clearly what the market need or the
problem is for which the product should be developed;

- the potential for high innovation and creativity;
- a good knowledge of technological and manufacturing possibilities;

- good connections to information sources about the changes of
technology;
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- the ability to present ome's own view and proposal clearly and
honestly.

In the fast changing field of technology special means are often
needed to speed up and promote the flow of knowledge from the outside
world to the company. Gatekeeper ability is often mentioned in the
literature, and these people are well-suited to follow progress and report
any new happenings to the right people. It is the duty of all people
involved to use their possibilities and follow progress, but some people
are more successful at this and they could be called gatekeepers,

The realization period starts after the first decisions are made and
some product ideas are chosen for development. It is in this period of
R&D that the major part of man hours, money and other resources are used.
Typical tasks in this phase are e.g,, designing prototypes, testing them,
evaluating results and making conclusions. Good characteristics for
people engaged in these kind of tasks are:

a good knowledge of the manufacturing possibilities;
- the ability to easily adapt to new methods;

- the ability to work together with people in other organizations
(i.e., production, marketing, testing);

- the ability to work to long-range plans and timetables;
- an honest, hard-working character;
- an independent, sometimes headstrong character.

A special difficulty in realizing new product<~ideas is the fact that
only a small percentage of new ideas are a success. Development work often
produces results which necessitates stopping the work. From the motivation
point of view such situations are very difficult but cannot be awvoided, and
this leads to a special requirement for R&D people:

~ that in spite of a failure work should go on with other subjects
effectively and motivated,

A good knowledge of manufacturing possibilities was mentioned in the
preceding list. In practical life this requirement can be fulfilled in a
good way, when product development is performed very near the manufacturing
place. When R&D people daily see the production,its changes and difficulties,
they may take them better into account in new products.

The period of new product realization sets requirements on the leader
of the development group which are combined under the title "product
champion" in the literature. It is often stressed that one of the most
difficult jobs of a product champion may be to solve the conflicts inside
the company that arise because of the new product and the different opinions
about it.
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MOTIVATION

The main conditions for a high motivation to do the right things may be
listed in many ways. The following list gives a subjective choice of some
of the important points:

- What the right things are should be well known. The company
strategy and objectives should be clearly seen.

~ One's own responsibility for the work is high.

~ There should be a trusting atmosphere regarding the evaluation
of proposals and estimation of the results of the work. The
individual person should have the feeling that his work is
rated justly.

- Each person should regard his own job important for the company
and be socially rated.

- Also necessary, especially for younger people, job rotation
to improve motivation.

The above factors may be mostly influenced by the manager-level. The
manager's own behavior is the most important factor influencing motivation
in his department.

There are of course always people who do not get on well in R&D work or
who after a few years of R&D work would like to do something else. The best
way to solve this is to arrange for a transfer to another department. It is
difficult to define a list of personal characteristics which would guarantee
beforehand that a person would have a high motivation in R&D tasks. On the
one hand, very different people seem to get on well, and on the other a
"typical research~man" may ask for a transfer to the marketing department.
High-level R&D people are often independent people with good professional
skills and would also be high—level people in many other tasks other than
R&D.

To answer the question what is more important for motivation, management
behavior and the company's organization characteristics, or one's inner
properties to find motivation in one's work is not easy. Inner properties
also seem to be very important and here there may also be differences caused
by different cultural and social backgrounds.

TRAINING POSSIBILITIES AND LIMITATIONS

In addition to basic education at different levels, continuous training
is needed for several reasons:

~ to keep up-to-date with changing technology;

- to train people for new jobs for the time when the old ones
have become obsolete;

- to train people for teamwork, development of creativity and in
problem saving techniques;
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- to train the managerial level in modern management methods;
— to train technical people to see the economic side of things;

- to show new possibilities, open new contacts and learn new
ways of thinking.

