
INTRODUCTION

For the several employments and offices of our fellows, we have twelve that sail into
foreign countries under the names of other nations (for our own conceal), who bring
us the books and abstracts, and patterns of experiments of all other parts. These we
call Merchants of Light. We have three that collect the experiments which are in all
books. These we call Depredators. We have three that collect the experiments of all
mechanical arts, and also of liberal sciences, and also of practices which are not
brought into arts. These we call Mystery-men. We have three that try new experiments,
such as themselves think good. These we call Pioneers or Miners. We have three that
draw the experiments of the former four into titles and tables, to give the better light
for the drawing of observations and axioms cut of them. These we call Compilers. We
have three that bend themselves, looking into the experiments of their fellows, and cast
about how to draw out of them things of use and practice for man's life and knowledge,
as well for works as for plain demonstration of causes, means of natural divinations
and the easy and clear discovery of the virtues and parts of the bodies. These we call
Dowry-men or Benefactors. Then after divers meetings and consults of our whole
number to consider of the former labours and collections, we have three that take care
out of them to direct new experiments, of a higher light, more penetrating into Nature
than the former. These we call Lamps. We have three others that do execute the
experiments so directed and report them. These we call Inoculators. Lastly, we have
three that raise the former discoveries by experiments into greater observations,
axioms, and aphorisms. These we call Interpretators of Nature. We have also, as you
must think, novices and apprentices, that the succession of the former employed men
do not fail; beside a great number of servants and attendants, men and women. And
this we do also: We have consultations, which of the inventions and experiences which
we have discovered shall be published, and which not: and take all an oath of secrecy
for the concealing of those which we think fit to keep secret: though, some of those we
do reveal sometimes to the State, and some not.

Nova Atlantis (Sir Francis Bacon [1625] in Allen 1977)
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In around 1625, Sir Francis Bacon magnificently described a research organization in
the ideal world of Nova Atlantis. These days, research organizations can be found in
the everyday world. This book will bring you into this world. It describes the unclear
situation of everyday research management. It will show you the publish-or-perish
world in universities, the struggle for market orientation in institutes, and the
competitive fight for market share in industry. This book aims at answering such
questions as: <Are there universal factors of management and organization determining
success in research and experimental development (R&D), or are these factors merely
dependent on the organizational setting you are dealing with? Which types of
management and organization will give the best results, and which incentives and
instruments should be used to achieve this?’

This monograph concentrates on the research floor level, the research unit (the
professors with their scientific, technical, analytical and administrative staff in univer-
sities, or the department heads with their staff in institutes), and the system of research
units which together form the R&D process in industry. What are the secrets of the
best performing units? Is it only the brilliancy of the supervisor(s), or are there other
factors dividing the outstanding from the average performers? In industry questions
arise about the coordination and structuring of the R&D process. How is optimal
coordination achieved if one part of the R&D process is carried out in the USA,
whereas at the same time another part is done in France. And how do we get
coordination if in a multi-centred clinical trial the same study design must be followed
by physicians in Norway, France, and Germany? This study is based on a comparative
study of 40 biomedical research units in 8 medical faculties, and 17 research units in 5
large Health Research Institutes in the Netherlands. This is combined with the findings
of a European survey of the main R&D laboratories of 14 large and medium sized
pharmaceutical companies.

Unfortunately, this book will not give you the definite answers. In the world of
research it is often unknown what is cause and what is effect. For instance, if is found
that an outstanding research unit has many international contacts, is this then one of
the causes of its excellency? By communicating intensively with colleagues abroad,
researchers do get a better idea of what is new and interesting in their research field.
Or is it an effect of excellency? The outstanding research units may attract more
attention from the scientific community, for instance, in the form of proposals for co-
operative projects or presentations at international congresses as the institution behind
a keynote speaker. Or is it cause and effect simultaneously? The latter could very well
be the case. In many places in this book, reinforcement loops such as, doing good re-
search, getting interesting results, attaining more attention from the outside world,
getting more international contacts, developing more innovative ideas etc., will be
encountered. If it were possible to provide clear-cut relationships, then management
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would be (or become) a formalistic system, which would eliminate the need for
scientific enquiry. The fact that it is not leads us to the second unfortunate point. At
the very moment the secrets of success are revealed, they no longer apply. A certain
strategy which is a competitive advantage for the few, will turn into its opposite if it is
used by all. Therefore, it might sometimes be better to proceed in the opposite
direction than the one which is suggested by the empirical data. Although this book
does not provide the reader with clear-cut relationships, it does provide him or her
with a comprehensive list of features which separate the outstanding from the average
research laboratories. Discussions with research managers in the strata universities,
institutes and company laboratories revealed that most of the suggestions were judged
fruitful for everyday management.

This book is aimed at research managers at different levels in universities, institutes
and companies. Policy makers in the field of research and experimental development
may also find useful ideas and concepts in it. Researchers in the field of management
studies may be interested in the research model and the interpretation framework used.
Because the field of management and organization is a broad one, all of the methods
and techniques presented will not be appropriate for the individual reader. Still it can
be assured that it contains sufficient relevant information for his or her purpose. This
book is divided into two major parts, each of which is designed to achieve a different
objective. Readers primarily interested in management practice and advising may find
useful concepts and ideas in the sections 1 and 4. Researchers in management studies
will find an account of the design, conduction and results of the empirical study in the
sections 2 and 3. 

Section 1 (chapters 1 to 3) supplies the theoretical foundation for the study. The first
chapter deals with the research methodology and the study domain. The empirical part
of this book follows the trajectory of theory construction, whereas the evaluation of
the possible impact for management practice follows the heuristic methodology of
theory application. It is argued that success of application depends heavily on the
context (situation) one is dealing with. Then the chapter turns to the study domain. It
classifies research and experimental development in universities, institutes and
companies, and gives a factual overview at the current state of biomedical research in
the Netherlands. Because of its multinational character, industrial pharmaceutical
R&D is described on a global level. The second chapter focuses on the concepts of
systems theory. Different aspects of organizational structure and behaviour are
described, using the contingency theory and the organizational typologies elaborated
by Mintzberg (1979). The systems theory of control is introduced, based on the broad
paradigm of control (<any form of goal directed influence’) as defined by De Leeuw
(1990). It provides the theoretical foundation for the analysis of the control situation
in the three strata, and it is used as a checklist on the completeness of the variables
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used. The chapter ends with an outline of the expected relative strength of the different
system variables in the three strata. Chapter 3 focuses on the research floor level. It
introduces the concept of circular learning to describe the research process in terms of
value adding learning loops. The conceptual model of the double unity cell (Van
Engelen 1989) is discussed, which integrates the concepts of value adding learning and
a control situation. Finally, the model of the double unity cell is applied to the three
strata.

Section 2 (chapter 4 to 6) focuses on the study design. Chapter 4 describes the
different elements which are used in the theory structure; i.e., the concepts,
observational relationships and operationalizations of the variables, and the measures
taken to provide for complete coverage of the relevant relations and entities, and for
internal and external validity. The <triangular’ model is developed to cover the
dynamic associations of management control (control by the research management)
with performance and effectiveness, while different contingencies are used to fine-
tune for situational differences at the research unit level. Chapter 5 concentrates on the
expected associations between management control and the contingencies on the one
hand, and performance and effectiveness on the other. The general hypotheses regar-
ding the differences in management control and more specific hypotheses about the
different contingencies are formulated, and different cross-sections of the industrial
study population are made. Chapter 6 concentrates on the methods of data collection.
Structured interviews regarding research management in general, and specific ques-
tionnaires regarding qualitative and quantitative aspects of structure and control, have
been designed to measure the dependent variables. The attention is focused on the
sampling procedures, inclusion criteria and the measures taken to provide for the
representativeness of the study population. In addition, the bi-variate and multi-variate
methods of data-analysis are discussed. This chapter ends with a description of the
methods used to approach the study population.

Section 3 (chapters 7 to 9) presents the results of the empirical study. Chapter 7
concentrates on the actual data collection, specifically on the representativeness of the
response and the reliability of the instruments. Because of the difference in the level of
analyses (single research units in universities and institutes versus systems of research
units in industry), the results found in the universities and institutes are presented
separately from those found in company laboratories, in chapter 8 and chapter 9,
respectively. 

Section 4 (chapters 10 to 12) discusses the results and draws the conclusions. In
chapter 10 the main conclusions for universities and institutes are given, and in
chapter 11 those for companies. In the final chapter, chapter 12, the management
control situation is compared in the three strata. The main findings are placed in a



Introduction 5

broader context, and suggestions are made for further research. Also, practical
implications for research management, administration and research policy are given,
taking into account the differences in the applicational contexts.





SECTION 1

THEORY





CHAPTER 1

RESEARCH METHODOLOGY AND STUDY DOMAIN

This Section provides the theoretical foundation for this monograph. This chapter
concentrates on the research methodology and study domain. A distinction is made
between the trajectories of theory construction and theory application. The attention is
then focused on the study domain. A broad definition of R&D is given, and it is classi-
fied into basic research, applied research and experimental development. After a
factual overview at Dutch R&D in general, it focuses on biomedical research in
particular. Because of its multinational character, the features of industrial phar-
maceutical innovation are discussed on a more global level. In the next two chapters,
the concepts of systems theory on which this study is based, are discussed in more
detail. Chapter 2 concentrates on structure, behaviour and control at the level of the
whole organization, and chapter 3 focuses on the object of study, i.e. the research unit
level.

1.1 THE METHODOLOGY OF THE STUDY OF MANAGEMENT AND
ORGANIZATION

The study of management and organization is one of the empirical sciences, because
the discipline is concerned with the physical and social reality. The design of most
empirical management studies follows the methodology of the empirical sciences, in
which quantified variables are explained (in strict statistical sense) by other quantified
variables (see § 3.2). This is mathematically expressed in the following general
equation:

Equation 1.1 y  = ƒ(x )     (1 ## i < n)i i

By convention y  is taken as the dependent variables (effect) and x  represents thei i

independent variables (cause). However, in trying to find the above causal
relationship, the researcher in management and organization studies may encounter a
number of methodological and contextual problems, connected with the subject of the
study, which are not present in other empirical sciences. They are considered below in
more detail (based on Bagozzi 1983 and Van Aken 1994).
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! Conceptual variables are sometimes difficult to operationalize in quantitative
measures.

! Errors in measurements occur as a result of the imperfect correspondence be-
tween constructs and operationalizations.

! Multi-causality, y may be influenced by more factors than x alone, and it is
often a certain combination of factors which causes a certain effect in y.
These other factors might have been overlooked or omitted for practical
reasons.

! A degree of randomness exists, such as might be reflected in the natural
variability in the responses of individuals or in data collection and coding.

! It is often difficult to find the number of observations necessary for
statistically justified conclusions.

Additional problems arise because managers and management consultants have to deal
with complex questions and situations in which a large number of mutually correlated
effects are at work simultaneously, or where an integrated approach is necessary
because a specific problem cannot be isolated from its context, for instance:

! Situation and time dependency means that a relationship may be found in
organization A but not in B, and might also disappear in A after some time.

! The effect of an alteration (an organizational change) may take a longer
period of time then expected.

! An implementation effect may apply, i.e. the effect of a measure does not only
depend on the measure itself, and the situation and moment of
implementation, but also on the person(s) who implements it. It is often
observed that <good’ measures may fail by poor implementation, whereas
<bad’ measures can be successful in the hands of a skilled consultant. 

 
Therefore, a manager or management consultant has to work with heuristic knowledge
based on the study of comparable cases. On the basis of such studies the most
promising applications or measures are chosen.



trajectory of theory construction trajectory of theory application

Exhibit 1.1 THE TRAJECTORIES OF THEORY CONSTRUCTION
AND THEORY APPLICATION

source: Van Engelen and Van der Zwaan 1994
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1.1.1 The Trajectories of Theory Construction and Theory Application

In order to address these problems systematically, Van Engelen and Van der Zwaan
(1994) have distinguished the trajectories of theory construction (TC) and theory
application (TA). The trajectory of theory construction is directed towards the
confrontation of the theory with reality via description (or measurement), explanation
and testing. Based on this confrontation the theory can be confirmed, rejected or (re-
)designed. The trajectory of theory application is directed towards the creation of the
artificial in the theoretical and/or practical context. The two trajectories are outlined in
Exhibit 1.1. 

The trajectory of theory construction starts with the definition of concepts and
constructs which give a theoretical description of part of reality. This description aims
at providing explanations for the observable phenomena, combined with a high level of
predictability. By use of formal testing procedures, the level of explanatory and/or
predicting power is investigated on reality. If such a test is positive (or negative) than
a contribution is made to the body of scientific knowledge. This new body of
knowledge may lead to new investigations, new propositions (hypotheses) and thus to
further <theory production’ or will be used in the trajectory of theory application. In
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the trajectory of theory application the sequence of steps is quite the opposite from
that in the trajectory of theory construction. In this trajectory, an undesired situation is
observed in reality (a disease or organizational problem). In the diagnosis phase the
reality is theoretically assessed in order to choose which theory should be used to
improve the situation. After that, a solution for the problem is designed and
implemented (therapy or organizational redesign). If implementation does not lead to
the desired situation this may lead to additional measures in the domain of theory
application or to new research questions in the domain of theory construction.

One of the most well-known examples of theory application is the therapeutic action of
the physician. The physician will start with taking down the general anamnesis of the
patient. He/she then chooses a suitable diagnosis procedure, for instance, one that is
sufficiently wide-reaching (a physician will examine a patient with pain in his/her
fingers, not only for fractures, but also for a possible deviation of the heart function).
He/she will end with establishing the probable cause of the complaint and searching
for a therapeutic action. If more methods are available, the physician will have to
choose the best (an evaluation problem), for instance a drug therapy or an operation.
Sometimes a new method has to be developed (a construction problem), for instance,
the use of a new type of synthetic pin to heal a hip fracture. Thereafter the chosen
therapy is implemented. An implementation effect may also apply, it is often
established that the success of a therapy partly depends on the confidence of the
physician in his/her treatment.

1.1.2 The TC/TA matrix

Exhibit 1.2 depicts the idea that in scientific fields, which encounter large contextual
variation, a theory tested in one specific context (C ), may give quite different results1

if applied in another context (C ). However, a theory will only have practical merit if it2

leads to comparable results in similar contexts. The design of this study is based on the
concept of <context-comparison’. If for a certain phenomenon (management control) in
one technology field (biomedical research, chosen for the similarity of the overall
context) but in three different (sub-)contexts (basic and strategic research in
universities, applied research in institutes and R&D in industry) consistent
relationships with outcome are found this phenomenon is considered to be fundamental
for these relationships and may therefore be generalized to related contexts in other
technology fields.
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Exhibit 1.2 CONTEXT-DEPENDENCY OF THEORY CONSTRUCTION
AND THEORY APPLICATION
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The reliability and the generalizibility of the results both are depended on the size of
the study population. The TC/TA matrix (see exhibit 1.3), which couples the
trajectories of theory construction and theory application to the size of the study and
the target population, might therefore be a helpful tool for taxonomy purposes and as a
paradigm of completeness for empirical management studies.

If a case study is conducted in one or a few organization(s) or a rare illness is
described in a small group of patients, the sample size is small in the trajectory of
theory construction. In general, no statistical techniques can be applied, and the
findings have only a limited generalizibility, because of the very specific context.
Nevertheless, if carefully designed, such a study can provide significant descriptive,
explorative and even explanatory power (see, for instance, Yin 1989 and Biemans and
Van der Meer 1994). The strength of the case
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study is its high resolution. Specific aspects of the organization, patient or situation
can be analyzed in great detail. The sample size is medium if a small survey is
conducted into a group of 10 to 50 organizations, or an interview group is selected for
market research into individual buyer behaviour, or a patient group is followed in a
double blind clinical trial. In general, only specialized statistical techniques, designed
for use in case of weak statistical power can be applied. The generalizibility is larger
than for case studies, but the resolution is less. The sample size is large, for instance,
in a survey into consumer behaviour in the general population or a nation-wide
epidemiological programme on cancer research. The statistical power is high, and even
small differences in the study population can be traced. In a lot of cases the contextual
situation is well-known and can therefore be generalized. By comparing several
contextual situations, relevant characteristics can be defined more precisely. This
makes it more accurate and easier to diagnose the applicability of a theory in a certain
context. However, the level of resolution of specific aspects outside the statistical
domain is low. In the trajectory of theory application the same separation can be made.
Examples of small target samples are, for instance, a reorganization carried out in a
company, the establishment of a co-maker relationship between two companies, or a
new drug being tested on a small number of healthy volunteers. Just as with the case
study, the management consultant or physician will put much emphasis on the special
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context of the organization(s) or patient(s) involved. If the sample size is medium, the
results from the interview group are used in industrial marketing aimed at a limited
group of (industrial) customers, and the results of a case study into communication
improvement in one project team are applied to all the project teams in the company.
Examples of large scale application are, for instance, the use of the results of a
statistical survey in consumer marketing. 

Empirical studies conducted for their relevance in the domain of application will have
to pass through the trajectories of theory construction and theory application. The
succeeding steps in the process will roughly be, theory description, formulation of
hypotheses, empirical testing, analysis of results and enrichment of the theoretical
domain in the trajectory of theory construction, and diagnosis of context of
application, design of the improved situation and implementation in the trajectory of
theory application. Therefore, such a study has to appear in one (or more) position(s)
in the TC/TA matrix. If not, the study design is incomplete. For instance, a large
epidemiological study into the incidence of cancer may reveal that a specific form of
cancer can be healed if discovered at an early stage. If so, a group of patients may
benefit tremendously. In terms of the TC/TA matrix such a combination of a large
population in the trajectory of theory construction and a small (or medium sized)
target group in the trajectory of theory application can be referred to as TC  /large

TA  (TC  / TA ) or, in short, LS (LM).small large medium

This study is an example of a TC  / TA  or a MS combination (indicated by Xmedium small

in exhibit 1.3). The total study sample is large (271 respondents in 71 research units),
but because of the focus on the contextual differences it has to be analyzed in the three
strata, separately. Therefore, the sample size per stratum is medium (40 research units
in universities, 17 in institutes and 14 in companies). It can therefore be looked at as a
combination of several case studies of which the results can be applied, to some extent
(in relation to the contextual differences), to the individual organization. Section 4 of
this book aims at bridging the gap between theory construction and application. There
is much included which divides successful biomedical research units and innovative
pharmaceutical companies from their less successful competitors. A major objective of
this book is to provide practical guidelines for those who have to develop new product
and research strategies, or have to devise new innovative structures. They are invited
to select those which look potentially fruitful for application. The reader is urged to
consider the specific context of their organization as a separate parameter in the
selection process, by asking the question: <Does this information apply to my type of
organization?’
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1.2 RESEARCH QUESTIONS AND MAIN HYPOTHESIS

The fundamental question behind this book is: <Why are some research organizations
more effective than others?< Is this only due to the quality of the supervisor and the
individual researchers, or are there other aspects of management and organization
determining the success or failure of a research laboratory? In fundamental research
especially, the traditional idea of creating excellency by bringing some brilliant people
together, providing them with the best facilities, and letting them work in a <creative’ -
possibly remote - environment, leaving them alone and waiting for the break-through
articles to come, is still very popular. An inspiring example of this concept of creating
excellency by leaving alone is given by Maddox (1988) for the field of theoretical
physics. According to Roussel et al. (1991) this strategy is still very common in
industrial R&D too, especially in larger firms. As Hamel and Pralahad (1989) put it: <
... put a few bright people in a dark room, pour in some money and hope that
something wonderful will happen.’ Of course, good researchers are a necessary
condition for success, but is it the only thing that matters? In fact, there is a general
feeling that it is not. Most people working in the field of research management, have
experienced, or know from observation, that bringing some brilliant people together
often ends up in an argument, rather than producing good results. All the <How to
manage, how to organize’ literature starts from the underlying assumption that
management and organization do make a difference between success and failure. Up to
now, only very few studies are available to test this underlying assumption at the
empirical evidence. 

The specific questions which will tried to be answered in this study are: <Can
management control (control conducted by the research management) positively
influence the performance and effectiveness of the research organization? And if so, to
what extent can it enhance performance and effectiveness, and which instruments
should it use to do so? For instance, tight control, with strict planning of every step of
the research process, or loose control, leaving the individual researcher room for
manoeuvre? And what is the impact of the organizational setting on this relationship?’
These general questions can be converted into the following three research questions:

1 Do certain aspects of management control relate to R&D performance and
effectiveness in a positive way?

2 If so, to what extent do these aspects relate to R&D performance and ef-
fectiveness, and which instruments should be used to increase R&D per-
formance and effectiveness?

3 What is the impact of the organizational setting (universities, institutes and
company laboratories) on this relationship?
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In order to answer these questions, a comparative study has been conducted in biom-
edical research units in medical faculties and large health research institutes in the
Netherlands. This was combined with a European survey in the main R&D laboratories
of fourteen large and medium sized innovative pharmaceutical companies. The
research management (the heads of the research units and their senior scientific staff
in universities and institutes and the heads of the different research departments
constituting together the R&D process in industry) was asked to judge a number of
items regarding the management control situation in their organization in general and
their unit in particular (i.e. regarding personnel policy, pace of administrative pro-
cedures, advancement of laboratory equipment). To fine-tune for the differences at the
research unit level (for instance between preclinical, paraclinical and clinical research
units), the contingencies (situation-dependent variables) defined by Mintzberg (1979)
were used.

The first research question is the most profound. The fundamental idea behind this
study is, that management control is essential for success in biomedical research and
pharmaceutical innovation. This idea can be transformed into the following main
hypothesis, underlying all the other hypotheses about management control in chapter
5.

Hypothesis 1
A number of management control variables will be judged more positively by the
research management in the more-than-average performers than in the less-than-
average performers.
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Janszen (1994) states that successful management of R&D has to be in accordance
with the specific characteristics of the R&D technologies (the hardware and software
tools used in the R&D process), which may differ for various technology fields and
industrial sectors. The research programme of the Management of Technology
Department in Rotterdam concentrates on comparing management and organization
across technology fields and industries. In this study, a perpendicular cross-section is
taken. The study design is concerned with only one technology field (biomedical
research) and one related industry (pharmaceutics), but within three different
organizational settings (universities, institutes and company laboratories), in which the
contextual variation in objectives and goals, environmental and task uncertainty may
be regarded as maximized. Given this large variation in (sub-)contexts (see also §
1.1.2), it is clear that if consistency in the relationships of management control and
effectiveness are found, this will enhance confidence in the generalizibility of the
findings to related contexts in other technology fields. The integration of the findings
of such perpendicular cross-sections (<context-comparisons’, see exhibit 1.4) is
expected to generate new and fruitful research insights into the fast-growing field of
the management of technology. 

Generalizibility 
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If replication of the study design in the three strata yields consistent results, this will
enhance confidence in the generalizibility of the findings.