Training has many important objectives. Its efficiency, however,
is often very difficult to estimate. If no consideration is given to
the efficiency of training, it may be really low. The training events
may be used more for recreation and meeting old friends, which although
also could prove useful and good for motivation, may lead to a neglect
of the purpose behind the training. The most important and perhaps also
the most fruitful sort of training after basic studies, is that performed
during normal working. The company's specialities are usually learned
during the first two years and its products and methods familiar. For
R&D people this should not mean, however, that they go into details,
because their main task should be to work with new products and old ways of
of thinking could be a hindrance here. Training in the working place also
continues after the first few years. It is then not usually called training,
but gathering experience. When new tasks require new knowledge to be found
in the literature or from experts, the direct need and use make the "training"
very effective.

Another useful way of learning is to visit exhibitions, clients,
conferences and other companies working in the same field. Especially in
big companies R&D people may feel themselves too isolated from the outside
world and these kinds of visits are therefore important. In discussion with
customers many good ideas for products may arise, which would not be found
in the laboratory or textbooks. Also the validity of one's own ideas can
be better tested when thinking how they could operate in the actual conditions
described by possible users of the product. TFor advanced R&D people another
fruitful occasion for learning are discussions with colleagues outside formal
conference meetings. The newest happenings and trends are often first
mentioned in small circles, whereas they may be heard a year or two later
in the conference hall.

In improving efficiency the first thing to make sure of is that the
person to be sent to a training event really is motivated to that training
and needs the abilities to be taught. He should also be on such a level that
the event is neither too difficult nor too easy for him. The interest of a
foreman in the results of the training also improves efficiency. If it is
known that he is going to ask about the impressions received and maybe
arrange an internal meeting where the person involved should give a summary
the results of the training will be more effective.

Too many training events may also lower efficiency. The right number
of training days/year depends very much on the situation. It may be several
months/year if a new technology is to be adapted. Such transient periods
excluded, the range may be some days/year or some weeks/year depending on
the subject, person and what is included in the training. In principle,
everybody working actively in R&D tasks should have yearly possibilities to
improve his abilities.

The evaluation of training results is easier for technical matters than
for courses on e.g., problem solving or immovation technqiues, project-leading
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methods or managing by objectives. People are often very enthusiastic
after returning from training events of the latter character. It may
occur, that very little from the new information is in use after several
months. One possible reason is often that these kimds. of new methods
require that a great part of the personnel start to use the new method.

A single person can hardly use them alone and efficiency is improved,

when several active persons participate in the training. Even then the
manager should also push actively and show himself that the new way of
handling things is really being used. Another reason for small, long-time
changes may also be that the new methods are perhaps not always so good as
advertised. Some caution should therefore be exercised, and they should
not be put in use by force. This may lead to harmful confusion and
disturbances in the good working atmosphere.

DANGER OF COMMITTEES

Developing a product is always a case of both cooperation and individual
responsibility. Practical experiences seem to show that the results of R&D
work are better when the person in charge of the project has a high degree
of independency and responsibility regarding the project. However, the
project leader's superior cannot delegate all responsibility to him, the
superior has to make decisions regarding starting and stopping the project
as well as to follow its progress.

In some project organizations a big formal status is given to committees
who in their meetings handle the reports of the project leader and make
decisions on how to continue. The author's opinion is that if it really is
the committee that makes decisions, then the project may seriously be in
danger. The lack of the committee's responsibility causes low motivation
and their decisions may be inconsequent. Committees are a very useful
instrument for discussing results and presenting different views, however,
decisions should be left to one responsible person.

Nearly as bad, or maybe worse, than deciding committees is the situation
where the project leader has to wait for tactical decisions regarding the
project from many managerial levels above him. When decisions are made
physically and organizationally far from the actual work by people who do
not know the real situation the presumable result is bad mistakes and slow
progress.

The individual responsibility of the project leader does not mean that
he does not need contact and help from his superiors. In a good working
atmosphere, the project should get the support it needs from managerial
levels and should also keep them Informed of what happens. When the
project leader or people working in the project ask for opinions or advice
it is also very important for motivation purposes that they get fast feedback
from the managerial level and others who are interested in the work. A
good designer or research worker is not always a good project leader. He
may have difficulties in delegating and supervising the other tasks, and
may try to do too much himself. Management should be aware of this and
give him advice in the early stages of the work. When choosing a project
leader this part of the task should be carefully taken into account.
Sometimes it is better to choose for a leader a person whose ability as a
leader is known and not necessarily the best designer.
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JOB ROTATION.