1.3 OVERVIEW OF PREVIOUS STUDIES

A great deal of academic papers has been published on different aspects of the
management and organization of research. A proportion of the literature covers the
managerial aspects of industrial R&D (for a selected overview, see Tushman and
Moore eds., 1988). These studies mainly concentrate on strategic and operational
aspects, such as project selection and evaluation, project planning, human resources
management and staffing, and the interfaces with marketing and production. Compar-
ably less, but still considerable, attention has been paid to the managerial aspects of
research in the academic world. A number of papers focus on strategic planning (e.g.
Dits 1988 and Zeldenrust 1989), on academic research management in general (e.g.
Mason 1979 and Latour 1987) and on individual laboratories (e.g. Latour and Woolgar
1979 and Knorr-Cetina 1981). Gilley et al. (1986) and Birnbaum (1988) concentrate on
individual leadership, and Spangenberg (1989) on management and atmosphere in
relation to performance and effectiveness. In the area of the research institutes, a
qualitative study by Mayntz (1985), including interviews with thirteen research
Directors of the Max Planck Institute in Germany, is worthwhile mentioning.
However, all these empirical studies concentrate on only one type of research organiz-
ation, leaving the contextual differences out of the scope of research. Although much
attention has been paid to the possible similarities and differences from a theoretical
point of view (for instance Marsh and Olson 1972), up to now only two large European
surveys have been conducted that include universities, institutes and companies in the
study population (Andrews ed., 1979 and Franklin, 1987). However, in these studies,
the large contextual differences between technology fields and industries (such as
electronics, aircraft and pharmaceutics), were mostly disregarded. 
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1.4 CLASSIFICATION OF RESEARCH AND DEVELOPMENT

In order to provide for standardized measures, the Organization for Economic
Cooperation and Development (OECD) issued the Frascati Manual, in which generally
accepted definitions for science and technology are given. In the Frascati Manual,
research and experimental development (R&D) is defined as follows (OECD 1981):
<Creative work undertaken on a systematic basis in order to increase the stock of
knowledge . . . and the use of this stock of knowledge to devise . . . new materials,
products, or devices . . . new processes, systems or services, or ... improving
substantially those already produced or installed.’

The OECD distinguishes between three types of R&D activities: basic research,
applied research and experimental development. Although universities, institutes and
companies all span activities covering basic and applied research as well as expe-
rimental development, generally speaking the main objective of universities is to
perform basic research, that of institutes is to perform applied research, and that of
companies is to perform applied research and experimental development. Basic
research, applied research and experimental development are first described as
performed in universities, institutes and companies, respectively. Thereafter, they are
discussed as part of the industrial innovative process. 

<Basic (fundamental) research is defined as original investigation undertaken in order
to gain new scientific and/or technical knowledge and understanding’ (Freeman 1982).
A number of aspects of basic research can best be compared with top sports. Whereas
in top sports the boundaries of the human physical potential are tested and shifted
centimetre by centimetre, in basic research it is the boundaries of human knowledge
and understanding that are shifted. Top scientists can be obsessed by their work and
there is strong international competition, in which scientific quality is the ultimate
criterion. Just as top sports people strive to eternal fame by winning the Olympic
Games, so basic scientists hope to win the Nobel price. Other aspects of basic research
have more in common with art. Namely, if is looked upon the talented scientist as
someone who opens the window to new insights by combining existing and new
scientific knowledge in an original and creative way. Basic research is often related to
curiosity and the urge to discover and elucidate new and unconceived phenomena. Re-
searchers are led by their own ideas and scientific interests or those of their direct
supervisor(s). Basic research is also connected with serendipidity. This means that
important discoveries are often made as accidental side-products of research directed
towards other subjects (<to look for a needle in a haystack and to find the farmer's
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  In 1928 Fleming was cultivating cultures of Staphylococcus (a bacterial genus, in -1

cluding numerous species which can cause infections). By accident one of his cultures was
infected by a fungus of the genus Penicillium. Around the fungus colony the cultures o f
Staphylococcus were diluted. It is the genius of Fleming that he did not ignore thi s
unexpected phenomenon. He rightly concluded that the fungus had produced an antibacte-
rial substance. He isolated a small amount and called it penicillin. In the Second Worl d
War, Chain and Florey continued the experiments, by order of Churchill, to find a dru g
which would protect the British army against gonorrhoea. They found the process t o
produce penicillin on an industrial scale. In 1945, Fleming, Chain and Florey togethe r
received the Nobel price for Physiology and Medicine.

daughter’). A famous example is the accidental discovery of penicillin by Fleming .1

Although basic research sometimes does lead to the formulation of a new theory or
even a new scientific paradigm (Kuhn, 1970), the everyday practice of experimental
science is one of laborious searching for small pieces of empirical evidence using
standard experimental and methodological methods. As soon as research results are
obtained, they are published in specialist journals and presented at scientific
congresses. Here the scientific debate takes place about their reliability and
importance, and if they stand up to this critical evaluation, they are incorporated into
the body of scientific knowledge. 

<Applied research is undertaken to gain new scientific and/or technical knowledge, but
it is directed primarily towards a specific practical aim or objective’ (Freeman 1982).
It is often difficult to draw the line between basic and applied research. Janszen (1994)
states that, although basic and applied research use the same methodologies and
heuristics, means and ends are reversed. In basic research a natural process is isolated
from the system and analyzed by studying the input-output relations, by varying the
relevant parameters in a systematic way under controlled conditions. For instance,
starting from the observation that aspirin slows down the blood clotting process, and
by systematically changing the relevant parameters, it was found that prostaglandins
play an essential role in the process. In applied research this knowledge is used to
synthesize aspirin-like chemical structures which can modify the blood clotting
process in the desired manner. Essentially, in basic research the (physical, chemical or
biological) system is disturbed and the output is studied systematically, while in
applied research technology (basic knowledge) is incorporated into an artifact (e.g. a
biological or chemical compound), consciously influencing the normal process.
Exhibit 1.5 shows the difference between basic and applied research schematically. 



Exhibit 1.5   BASIC VERSUS APPLIED RESEARCH
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The Dutch Research Policy Council (RAWB 1983) gives the example of the study of
the genome of pathogenic viruses. This can be studied from a fundamental standpoint,
for instance as a model for certain life processes, but also from an applied angle, as the
genetic basis for pathogenesis. Therefore, in recent years application-oriented
research (also called mission-oriented research, Van Dijk et al. 1993) has also been
distinguished. Application-oriented research includes basic research performed in
areas of public or economic interest with a middle-term or long-term potential for
application (such as biotechnology). If a possibility for application arises, further
research is carried out in research institutes and company laboratories. Applied
research in universities and institutes is mostly carried out on a contractual basis for
governmental agencies or industry. In recent years contact research (van Dijk et al.
1993) has also been emerging. In contact research an industrial or governmental con-
tractor is not so much interested in the possibility of the direct application of the
research results, but rather uses a research group as a sound-board, or a sensor and
pilot tester of new scientific and technical developments. Whereas basic and applied
research concentrate on gaining abstract knowledge and understanding, experimental
development (or engineering) is concerned with the activities needed to progress from
abstract ideas to (industrial) products and processes. <Experimental development is the
use of existing scientific and technical knowledge to produce new or substantially
improved materials, devices, systems or services’ (Freeman 1982).
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1.5 INDUSTRIAL INNOVATION

Basic research, applied research and experimental development can also be classified
as successive activities in industrial or technological innovation. This process can be
considered as a set of activities which transform client orders, market demands and
technological advancements into product and process designs (De Weerd-Nederhof et
al. eds. 1994, pg. 12). It includes R&D and the succeeding production, marketing and
sales activities needed for market introduction. These activities are carried out as part
of the R&D function (or corporate R&D, Betz 1987). The R&D function is therefore
more broadly defined than the sum of the activities of the R&D laboratories, because
marketing and production are also involved. 

Industrial innovation starts with strategic project choices, based upon the market
demand (market or demand pull), or the technological possibilities (technology push).
After these choices have been made the research phase starts. This can be basic
research in the research laboratories of large, often multinational, companies, or in
small high-tech firms (for instance in biotechnology), or cont(r)act research carried
out in conjunction with research groups in universities and institutes. Applied research
is then conducted, leading to patents for products or processes, or ideas for prototypes.
Subsequently, experimental development will start. Experimental development
includes activities necessary to produce the final product, for instance its design (in
the case of audio equipment, cars etc.), safety requirements and extra possibilities for
application. At the end of this stage, the production process must be designed. Pilot
plants have to be built, existing production processes must be scaled up or redesigned
for the production of the new products etc. Most of the R&D



Exhibit 1.6   FROM A SEQUENTIAL TO A CONCURRENT PROCESS
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budget is spent on experimental development. Therefore, the experimental
development activities are increasingly conducted in a parallel and yet integrated way.

Formerly, the research laboratories working on different parts of the R&D process
were sequentially dependent in a chain of R&D activities. They used the results of an
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upstream department, transformed it, and passed it through to a downstream
department. The communication between the different departments was limited. When
intensified competition forced the companies to accelerate the R&D process, the linear
sequence was gradually replaced by parallel development. Now downstream activities
started before having received finalized information upon completion of upstream
R&D activities. However, because the communication between upstream and
downstream departments did not intensify, integration problems arose. Allen (1977)
found a high level of association between the flow of information between scientists in
different phases of the R&D process and the performance of an industrial laboratory.
Following these findings, in recent years, companies have greatly intensified the
communication across the R&D process and with marketing and production (lateral
and cross-functional communication), leading to concurrent development (see exhibit
1.6). In accordance with Allen's findings, both upstream and downstream activities
turn out to benefit from the improved communication and integration (see for example
Clark and Fujimoto 1991 and Millson et al. 1992). A functional hierarchy does not
support lateral and cross-functional communication. In order to achieve that project
goals can take precedence over functional goals many companies have installed lateral
and cross-functional project teams, which draw members from throughout the
organization (see for example Donellon 1993, and Henke et al. 1993).

1.6 RESEARCH AND DEVELOPMENT IN THE NETHERLANDS

In order to give an impression of the division of labour and resources over universities,
institutes and companies, some general facts and figures about Dutch R&D will be
presented, before will be turned to biomedical research in particular.

Exhibit 1.7 shows that in contrast to most industrial nations, Dutch R&D expenditure
has declined in the last six years, from 2.3% in 1988 to 1.9% of the Gross Domestic
Product in 1993, with this latter percentage being similar to the spending in the early
1980s. Since then the difference with the leader, Japan (3% in 1992), has become
considerable. Even a fast growing <Asian tiger’, such as South Korea, spends a higher
percentage on R&D (2%). This
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  Another 30% is conducted by companies with more than 1,000 workers. The remaining1

15% is carried out in small and medium-sized companies (Van Dijk et al. 1993).

decline in the R&D expenditure is partly due to budget retrenchments by the Dutch
government. However, 55% of Dutch R&D is paid for by industry, and dominated by
the five Dutch multinationals: Philips, Shell, Unilever, AKZO and DSM . Therefore,1

the recent budget retrenchments by Philips negatively influenced the Dutch R&D
expenditure. Another factor which has caused part of the decrease of the R&D
expenditure, is the relative decline in the salary level of Dutch scientists compared to
those in other industrial countries. Whereas Dutch scientists were the most expensive
in Europe at the start of the 1980s, nowadays this position has been taken by France
and Italy (Minne 1992). From the perspective of the international competitive position
of Dutch researchers, this can even be regarded as advantageous. Unfortunately, even
if it is adjusted to take account of these two factors, the Dutch R&D expenditure is still
lower than in most other industrial countries. 

According to the Central Bureau of Statistics (Van Dijk et al. 1993) about 70,000
scientists and engineers are working in the Netherlands. About one quarter work in
universities, another quarter in institutes and half of them in company laboratories. In
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total 54% of the R&D expenditure is spent in industry, compared to 22% in research
institutes and 20% in universities. The R&D in industry is the least labour intensive.
Whereas about 60% of the total expenditure in universities and institutes is spent on
personnel, this figure is only 47% in companies. Consequently, the capital costs per
scientist are clearly higher in industry (US$ 95,000 versus US$ 67,000). In the indus-
trial R&D laboratories, the percentage of scientists out of the total R&D staff is much
lower (22%) than in universities and institutes (36% and 38%, respectively). This is
probably due to the fact that in development less scientists are needed than in basic
and applied research. 

The following figures show that not only in universities, but also in research institutes
and industry, a considerable amount of basic research is carried out. In 1986 20% of
the R&D in industrial laboratories was directed towards basic research, 25% to applied
research and 55% to development. In research institutes, these percentage were 28%
for basic research, 53% for applied research and 19% for experimental development.
The expenditure in industrial laboratories was higher than in other OECD countries
(3% to 5%), due to the fierce research efforts of the five Dutch multinationals. If their
efforts were excluded, the percentage of basic research dropped to around 8%
(Ministry of Economic Affairs 1990).

1.7 BIOMEDICAL RESEARCH AND PHARMACEUTICAL
INNOVATION

Biomedical research has been chosen as the domain of the study, because:
 

! In all three strata, universities, institutes and companies, a large study
population is available.

! It provides a good example of research in an applicational context.
! Ethical (prescription) drug pharmaceutics is the most technology driven of all

industries (see § 1.7.3). 

Biomedical research is defined in accordance with the Dutch Science Advisory Board
(RAWB 1983) as concerned with medical biological studies, for instance into cell and
tissue cultures and animals. Consequently, the biological object, and not the research
method used, accounts for the classification criterion. The link with patient care is
much looser than in clinical medicine and the scientific interest in the biochemical and
physiological background of illnesses prevails. Biomedical research in pharmaceutical
companies is concerned with the study of biological and chemical compounds meant
for therapeutic use. The fast progress in biomedical research has an enormous impact
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on medical care. The increased knowledge of the biochemical and physiological
background of diseases has enabled physicians to provide the patient with a large
spectrum of more effective drugs. Increasingly, research efforts are being put into
more complex therapeutic areas for which no easy solution is forthcoming e.g. cancer,
arthritis and multiple sclerosis. These terrains of research require a degree of sophis-
tication in methodology and scientific knowledge that is unprecedented in medical
history. With the growing impact of biomedical research, the laboratories have
increased in number and size. However, the governmental budget retrenchments, and
the political debate to restrict the medical costs in Europe and the United States, com-
bined with the growing consciousness of the limitations of technological solutions in
medical care, has put clear limitations on the further growth of biomedical research.

In the light of the discussions about the ever increasing costs of medical care, it is
important to note that the total medical research costs (biomedical and clinical
research) are relatively low. In 1994 the total cost of medical research (biomedical,
paraclinical and clinical research) in medical faculties, academic hospitals and health
research institutes accounted for only 1% to 2% of the total medical costs (Ministry of
Health, VWS 1993). Contrary to R&D in general, most medical research is paid for by
the Dutch government. About US$ 300 million is directly or indirectly (via the
Netherlands Organization for Scientific Research, NWO) financed by the Dutch
government, compared to US$ 50 million funded by charitable trusts for research in
specific therapeutic areas (cancer, heart or kidney diseases etc.), and another US$ 50
million by funding based on public health insurance (the Counsel for Medical
Research, RGO 1993 and 1994). In industry, US$ 230 million is spent on R&D, US$ 70
million on research and US$ 160 million on development. Roughly speaking US$ 330
million is spent on research conducted in medical faculties and (academic) hospitals,
US$ 170 million in Health Research Institutes and only US$ 150 million in industry
(Ministry for Economic Affairs, EZ 1993).

In 1987 the relative share of biomedical publications compared to other disciplines,
amounted to 15% above the world average. The relative share of Dutch biomedical
publications in the top 10% of the most cited papers equals the world average (figures
from 1975 until 1982). In recent years many biomedical researchers have become
<cosmopolitans’ (Gouldner 1957). Whereas in 1973 around 10% of the biomedical
publications were based on international cooperation, as is indicated by foreign co-
authorship, this percentage had risen to 20% in 1987. Only in traditionally interna-
tionally oriented sciences, such as astronomy, physical geophysics and mathematics, is
the percentage of foreign co-authorship higher (Heeringen en Langendorf 1988).
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  In addition to these 13 universities an Open University focusing on distance learning ,1

seven theological and one private university are also situated in the Netherlands. 

1.7.1 Universities

Thirteen universities  are situated in the Netherlands, which together educate about1

165,000 students. The universities can be classified as seven traditional and six
specialized universities. The traditional universities teach the whole spectrum of
research and the specialized ones concentrate on a limited number of research fields
(for instance, agriculture, economics or technology). There are ten state universities
and three (two traditional and one specialized) Christian universities. For a good
understanding of the Dutch situation it must be remembered that the large variation in
quality, funding and orientation which can be found in the USA does not exist in
Holland. All Dutch universities are publicly financed, operate under the same
conditions, and have, within boundaries, the same access to funding.

In Dutch universities, the scientific staff spends in total nearly 14,000 full-time
equivalents (ftes) on research. A substantial portion of this research, more than 3,000
ftes, is carried out in medical research. In this study, only those universities in which
biomedical research is carried out are analyzed: the seven traditional and one
specialized university. In these universities biomedical research is carried out in
medical faculties and/or academic hospitals. At the research unit level the research is
carried out in preclinical, paraclinical and clinical units. In preclinical units (such as
medical cell biology and medical physiology) no direct contact with patients exists.
Often the research is carried out by biologists and biochemists. In paraclinical units
(advising and diagnostic testing, e.g. anthropogenetics and clinical immunology) the
relationship with patients is of an advisory nature. Consequently, more physicians are
working here than in preclinical units. In clinical units (such as clinical endocrinology
and clinical neurology) clinical practice is the predominant task.

The percentage of university research that is financed by the Dutch government has
decreased over the years. Whereas 87% of Dutch medical university research was
publicly financed in 1977, this percentage gradually decreased to about 60% in 1992
(Van Dijk et al. 1993). It must be considered, however, that the 40% external funding
also includes a number of research activities which are indirectly financed by the
Dutch government, such as research grants and contracts conferred by governmental
agencies and the European Union (EU). At the end of the 1980s the Dutch government
tried to secure high-standard research from budget retrenchments by concentrating it
in separate Graduate (Research) Schools. At the moment about 100 Graduate Schools
in different scientific areas are found. Two of those are specifically oriented towards
drug research (GUIDE, the Groningen Utrecht Institute for Drug Exploration and the
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Leiden/Amsterdam Center for Drug Research). In these Schools, research departments
from different universities and institutes work together, under direct responsibility of
their respective university boards (Advisory Board for Science and Technology Policy,
AWT 1994, the former Dutch Science Advisory Board, RAWB). Another development
in the 1980s was the foundation of special Expertise Centres, expensive research faci-
lities, such as a Centre for Computer Assisted Organic Synthesis/Computer Assisted
Molecular Modelling (CAOS/CAMM) or a Centre for Laboratory Animals, which are
financed for a limited period of time by the Dutch Government. After this period the
Expertise centres should have generated enough contract research to become indepen-
dent. It must be feared that part of these institutions will show only limited survival
capacity, because they are governmental initiatives, with only weak foundation in the
academic world. Until recently most of the Expertise Centres have not generated
enough external funding to become self-supporting (van Dijk 1993).

1.7.2 Institutes

In the course of this century a number of research institutes have been founded by the
Dutch government or by governmental and private agencies. These institutes have as
their objective, to conduct research into specific areas of industrial or social signi-
ficance. This can range from basic research in institutes closely linked to universities
(para-university institutes) to contract research for government and industry. 

There are 22 para-university institutes in the Netherlands, with a total budget of about
US$ 100 million (Van Dijk et al. 1993). They are closely related to universities:

! they are often situated on the university campus,
! university professors are appointed to the institute,
! many graduate and PhD students work in these institutes. 

Until recently some of the para-university institutes were administered by the Ministry
of Education and Sciences. These days, all the para-university institutes are administe-
red by either the Netherlands Organization for Scientific Research (NWO) or the
Royal Dutch Academy of Science (KNAW). Two para-university institutes
participated in this study, both falling under the governance of the Royal Dutch
Academy of Science, and with a research budget of US$ 2.5 to US$ 3 million each. 

There are 7 research institutes working on a not-for-profit basis in the Netherlands,
with a total budget of more than US$ 700 million in 1992 (van Dijk et al. 1993).
Although it is not the main objective of a not-for-profit organization to make profit, it
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has to prove itself on the market by gaining earnings out of contracting activities etc.
This is in contrast to non-profit organizations, such as hospitals and schools (Hofstede,
1981). Most of these not-for-profit institutions work in fields of expertise which
require large investments, such as a nuclear power reactor, a wind tunnel or a large
water basin. The main objectives of these institutes are to maintain an infrastructure in
science and technology, to increase the innovative ability, and to improve the inter-
national competitive position of the Dutch industry. The tasks of these institutes range
from agricultural research to research for the aviation and spacecraft industry. One
not-for-profit institute is examined, with a research budget of about US$ 30 million
(RGO 1994).

There are 18 research institutes which are part of different government ministries.
Although they are involved in contract research, their main task is to prepare and
support departmental policy. Because of their close links with the ministries, their
independence is sometimes questioned (AWT 1991). Because it is difficult to obtain
separate data the one institute which is involved in biomedical research, could not be
examined in this study. In health care especially, there are independent research
institutes working in certain therapeutic areas, such as cancer, which are (partly)
dependent on private funding, or which rely on the distribution of and control over
vital medical products, such as blood. The two medical institutes are analyzed, with a
research budget of US$ 12 and US$ 22 million, respectively (RGO 1994).

1.7.3 Companies

Because the pharmaceutical laboratories in this study are situated in several countries
in the EU, it would not be relevant to discuss the Dutch situation separately. Therefore,
in this paragraph a global overview is given of industrial pharmaceutical R&D.

The pharmaceutical industry is exceptionally technology driven. It is very reliant on
the continuous flow of new pharmaceutical products. The profitability, and, ultimately,
the long-term survival of the firm depends on the maintenance of a competitive
position. In turn, the competitive position is strongly influenced by the rate of
innovation. High barriers for entrance of new competitors (Porter, 1985) are raised by
a constant stream of new drugs, by improvement of existing drugs, and by their use for
an expanded range of symptoms. A recent study by Capron (1994) comparing 135
companies in 10 high-technology industries, under which 22 branded ethical drug
firms, indicates that the branded ethical drug industry attains both the highest short-
term and long-term return on R&D investment. He concludes that the competitiveness
of pharmaceutical enterprises, both in market share and demand from customers,
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  (1) compounding and dispersion of ingredients; (2) granulation and coating; (3) tab -1

leting or encapsulation; and finally (4) the packaging of the tablets or capsules

  Reuter, March 20 1995.2

depends heavily on their technological performance. 

Patents are a highly significant form of resources control, and thus a very important
source of market power for the companies holding them, because the active compounds
of the drugs are often easy to imitate by competitors (except, for instance, for synthetic
hormones). For the same reason, manufacturing equipment can often be used for the
production of many different drugs. In this sense, the process aspects of the drug
industry shares many facets with non-related industries relying on the inclusion of
active substances , such as toiletries and cosmetics (Taggart, 1993). Only the1

differentiation in dosage form, together with the stringent quality requirements regard-
ing purity and lack of contamination, make the process aspects more complicated.
Nevertheless, it is not surprising that pharmaceutical companies often diversify into
these industries. 

The ethical drugs industry can be characterized by the following features. A relatively
small number of large pharmaceutical companies is surrounded by a multitude of small
sellers. In 1986 only 270 larger pharmaceutical companies could be counted out of
2,757 firms. (Chew et al. in Taggart 1993). Gross (1983) estimates the number of
really innovative pharmaceutical firms not higher than 30 to 35. Until recently, the
ethical drug market was highly segmented. In 1988 the top-ranked company Merck &
Co. had a market share of just 3.9%, and 76% of the firms had a market share below
1.9% (EZ 1993). In recent years a clear tendency towards concentration has been
observed. Thirtyseven percent of the world market today is held by the top ten firms
against 24.9% in 1988. It is expected that the top ten firms will control 60% to 70% of
the pharmaceutical market before the end of this century. Based on 1994 figures, but
assuming the completion of recently announced mergers, Glaxo Wellcome is market
leader with 6%, followed by Merck & Co. with 4.9%, Hoechst/Marion Merrell with
4.7% and American Home Products with 3.8%. The precise logic of mergers and
acquisitions varies from case to case. Sometimes the overriding consideration is cost
rationalization, as with the mounting take-over of Wellcome Burroughs by Glaxo.
Other considerations are the spreading of the ever increasing R&D costs over a larger
basis, as in Roche Holding's purchase of Syntex. For other companies the desire is to
step into a certain geographic market, such as Hoechst's planned purchase of Marion
Merrell Dow, or to enhance a key technology, as with Ciba Geigy's stake in the
biotechnological company Chiron (Tracey, 1995 ). Pharmaceutical companies also try2

to lower the level of competition by joint ventures (for instance DuPont-Merck) and
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  The Economist, May 7 1994, p. 70-71 and Time, May 16 1994, p. 51.1

strategic alliances. The fierce competition has caused that the branded ethical drug
companies are increasingly stepping into the markets of generic drugs, over-the-
counter drugs, and diagnostics, as well.