Job rotation is a very useful way to introduce new people to the
enterprise and often R&D departments are the first places for a newcomer.
Usually its atmosphere is nearer to that of universities than in production
or marketing departments. This may however sometimes cause problems for
the R&D department. Even though it is good for R&D to get young people,
it also needs qualified, experienced personnel. The problem is how to
give the people remaining in R&D a wide enough knowledge of the company
without losing them into other departments. Another problem is that senior
people working for R&D should also realize the value of their work for the
company, even if they see a constant stream of young people coming in and
out to other jobs. There are several ways the managerial level should
motivate people to stay in R&D, as presented in the chapter on motivation.

THE NEED FOR FEEDBACK

It is a common human characteristic that the results of one's own work
should be evaluated. In R&D this should be specially stressed because there
is perhaps a greater danger than elsewhere, that work remains unnoticed. The
work of R&D is often busy work, revolutionary results come very seldom.

The receiver of proposals, research reports and other documents should
always give some clear comment. Even a negative answer is better than no
answer or too general an answer. It can be said that a good answer is the
new jobs, which show that the level of results from previous ones has been
good. It would however be better if the feedback, at least for bigger jobs,
comes soon after the work is ready. One of the most important feedbacks is
the proper salary development. A manager should also give incentives for
improvement to any points in the activities which are not satisfactory, and
should also express his thanks for good performances. Feedback should also
go in the other direction. 1In a good working atmosphere the manager should
get information about feelings and hopes during normal daily discussions
without any special arrangements.

SUMMARY

The first important human factor to be considered in R&D is the choice
of people for R&D tasks. Because there are many types of work starting with
the first idea to the ready product, not only one type of character is needed.
Many people, fulfilling normal qualifications, can find a suitable place in
R&D. The question is more one of motivation than other human factors.

The second important task relating to human factors is to make the
company's main lines of activity, objectives of the R&D and the normal
working rules related to time—tables and so on clear. The third important
activity is taking care of motivation. This requires activity from the
manager at all times. The fourth task is continuous training. The lines
of the training program always require updating and efficiency needs
supervising.
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INTRODUCTION

The importance of the human factor in the execution of different tasks
has slowly become more apparent. The influence of human errors could be
dramatic, as in the case of the Three Mile Island incident, but humans could
also grow in their duties and perform far better than ever expected.
Understanding the human as a part of the system is still in its infancy,
although some means for describing and predicting human behavior are emerging
from sciences such as psychology and sociology. In spite of the results
available it is, however, discouraging to observe that wvery few of the
results have been applied in practice in organizations dependent on the
human factor.

During recent years there has been a growing interest in the implications
of the human factor on the safety of nuclear power., There has also been a
strive for including a guantitative prediction of human behavior in risk
assessments. At the present level of understanding the description of human
behavior in complicated decision making situations has, however, to rely on
qualitative rather than quantitative methods.

In considering case histories where the human factor has played a part
in an accident or near accident, one of the contributing factors that could
be seen is different organizational deficiencies, with the implication that
individuals do not have the proper support in their decision making situations.
This observation led to the initiation of a subproject as a part of the Nordic
cooperation on "Human Reliability in Complicated Energy Systems' (Wablstr8m
and Rasmussen 1983). The subjproject "Safety Oriented Organizations and
Human Reliability" (Wahlstr8m 1983) considered the safety implications of
organizational deficiencies and has been divided into the following main
phases:

- establishment of a theoretical model of the organization;
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-~ collection of case histories;
- categorization of organizational deficiencies;

~ establishment of a normative model for a safety oriented
organization;

- development of checklists and other measuring methods.

The purpose of this paper is to give a brief account of the most
important concepts identified in the Nordic cooperation project and to
extend the discussion also to organizations with other types of goals.
The discussion is then amended by some observations made from development
projects in which the author has participated. As a conclusion some
requirements on the organization of a company, which is dependent on its
innovative capacity, are stated.

THE ORGANIZATION

A collection of individuals working together for some common goal
according to a set of accepted rules could be called an organization. The
organization of the work gives a gain due to the rationalization by the
specialization between the different individuals in the organization. The
following functions could be found in each organization:

- leadership function;
~ production function;
- different support functions,

The 