There is a clear tendency in the whole Healthcare system to shorten the line from
producer to the final consumer, for instance drug distributors are increasingly trying to
bypass the pharmacies. In line with this tendency, pharmaceutical companies try to get
hold of the distribution system by building up <mega-corporations’ (Jones, 1995 ),1

focusing both on pharmaceutical products and wider aspects of Healthcare. The recent
take-overs of the drug distributors and drug purchasers for their managed-care
customers, Medco Containment Services and Diversified Pharmaceutical Services
(DPS) by Merck & Co. and SmithKline Beecham are examples of this tendency.
SmithKline Beecham has also announced a strategic alliance with United HealthCare
(the former DPS's parent), which owns a chain of American Health Management Or-
ganizations (HMOs), firms that supply comprehensive health services to patients for a
flat fee. United HealthCare's database should help SmithKline Beecham to study the
medical effects and the cost effectiveness of its drugs. Pharmaceutical companies are
also preparing to promote and market their drugs directly to the patients by setting up
health education campaigns and health information telephone lines, because direct
promotion of drugs is often forbidden. Genentech, for instance, has set up a foundation
for cystic-fibrosis patients to get information about their disease in the USA .1

The customer function of the pharmaceutical industries can be regarded as divided into
three different entities: the consuming patient, the prescribing physician, and the
paying agency. For this reason a huge and differentiated marketing effort is needed,
bringing the brand name to the attention of the prescribing physician, convincing the
patient of the quality of the product and negotiating with the health insurance
companies and governmental agencies over the extent of the reimbursement. There is
an indication that the authority of the prescribing physician is diminishing.
Governmental regulatory agencies, insurance companies and HMOs are increasingly
taking over control of prescription. The concentration of bargaining power in the
hands of the insurance companies (in the Netherlands in the KLOZ) and the plans for a
profound revision of the system of reimbursement of medical costs are important
threats for the pharmaceutical industry (Snier 1995). 
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1.8 CONCLUDING REMARKS

This chapter has provided the research methodology, the research questions and a
broad overview at the study domain. Basic research, applied research and experimental
development have been described as performed in universities, institutes and company
laboratories, and as parts of the industrial innovative process. A factual overview of
Dutch R&D in general, and biomedical research in universities and research institutes
in particular, has been combined with a global overview at industrial pharmaceutical
R&D. In the next chapter the structure and behaviour of research organizations will be
described, using the concepts of systems theory.





CHAPTER 2

STRUCTURE, BEHAVIOUR AND CONTROL
IN RESEARCH ORGANIZATIONS

This chapter concentrates on structure, behaviour and control in universities, institutes
and companies. It starts with a short outline of the concepts of systems theory, which
underly this study. The contingency theory and Mintzberg's typology of organizations,
which are based on these concepts, are used to describe the structure and behaviour of
the organizations. Following this, the systems theory of control is introduced, based on
the paradigm of control as defined by De Leeuw (1990). In the succeeding paragraph a
description of the three strata, universities, institutes and companies is given. This
chapter ends with a general overview of the relative strengths of the different system
variables in the strata, based on the theoretical considerations presented.

2.1 DESCRIPTION OF SYSTEMS

The starting-point of the systems theory is that reality can be viewed as a (multitude
of) system(s). De Leeuw (1990) describes a system as a collection of parts (entities,
elements, or objects) with certain attributes, and the relations between them. An entity
may be a person, a place, a thing, or an event. A system can refer to different aggrega-
tion levels in organizations, such as a department, a project team, a research institute,
or a network of cooperating universities, institutes and companies. As a consequence,
the entities in a system can be diverse: e.g. the individual researchers in a university,
staff members from R&D, marketing and production in an industrial project team, or
the different research departments in an institute. A system can be divided into part-
systems: sub-systems, aspect systems, and phase systems. Sub-systems are taken from
the original system by concentrating on a sub-set of the elements. For instance, if a
university is defined as the system, a university department can be a sub-system.
Aspect systems concentrate on a sub-set of the relations, for instance, the information
flow or the power relations between different university departments. A phase system
is studied continuously or periodically over a longer period of time, for instance for
purposes of long range planning.
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  By using this metaphor, the open systems theory comes close to chaos theories. These1

are mathematical theories about system states depending on nonlinear feedback loops o r
other recurrent behaviour patterns. Under certain conditions, these patterns may lead to a
stable system state. Systems may circle between two or more definite system states, o r

2.1.1 Systems and their Environment

Anything external to the system is considered to be part of the environment.
Depending on the level of controllability from within the organization, the envi-
ronment can be divided into the remote (or general) and the operational (or task)
environment (Pearce and Robinson 1988, and Daft 1992). The remote environment
consists of the economic, political, social and technological factors which affect all
organizations, although not in the same way or to the same extent. Changes in the
remote environment can be anticipated, but they cannot be controlled by any of the
organizations individually. The operational environment, on the contrary, consists of
those factors which interact directly with the organization and have a direct impact on
the organization's ability to achieve its goals. Examples are suppliers, customers, and
competitors in industry, or research groups in universities and institutes, competing for
scientific credibility in the same research field. In recent decades, especially, universi-
ties, institutes and companies have been confronted with ever faster changing
environmental conditions to which they must (reactively or proactively) respond. For
instance, pharmaceutical companies are facing pervasive international competition and
increasing regulatory pressure to improve the therapeutic efficacy and safety of drugs.
Universities and institutes are confronted with budget retrenchments, a decreasing
number of students because of demographic changes, and the pressure to improve
market orientation. 

Systems are separated from the environment by boundaries (see exhibit 2.3). In order
to continue to adapt and to survive, organizations must be able to import people, raw
materials, and information through their boundaries from the environment (inputs),
and in exchange direct their finished products, services, or information back to the
environment (outputs). Controlling the boundary conditions plays a very important
role in systems thinking. As Koehler (in Emery, 1972, p. 9) states: <the primary task of
management is to manage the boundary conditions of the enterprise.’ System
boundaries exist on a continuum from extremely permeable to almost impermeable.
Open systems have permeable boundaries, interactions of many kinds with the
environment occur. Open systems are dynamic, parts of the system constantly change
as they interact with themselves and with the environment, and the system evolves
over time. Systems researchers use the following metaphor to reflect the dynamic
character of these systems: <It is like playing a game in which every move changes the
rules’ (Birnbaum 1988, p. 35) . Most research departments in uni1
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even between an infinite number of system states, for more about chaotic behaviour, se e
Peitgen and Richter, 1986.

versities, institutes and companies can be considered as relatively open systems. There
is a continuous flow of information, both within the department and to and from the
environment. For instance, PhD students present their latest results in frequent
research meetings, while senior and junior researchers together try to integrate this
knowledge into (new) models and theories. At international congresses and workshops,
the researchers share their insights and views with the scientific community,
generating new ideas for future research. At the opposite end of the continuum closed
systems are found. For instance, a pharmaceutical company will try to screen off the
information about a promising NCE (New Chemical Entity), for which a patent has not
been submitted, yet, in order to avoid putting a competitor on the trail. The same
situation can occur if a real scientific break-through is made in a highly competitive
research field in universities. In the time span that it takes for the additional
experiments to be conducted to get the conclusive evidence for the claim, the external
communication will be reduced.

Box 2.1

Screening off strategic scientific information is sometimes difficult, even
in industry, as can be shown by the following example. In 1973 Dr J.
Black, Nobel Prize winner and distinguished researcher at the
pharmaceutical company SmithKline & French, held a lecture for a
scientific audience in Hatfield Polytechnic. In this lecture Black revealed
that the research of his group had shown that histamine was a
physiological controller of acid secretion, which at that time was thought
to induce ulcers. A chemical compound which would inhibit histamine
would thereby also block the development of ulcers. Two researchers
from Glaxo, who were in the audience, now knew what to look for. They
did not win the race, and in 1976 SmithKline & French launched the
anti-ulcer drug Tagamet. However, guided by the information from
Black, in the same year Glaxo Research discovered raditidine, the
active substance of their anti-ulcer drug. In 1981 it was launched under
the name Zantac. By now, Zantac has become by far the world's best
selling drug, while Tagamet has dropped back (Lynn 1991).

2.1.2 Tight versus Loose Coupling
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In order to understand how the various elements and sub-systems within a system
interact, it must be considered how they are connected or coupled. Coupling can range
from tight to loose. Conceptually, they can be differentiated by two criteria: the extent
to which sub-systems have shared variables between them and the extent to which
these variables are important to the sub-systems. If the sub-systems have many
components in common, and if those elements are among the most important, the sub-
systems are likely to be relatively tightly coupled, and changes in the one should
produce clear changes in the other, the relation is deterministic (Ashby, 1956).
Examples of relatively tight coupling between sub-systems can be found in industry.
The R&D process can be viewed as a continuous flow of learning loops in which the
information obtained by one department can be used by the next department in a
concurrent way (see chapter 1). For instance, the information obtained by a
pharmaceutical discovery department about a new NCE will serve as the input for a
pharmaceutical development department. Clinical knowledge about the possible side-
effects of new drugs obtained by clinical development can serve as input for marketing
and sales, whereas the information obtained through the marketing process about
population trends and therapeutic demands may serve as an input for R&D. 

The relations in a loosely coupled system are uncertain, there are discontinuities in the
way the sub-systems are connected. Compared to industry, research departments in
universities are loosely coupled. Most researchers have only a vague knowledge about
the work of their colleagues in neighbouring departments. Loose coupling has been
attacked as merely a slick way to describe waste, inefficiency, or indecisive leadership
and as a convenient rationale for the crawling pace of organizational change. It has
been argued that if coupling were tighter, the organizations would achieve
predictability, would better control their processes and by doing so, would better
achieve their goals (Lutz 1982). Loosely coupled systems do have additional costs, as
sub-systems may be uncoordinated and in conflict with each other. Furthermore, loose
coupling makes it difficult to <repair’ defective sub-systems, and to use management
processes to effect change. But loose coupling also has significant benefits. Having
partially independent and specialized organizational elements increases the adaptive
ability to changing environmental demands in the organization as a whole. It makes it
possible to seal off ineffective departments, localizing their failures. For instance,
university departments whose research fields have become obsolete, and in which
student interest has diminished over time, can be decreased in size, whereas adjacent
departments in new research fields with substantial student interest (like immunology
or molecular biology) can grow rapidly. To withstand environmental disturbances,
Galbraith (1973) suggests introducing <slack’ into the strict organization.



Theory40

  Maturana and Varela (1984) use the term autopoiesis to refer to the fact that organisms1

proactively select and create their own environment. In analogy to autopoiesis in orga -
nisms, Varela suggests the term autonomy for use in organizations. Autonomous organiza-
tions are geared to maintaining their own identity by ignoring or proactively counteracting
fluctuations in the environment. 

2.2 CONTINGENCIES

The basic idea of the contingency theory is that the internal structure of an
organization is mainly dependent (contingent) on the following dimensions (De
Leeuw, 1990):

 !  the environment,
!  the technology or task, 
!  the strategy and goals. 

The first two dimensions are thought to pose the greatest degree of uncertainty for an
organization. These uncertainties may concern the choice of the goals to be pursued,
the alternative actions to achieve these goals, and the predictability of the outcomes.
Burns and Stalker (1961) observed that organizations adapt to their tasks and
environment, which may be more stable or more turbulent. Some organizations may
live in a rather homogeneous world, while others are constantly confronted with new
and unexpected problems. Resources may be scarce, scattered and difficult to grasp for
some organizations, or clustered and easy to obtain for others. A more turbulent
environment requires a system with higher adaptive ability. So a more loosely coupled
system would probably give the best results in this situation. While, in contrast, in a
stable environment a more tightly coupled system, with a high level of control, would
probably perform better. In the terms of Burns and Stalker (1961): unpredictable
environments, that require innovation-oriented production, need organic organizations,
while stable markets, requiring efficient production of standard products, need
mechanistic forms of organization. In the classical contingency theory, organizations
merely react on disturbances in the environment, leaving no room for proactive man-
agement . Child (1973, 1974) meets this problem by introducing a degree of choice re-1

garding the environment, technology and internal structure (constrained choice).

In order to be effective also sub-systems within the organization should adapt to the
characteristics of their specific sub-environment (Lawrence and Lorsch 1967). That is,
simple sub-environments call for simple uniform internal processes and structures,
while complex sub-environments call for complex processes and structures. This may
not only lead to a differentiation in tasks between sub-systems, but also to a differenti-
ation in goals. With the introduction of the sub-system idea, two new variables are



Exhibit 2.1 THE CONTINGENCY MODEL FOR ENVIRONMENTAL UNCERTAINTY AND
ORGANIZATIONAL BEHAVIOUR AND STRUCTURE

low uncertainty low-moderate uncertainty

source:
Daft 1992
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  Note that the concept of <fit’ is based on the same powerful, but circular, reasoning on1

which the famous adage in evolutionary biology <survival of the fittest’ is based. Wh o
survives? The fittest. How do we know that they are the fittest? Because they survived. 

introduced: differentiation in the organization as a whole, and integration which is
needed as a result of this differentiation. Woodward (1965) found that organizational
structure is also dependent on the production technology, and that the effectiveness of
the organization depends on the <goodness of fit’  between technology and structure,1

which in a broader sense is depicted as the technological partsystem. Understanding
the technological partsystem is critical, because it describes the characteristic way in
which inputs are transformed into outputs. It can differ in terms of complexity (the
number of elements an organization must simultaneously deal with), uncertainty or
unpredictability (the uniformity of elements on which work is carried out and the
ability to predict the outcomes of work), and the interdependency (whether work
processes are interrelated). Daft (1992) integrates these findings in the following
contingency model for environmental uncertainty in relation to organizational
structure and behaviour (see exhibit 2.1).
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2.3 MINTZBERG'S TYPOLOGY OF ORGANIZATIONS

In <The structuring of organizations’ Mintzberg (1979) has attempted to synthesize the
concepts of the systems theory concerning behaviour and functioning of organizations.
He made a useful classification of organizations on the basis of their structure. In
accordance with the systems theory he defines structure in a broad sense as: <the sum
total of the ways in which an organization divides its labour into distinct tasks and
then achieves coordination among them.’ In this definition, organizational structure
refers to the structure of individual positions, patterns of communication, planning
procedures, systems of information flow and control systems. Mintzberg defines the
structure of an organization as composed of five coordinating principles, five basic
organizational parts, and four sets of design parameters and contingencies. The ele-
ments of structure together can be clustered into six structural configurations
(Mintzberg 1983):
 

! the simple structure, 
! the machine bureaucracy,
! the professional bureaucracy,
! the divisionalized form,
! the adhocracy,
! the missionary form.

Because these configurations are so well-known, they are not discussed in the scope of
this book. In § 2.5 they are used to describe the structural differences between
universities, institutes and company laboratories.

Bresser and Dunbar (1986) have shown that the contingencies defined by Mintzberg
are useful tools in relating organizational structure to performance and effectiveness in
research environments. Therefore the following contingencies are chosen to analyse
the differences between the organizations in each stratum:

! the history related variables (organizational age and size),
! the technical system characteristics (regulation and sophistication),
! the environmental variables (stability, complexity, diversity and hostility),
! the power (human interest) variables (ownership, external power, power needs

of individuals etc. and fashions).

2.4 THE SYSTEMS THEORY OF CONTROL



Exhibit 2.2   A CONTROL SITUATION

source: De Leeuw 1990
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The systems theory of control starts from the assumption that a system can be des-
cribed as a network of different control situations in which the elements (participants,
departments etc.) can take different positions depending on the level of aggregation. It
enables the analysis of organizational phenomena from several contrasting or
sometimes even conflicting points of view. A control situation in its most elementary
form is presented by a controlling system (CS) that exerts goal oriented influence on a
target system (TS), while the environment affects both partsystems (see exhibit 2.2). 

In management practice, control is often narrowly defined, embracing only monitoring
and correcting (often used in financial terms to mean budget control). However, the
systems theory of control originates from a much broader paradigm: <any way of
(goal)-directed influence’ (De Leeuw, 1990). The paradigm of control enables its
application to a variety of forms of directed influence, such as power processes,
teaching, convincing, organizational learning, and changing the organizational struc-
ture. It also implies that the process of management cannot be equated with the
activities of the manager. Although in most situations managers do dominate this
process, in principle all organizational members participate. In the case of extrinsic
control, control is exerted almost exclusively by management. In the case of intrinsic
control, in contrast, for instance in participative project groups, the control consists of
the self-regulating activities of group members. According to Weick (1979), much
mismanagement in organizations emerges from the failure to acknowledge these
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sources of self-control, leading to managerial interventions which disrupt the self-
regulating capacity. 

This broader view of control enables two, formerly separated, approaches to be
combined, the system-technical and the socio-dynamic approach. While the system-
technical approach mainly concentrates on the information and communication aspects
of control (such as phasing and structuring of research projects, setting of targets in
terms of time, money and specifications, e.g. Twiss 1993), the socio-dynamic approach
regards control primarily as a problem of leading and organizing people to achieve the
objectives of the organization. Researchers, studying human behaviour in
organizations, have repeatedly pointed to the lack of effectiveness because social
and/or human factors had not been taken into consideration when designing the system
(Benders et al. 1994). Fisscher (1991) emphasises that for management control to be
effective system-technical and socio-dynamic approaches (such as informal exchange
of information, and leadership aimed at motivation and commitment) should be
combined. In this study the attention will be directed towards control exerted by the
management, in short management control. It aims at the establishment of an optimum
mix of system-technical and socio-dynamic factors for effective control in research
organizations.

The distinction, first made by Etzioni (1964), between administrative and professional
authority is also important in this study. Whilst administrative authority is based on
control and coordination of activities by superiors, professional authority is based on
autonomy, individual specialized knowledge and judgement in one or more pro-
fessional areas. Researchers are among the best examples of experts relying on pro-
fessional authority.

2.4.1 The Requirements for Effective Control

The attributes the controlling system should possess to achieve effective control are
condensed in the following requirements for effective control (De Leeuw 1982):

! The controlling system should specify goals for the target system, which may
or may not be constant in time or stated explicitly. The minimum requirement
is that there exists some mechanism for evaluating the structural changes
introduced by the controlling system. 

! The controlling system should have a model to predict the possible effects of
the control measures, or should at least have a good understanding of the
target system.
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  In a later publication De Leeuw (1990) enlarged on this point by adding the re -1

quirement of sufficient information processing capacity. 

! The controlling system should have sufficient information about the state of
the system and the environmental influences, and embrace the means for
acquiring and updating this information .1

! The controlling system should have enough measures of control at its disposal
or the system must encompass enough degrees of freedom to cope with
possible environmental and system disturbances. As stated in Ashby's law of
requisite variety: <only variety can destroy variety’ (Ashby, 1956).

However, effective control does not solely depend on the controlling system, but
equally on the target system. Only if there is a good balance between the control
capacity of the controlling system and the controllability of the target system can
effective control be achieved. To use the analogy of the car and the driver, if the
brakes are broken, even a perfect driver may have an accident. A bad driver may have
an accident, even if the car is in perfect condition. Therefore, it is stressed that the
requirements for effective control are necessary but not sufficient to achieve effective
control. An additional point to be considered is that the different requirements for
effective control do not counterbalance each other. For instance, a shortage of
information handling capacity is not compensated by a greater number of control
measures. In chapter 5 the requirements for effective control will be used as a check-
list for the completeness of the variables used in this study.

2.4.2 Feedback and Feedforward Control

Feedback and feedforward control are both forms of system control. Exhibit 2.3 shows
how system outputs are used as feedback to compare actual performance to goals. This
in turn helps to reformulate the input. For instance, if a pharmaceutical company
discovers that relatively few drugs of their brand are prescribed in a certain region, it
can intensify the number of face-to-face contacts of the sales force with the physicians
in that region. However, the ideal system is one that, to a certain extent, self-corrects
or self-regulates, so reactive decisions are not required. In feedforward control the
management monitors possible disturbances in the system or the environment, and
tries to anticipate the problem before the disturbances actually occur. It requires the
replacing of thinking in terms of linear chains of cause-effect relationships, with one
of interactive and reciprocal loops. These loops can either be amplifying and
reinforcing or self-correcting and stabilizing (buffering). The interaction of two or
more amplifying and stabilizing loops can be described as a <cause map’ (Weick 1979).



Exhibit 2.3 SYSTEM OUTPUTS SERVE AS FEEDBACK THAT COMPARES
PERFORMANCE TO GOALS

source: Kendall and Kendall 1988
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In box 3.1 (pg. 76) an example of such a cause map is given for university research. 

Of course, cause maps oversimplify the complicated relationships between the
elements in the circles of interaction, but are more accurate than showing either loop
alone. Cause maps can aid the identification of the relevant variables, the looseness or
tightness of their coupling, and their relative importance. But even when the critical
variables are simple and the relationships are clear, predictions of organizational
outcomes can never be certain. Even if the model is complete and correct, the fact that
dynamic systems are always changing and never look exactly alike still make it
impossible to accurately predict the consequences of changing any single element.
Therefore, thinking in loops of interaction is a way of developing a model of
management thought. Such models may help to suggest that things may be more
complex than they appear and prevent us from expecting simplistic solutions to be ef-
fective. Thinking in circles can make management more effective by considering the
possible side-effects of management measures in advance. In addition, the results
presented in this study must be considered in the light of the interactive and reciprocal
character of cause-effect relationships. The point at which we break into the cause-
effect loop and separate one from the other is often arbitrary. Therefore, no cause-
effect relationships can be identified with certainty in a cross-sectional design.
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2.5 UNIVERSITIES AND INSTITUTES
 
In this paragraph the structure and control situation in universities, institutes and com-
panies, and the environmental and organizational constraints in these organizations
will be discussed on the basis of the contingency theory, Mintzberg's typology of
organizations and De Leeuw's paradigm of control. In the next paragraph the
pharmaceutical companies will be described.

2.5.1 Mintzberg's Typology

Mintzberg (1979) classifies universities, research institutes and hospitals, together
with law and accounting firms, as professional bureaucracies, for the following
reasons:

! Standardization through training: university and institute researchers
obtain their knowledge and skills through extensive training during their grad-
uate and PhD studies.

! Degree of task specialization: in universities and institutes an unusually high
degree of task specialization exists. It is often difficult for researchers to fully
understand the research of colleagues in other departments. 

! Horizontal decentralization: because of the high degree of task speciali-
zation, especially in universities, the operating core is divided into relatively
small and independent research units of professionals. Therefore, academic
research can be considered as relatively small scale research, in general (Jain
and Triandlis, 1990). 

! Vertical decentralization: in universities the power over many decisions,
both operating, tactic and strategic, has flowed to the professionals at the
operating core.

! Relatively small technostructure and large support staff: Because planning,
organizing and training are carried out in the operating core, a technostructure
is hardly present. The administrative support staff (for instance the legal, per-
sonnel, and economic departments) is rather large in order to back up the
professionals. In academic hospitals the horizontal decentralization has gone
so far that a hospital can be looked upon as a holding company: a federation
of quasi autonomous units of medical specialists. Furthermore, academic
hospitals are more complex in their bureaucratic features than other parts of
universities, because of the extra logistic problems of patient care. Therefore,
a larger technostructure is generally found in academic hospitals than in other
parts of university.
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Contrary to universities, institutes are much more vertically integrated. The strategic
apex (the Directorate of the Institute) has much more directive power than the
university board. Because of this higher vertical centralization, in principle larger re-
search projects, integrating more disciplines, can be carried out in institutes. Some
very large institutes with a number of subsidiaries, often in different cities, can be
regarded as divisionalized forms of professional bureaucracies. In this kind of institute
the head office conducts output control over the subsidiaries.

2.5.2 Environmental and Organizational Constraints

Many factors have increased the pressure on universities and institutes. Some of these
factors have arisen from the interaction with the environment and others from factors
within the institutions themselves. Environmental constraints include increasing
governmental control combined with budget retrenchments. Universities also suffer
from the declining birth rate in industrial countries, which leads to fewer applicants.
Consequently, universities show greater responsiveness to the student market. After a
period of tremendous growth in the late 1960s and the 1970s, when the number of
students increased rapidly and the university budgets went up accordingly, the
situation changed dramatically in the 1980s. Rising governmental deficits, due to an
over-ambitious task package, led to large budget retrenchments. Student numbers
ceased to expand and university budgets were reduced. Under the rationale of the need
for public accountability, governmental control increased tremendously, incorporating
central procedures for budgeting, planning and administrative operations. The primary
tasks of universities were also evaluated. Strong pressure was put on universities to
increase the research output in terms of papers and improve the educational pro-
gramme. Far-reaching decisions were taken regarding the closing down of research de-
partments or even whole areas of research and education. 

In contrast with the general opinion in management literature (e.g. Cohen and March
1974), Mayntz (1985) considers the external environment of research institutes as
more hostile than that of universities. Contractors want measurable results for their
invested money. Therefore, the pressure for centralization and account formalization is
stronger than in universities. The directors of such institutes, when asked, indicated
that they spend, on average three quarters of their time outside the institute. A large
part is spent on formal and informal contacts with (potential) contractors and funding
agencies. Mayntz concludes that institutes which mainly rely on contract research, are
particularly unstable. Because the projects have to be finished in a limited time span,
continuity, both thematically (programmatic homogeneity) and in relation to work
load, is often difficult to achieve. Therefore, when in the 1960s and the 1970s their
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structural budgets increased, many institutes gradually cut down their contract
research activities. In the 1980s, and especially in the 1990s, the economic and
political pressure increased for them to become more financially independent, more
commercial in operation, more accountable, and to adopt more business-like principles
and practices (Hill and Turpin 1994). Because the differences between a publicly
funded and a market-oriented research institute are substantial (for instance the
scientists have to give up part of their autonomy for a more commercial orientation) it
is not surprising that this re-orientation is difficult and therefore proceeds slowly. 

2.5.3 Management Control

Several authors have stressed that university monitoring devices are extremely
underdeveloped. Cohen and March (1974) describe universities as <organized
anarchies’ characterized by ambiguity of goals and fuzzy (<garbage can’) decision-
making. Keller (1983, p.5) describes the management control situation in universities
as follows: <they constitute one of the largest industries in the nation but are among
the least businesslike and well managed of all organizations.’ The main reasons for
this observed lack of control can be found in:

! the democratic decision structure,
! the friction between administrative and professional control,
! the difficulty of measuring university performance. 

A democratic structure was introduced into Dutch universities at the end of the 1960s,
replacing a more hierarchical structure in which only professors had formal authority.
In the new set up all staff members and students could send representatives to the
boards and councils of the university down to and including the department level. The
mixed composition of the boards and councils caused a lot of friction, based on real or
putative conflict of interests. This, together with the frictions between the boards and
councils at the different organizational levels, has diminished the decision-power in
universities. A sign of a tendency to improve the governing structure may be the
measure taken by one of the universities to reduce the number of university board
members and appoint full-time managers instead. Only the councillor is a professor,
while the chairman and the other members of the board are professional managers. It is
possible that, due to the above-mentioned friction between professional and
administrative authority, the over-representation of managers in the university board
could become problematic in the case of conflicts. This may partly be anticipated by
appointing managers with a strong scientific background. 
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The increased complexity of universities has led to a vigorous growth of the adminis-
trative staff. The administrative staff grew even further, both in size and importance,
when the universities responded to the governmental pressure with increased adminis-
trative centralization. This was due to requirements to rationalize budget formats,
implement procedures that will pass judicial tests of equitable treatment, and speak
with a single voice to powerful external agencies. The increasing number and
importance of administrators lead to the <administered university’ (Lunsford first used
this term in 1970, p. 91). Because the administrative tasks are relatively simple and
easy to monitor, compared to the professional tasks, a parallel hierarchy emerged, one
conventional top-down hierarchy for the support staff and a bottom-up one for the pro-
fessionals. This <living apart together’ of two different control systems, an adminis-
trative alongside a professional control system (dual control system, Birnbaum 1988),
is potentially frictious. As the governmental pressure increased, the two hierarchies
became alienated from each other. In the mind of the professionals, the administration
became identified with <red tape’, constraints, and outside (governmental) pressure, far
removed from central academic values. In the words of Thomas (1983 pp. 169, 172)
<The function of the administration is solely to see that the funds are adequate for its
purposes and not overspent, that the air is right, that the grounds are tidy- and then to
stay out of its way . . . A good university doesn't need to be headed as much as to be
given its head, and it is the administrator's task -not at all an easy one- to see that this
happens. The temptations to intervene from the top, to reach in and try and change the
way the place works, to arrive on one's desk each morning with one's mind filled with
exhilarating ideas for revitalizing the whole institution, are temptations of the devil
and need resisting with all the strength of the administrator's character.’ In the mind
of administrators, on the contrary, faculty members are self-interested, unconcerned
with control and unwilling to respond to legitimate accountability requests. The budget
retrenchments themselves forced the faculty members to look around for additional
funding. If they were successful this resulted in a decrease of dependency on the
faculty administration.

Another problem is the difficulty encountered in measuring performance in
universities. Graduate education is conducted in a classroom alone with the students.
The results of research are only visible after several years, when the first papers and
reports are published, and the long-term impact is unknown for even longer. These
time-lag problems are also significant for this study. Therefore, several indices,
covering different aspects of research performance, are used. By converging these
separately imperfect measures, a more valid assessment of research performance is
reached.

Especially in contract research institutes, where the performance is more measurable
than in universities, administrative authority may be dominant over professional
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authority. Many authors prefer clear and straightforward administrative authority over
unclear and fuzzy professional authority, and therefore the control situation of
institutes is often referred to as a model for universities. Puts's (in de Bie et al. 1983)
advice to Dutch university administrators, to learn from the <goal oriented
management’ in institutes, is also based on this idea. Nevertheless, he observed a
number of problems, most of them emanating from the absence of a market orientation.
The continuous reorganizations occurring in most of the research institutes indicate
how severe these problems are. He mentions: 

! the absence of competitor relations,
! competitive forgery, because the indirect costs are not calculated,
! no clear performance measures. 

2.6 COMPANIES

2.6.1 Mintzberg's Typology

Science-based industries are difficult to classify in terms of Mintzberg's typology. The
production of drugs is executed in the organizational environment of the machine bu-
reaucracy, with its emphasis on: 

! Standardization of work processes.
! A large technostructure, which is needed to design and maintain the

elaborate production processes. A hierarchy emerges to oversee the speciali-
zed work, leading to

! Vertical centralization. In the typology of the machine bureaucracy the R&D
function is positioned in the support staff. However, science-based industries
are exceptionally dependent on a continuous flow of new products, which are
results of R&D endeavours. Therefore, the R&D function can be considered as
part of the primary process of the company, and should be placed in the
operating core. 

R&D and production alone are not enough to attain long-term profitability for a
pharmaceutical company. It is obvious that without an adequate marketing and sales
force a new drug will never reach its full profit potential. Ethical drugs differ from
almost all other consumer goods in that the buying decision is not made by the final
consumer, but by the prescribing physicians. To influence them, frequent face-to-face
contact with a highly knowledgable sales force, combined with direct mail and adver-
tisements in medical journals, and the organization of medical congresses and other
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meetings, are necessary. This implies that the marketing and sales force has also many
professional features. A proportion of them are MD's, or graduates in biology or chem-
istry, and work independently. 

The large pharmaceutical companies are multinationals, having production plants and
marketing and sales departments throughout the world. The different steps in the R&D
process are often carried out in a number of laboratories located in different countries.
In Mintzberg's typology, the large pharmaceutical companies can therefore be
regarded as divisionalized forms. But contrary to the characteristics of the
divisionalized form, where the divisions are rather independent entities joined by a
loose administrative overlay, in a great number of pharmaceutical companies the admi-
nistrative control by the head office is rather tight, because the different phases of the
R&D process must work closely together. From looking at the evidence presented
above, it can be concluded that pharmaceutical companies can best be regarded as
divisionalized forms of machine bureaucracies with built-in professional bureau-
cracies, namely the R&D, marketing and sales departments.

2.6.2 Environmental and Organizational Constraints

For obvious reasons of public health, the authorization of new branded ethical drugs
on the market is subject to strict governmental and supergovernmental regulations
regarding efficacy and safety. However, in the last thirty years, branded ethical drug
pharmaceutics faced such a steady increase of legislation, that it has considerably
reduced the time available to recoup past research expenditure. Nowadays, over 400
different EU documents (such as directives, regulations, communications and notes for
guidance) have to be taken into account when applying for authorization for a
medicinal product. It is expected that the further increase in the number of EU member
states, and the further harmonization and integration as foreseen in the Maastricht
Treaty, will further increase the legislative load.

In the 1960s, the period between the finding of the lead compound (a chemical
compound with assumed therapeutic efficacy), and the introduction of a new product
to the prescription drug market, was about five years. Nowadays, it often takes more
than ten years to introduce the resulting product of a lead compound to the market.
Whilst earnings may only start ten years after the submission of a patent for a lead
compound, the effective patent protection time fell back from an average of thirteen
years in around 1965, to eight to ten years in the middle of the 1980s (e.g. Redwood
1987 and De Wolf 1987). However, the future is not that bleak. In recent years a
number of measures have been taken to improve the situation. First, the EU provides
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via the <Supplementary Protection Certificate’ the possibility to lengthen the patent
protection time. Furthermore, the new European Medicines Evaluation Agency
(EMEA) plans to roll the 12 regulatory bodies of the European Union (EU) into one,
which ideally will lead to uniform and faster approval procedures. 

In a number of industrial countries (such as the US, Canada, Germany and the Nether-
lands) the governments are planning to change the structure of medical care. The
Health Care Plan of the US administration and the Dutch <Stelselherziening Gezond-
heidszorg’ are two examples of this tendency. These plans have the following general
features: 

! an obligatory insurance for a basic package of medical costs,
! voluntary insurance for additional care,
! a reduction in medical costs by the introduction of managed competition. 

Managed competition means that hospitals, pharmacists, medical specialists, general
practitioners and the pharmaceutical industry negotiate with insurance companies over
the price and quality of the different packages of medical care. After the first
presentation of the Health Care Plan in the USA, the drug and biotechnology stocks
fell by a total of US$ 120 billion, because brokers at the New York Stock Exchange
expected the innovative capacity of the industry to be at risk (De Kruijff 1993). When
it became apparent that the Health Care Plan as such would not be passed,
pharmaceutical stocks went up again. The measures of the different governments to
reduce drug spending has reduced the growth of pharmaceutical sales from an average
of 11% between 1987 and 1991 to an estimated 5% in 1994 (Ekberg 1995 ). Pharma-1

ceutical companies have developed different strategies to challenge these problems.
This has led to large changes in the industrial structure, especially at the level of
concentration and diversification (e.g. Elfferich 1992, see § 1.4.3 for examples).

2.6.3 Management Control

Business organizations are presumed to be most effective when the strategic apex
specializes in coping with uncertainty, and the operating core specializes in function-
ing effectively in conditions of certainty. In most companies, the Board of Directors
monitors the environment (Katz and Kahn, 1978). This is also apparent in
pharmaceutical companies. <Values and Visions: A Merck Century’ (Merck & Co.
1991) is a good example of a long-term vision presented by the Board of Directors,
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based on the close monitoring of the scientific possibilities and the possible social
values influencing the drug market in the decades to come. As in most business
organizations, administrative authority is predominant in pharmaceutical companies.
In the R&D laboratories themselves, however, professional authority is predominant.

2.7 CONCLUDING REMARKS

Exhibit 2.4 outlines the challenges which faces universities, institutes and innovative
pharmaceutical companies in the decades to come. In universities these include the
improvement of the unclear decision structure and the withdrawal of the alienation of
the faculty staff and the administration. This has to be achieved in a situation of fierce
budget retrenchments, while at the same time increasing numbers of students has to be
educated. In institutes the main challenge is to improve the market orientation, to give
the customer value-for-money in a situation of increasing international competition. In
pharmaceutical companies, the increasing regulatory demands have led to a large
increase of the development time (especially of clinical development) and thus to
increasing costs of drug innovation. The cost containment pressure of the government
has not only lowered the drug prices, but has increased the time-lag between drug
approval and admission to the reimbursement system, as well. Combined with the
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increased international competition this has led to a further decrease of the
opportunities to recoup past R&D investments. Together these challenges force the
innovative pharmaceutical industry to reduce the time-to-market by shortening the
total R&D process and the time-span between drug approval and market introduction.

Exhibit 2.5 outlines the expected strength of the different system variables in the three
strata, based on the concepts of systems theory as introduced in this chapter. At one
end of the scale the universities are situated. Here the task uncertainty is relatively
high, the coupling between departments is relatively loose, the accountability is low
and there is considerable horizontal and vertical decentralization. The strength of
system control will be relatively weak and professional authority will be dominant
over administrative authority. At the other end of the scale the experimental
development laboratories in industry are found. Here the task uncertainty is relatively
low, the coupling between departments is tight and there is a high level of horizontal
and vertical integration. The strength of system control will be strong and administra-
tive authority will be dominant over professional authority. 

In this chapter the structure, behaviour and control situation in research organizations
has been described, by use of the contingency theory and Mintzberg's typology of
organizations. In the next chapter the attention will be directed to the research unit
level in universities and institutes, and to the system of research units which together
form the R&D process in industry.





CHAPTER 3

STRUCTURE, BEHAVIOUR
AND CONTROL IN RESEARCH UNITS

This chapter concentrates on structure, behaviour and control in research units. After a
general discussion of the concept of organizational learning, the trajectories of theory
construction and theory application are described in terms of value adding learning
loops. Following the trajectory of theory construction the attention is focused on the
managerial tasks and the questions which has to be answered by the controlling
system, in the different steps of the empirical cycle. Thereafter, the trajectory of
theory application is described in terms of a learning loop for structured organizational
change. In § 3.2.4 industrial innovation is described in terms of a system of value
adding learning loops, combining succeeding phases of theory construction (in basic
research) and theory application (in applied research and experimental development).
In § 3.3 the conceptual model of the double unity cell (DUC, Van Engelen 1989) is
introduced. It is used to describe the entities and relations in a research unit,
combining the concept of value adding learning with that of the control situation. At
the end of this chapter the model of the double unity cell is integrated into the
different contexts of the three strata.

3.1 ORGANIZATIONAL LEARNING

Learning is essentially a circular process in which a pattern of several small and
reinforcing cycles may have a stronger learning impact than a large but occasional one.
The advantage of circular learning is the possibility of leverage. Relatively small
strategically chosen actions and changes can lead, through amplification, to significant
and enduring improvements. Two main types of learning can be distinguished: single-
loop and double-loop learning. Single-loop or adaptive learning is focused on error
detection and correction to stabilize and maintain existing systems. Single-loop
learning is by far the most common in organizations today. Double-loop learning, in
contrast, involves questioning the system itself and the reasons why errors happen in
the first place. Double-loop learning looks at the deeper organizational norms and
structures, and raises questions about their effectiveness. Related to the concept of
double-loop learning are anticipatory and deutero learning. Anticipatory learning is a
vision-reflection-action approach that seeks to identify the knowledge and skills
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needed to take advantage of future opportunities. This planning for learning approach
is greatly advocated by global companies like Royal Dutch Shell (scenario planning).
A recent example of this approach is the analysis of the possible position of drugs in
different scenarios concerning the political and economic development of Dutch
medical care in the decades to come (Leufkens et al. 1993). Deutero learning occurs
when the organization learns from critically reflecting upon its taken-for-granted
assumptions. Its members learn about previous contexts, they discover what they did
that eased or inhibited learning, and invent, evaluate and generalize new strategies for
learning. Argyris and Schon (1978) call this learning about learning (meta-knowledge
in terms of Russo and Schoemaker 1989). Double-loop, anticipatory and deutero
learning can be seen as more creative types of learning. Not merely reacting to
negative events, but proactively bringing about changes in the organization is central
in these concepts

3.2 RESEARCH AS A VALUE ADDING LEARNING LOOP

Boer (1990) describes an organization as a purposeful system of people and resources
which, using multiple technologies, together perform certain activities or processes
which transform inputs into outputs (the value adding chain, Porter 1985). The value
adding chain includes the activities needed:

! to feed information and materials into the transformation system,
! to transform this information and material into modified information and/or

finished output,
! to turn this information and/or finished output over to the (operational or task)

environment.

Because of the essentially circular process of research it is preferred to use the terms
value adding learning loop to describe the primary process of individual research
projects and a system of value adding learning loops, for industrial innovation.
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 This is an obvious simplification. The scientific research process is more complex an d1

contains many interactions and feedback and feedforward loops between activities.

3.2.1 The Empirical Cycle

Scientific research has many facets. One is the discovery and recording of facts
(descriptive science). The construction and testing of hypotheses and theories is called
empirical science. The objectives of an empirical science may be identified as:

! Explanation why a certain phenomenon occurred. Typically, this is ac-
complished by representing cause-and-effect, lawlike generalizations, in a
deductive or inductive model, or some other explanatory framework.

! Prediction of a phenomenon, either deduced from known and unknown events
in a conceptually static system, or to make assertions about future outcomes
based on the observation of regularities among sequences of events in the
past.

! Control of a phenomenon, the systematic manipulation of some element
related to or contained within a system so as to effect a change in one or more
elements in that system (Bagozzi 1983).

In achieving the above goals, the following cycle of activities are traversed  (between1

brackets are the corresponding phases in the trajectory of theory construction, see §
1.3.1): 
 

!! Research objectives (exploration and description)
According to Rudner (1966), <A theory is a systematically related set of
statements, including some lawlike generalizations, that is empirically
testable. The purpose of theory is to increase scientific understanding through
a systematized structure capable of both explaining and predicting
phenomena.’ Or, simply state, <A theory is an explanation how things might
work in reality’ (Van Engelen and Van der Zwaan 1994). The objective of an
empirical study is to validate the lawlike generalizations in the empirical
world. Typically, this involves the development of concepts and the
application of rules of logic and standards for determining the internal
consistency of one's theoretical framework and a determination of construct
validity. Throughout the first stage and into the second and third, the process
can be described as a deductive one. That is, the progression is one from
general assertions to relatively particular or specific instances.

!! Design (explanation and interpretation)
In this phase the research questions and hypotheses are formulated and the
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design of the study is chosen (for instance, case study or experiment, a
longitudinal or cross-sectional design). The variables relevant to answering
the research questions and testing the hypotheses are operationalized in
measurable entities, and conceptual and operational connections between
concepts and observations are made. The study population is selected and the
size and nature of the sample (randomized or clustered sample etc.) is
established. In addition, the methods to provide for reliability and validity and
the instruments of data collection (for example, questionnaires, interviews,
observations or desk research) and the methods of data analysis are chosen.

!! Data collection (testing)
Then the acquisition of significant data starts. This means, that the data
should be internally consistent (e.g. have a high reliability) and be logically or
causally tied to the concepts and constructs in one's theory.

!! Data analysis (testing)
Then comes the organizing and analysis of data in relation to the hypotheses
stated in the beginning. This might entail the application of mathematical
models or statistical procedures, following the analysis scheme. Through the
process of interpretation, one evaluates the findings, learns from the results,
and, in general, gains an understanding of the phenomenon which is to be
explained.

!! Reporting and documentation (testing)
The scientific process comes to an end through the sub-process of induction,
in which the learning attained through earlier stages is incorporated into one's
theoretical framework. Induction involves taking the argument from particular
instances to more general conclusions. Unlike the valid deductive argument
that guarantees the truth of its conclusion given true premises, the valid
inductive argument provides <good’, though not conclusive, grounds for
accepting its conclusion. The scientific process is thus a continuous one,
reflecting the tentativeness and uncertainty of our knowledge of the world.
The researchers present the results in terms of verification or falsification of
theoretical judgements, measures, estimates and recommendations concerning
the object of study, and suggestions for further research. They also render an
account of the study methodology (the objectives, design, presumptions,
selection criteria, sample choice, and methods of data analysis), providing the
possibility for replication.

3.2.2 Management Control in the Different Phases of the Empirical Cycle

Mason (1979) has summarized the managerial tasks of the controlling system in the
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different phases of the empirical cycle. In chapter 3 the list of the managerial tasks
will be used as an additional check on the completeness of the management control
variables, as defined in this study. Mason uses a slightly different classification than
the one presented above, because of the management control perspective. For instance,
resource acquisition is added as a separate phase in the process. In the following
pages, the terminology of Mason is followed (the corresponding phase in the empirical
cycle is mentioned between brackets). The choices which have to be taken and the
questions which have to be answered by the research management in the different
phases are indicated by italics.

! Idea generation (research objectives)
Formulation of the basic ideas and the general objectives of the research
project. The motivation to choose a project can be personal curiosity, but it
can also be professional status or award expectation. Basic questions are:
What constitutes a <good’ idea, one worth pursuing? And how are the priori-
ties set?

! Planning and Design (design)
Formulation of hypotheses or research questions and the specification of a
series of tasks necessary to complete the research project. The controlling
system may face the following problems. Some theoretically attractive
concepts may be too difficult to operationalize, require too much effort, or
may take too long for the results to be completed. Decisions have to be taken
as to which variables to estimate, what data to use, and where and how much
to collect. Given the elements of cost and constraints, the controlling system
must choose, for instance, between breadth compared to depth of coverage,
and the number of observations versus the degree of reliability. Basic ques-
tions are: What concepts and theories are to be used? How will the data be
collected? What resources are required?

! Resource Acquisition (design)
Obtaining of the human and capital resources. <Big Science’, such as
medicine, chemistry and physics (Spiegel-Rösing and De Solla Price eds.
1977), often requires high investment in technology. The financier can be the
institution itself, a contractor or a funding agency. In the latter cases, large
<marketing efforts’ have to be undertaken to <sell’ the research proposal. The
basic question is: Who supplies or finances the resources?

! Organizing (design)
In this phase the controlling system must define the tasks to be accomplished,
select the people to complete the tasks, arrange for an adequate
communication system among participants (for instance regular research
meetings), schedule the use of facilities, and set up feedback loops to ensure
that the research design is followed (supervision schedule). Basic questions
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are: How are research tasks assigned to the people? How are task objectives
set? Which communication channels are to be used? How are the research
activities related to the organizational and external environment, and the
funding agencies?

! Producing (data collection and analysis)
Applying the resources to the research tasks according to plan. This involves
integration of resources and coordination of interdependencies, use of
incentives and quality control over the output. The controlling system must
see to it, that (1) the work is done, (2) that it is completed according to quality
standards, and (3) that it is completed within the budget and deadline
limitations. Basic questions are: How is the work carried out and supervised?

! Output Dissemination, Utilization, and Evaluation (reporting and docu-
mentation)
In this phase the scientific conclusions are related to the original intentions
(goals and plans), and communicated to the outside world. In this phase the
controlling system should be concentrated on the marketing of its product.
Output dissemination is the process of notifying potentially interested parties
of the existence of the results and making the results available to them.
Utilization is the process by which other parties (scientists, direct users,
policy makers and industries) make use of the results. Evaluation involves the
difficult weighing up of the long-run benefits for the scientific community or
society, against the resources used for the research project. Or, in case of con-
tract research, the short term benefits for the contractor. Basic questions are:
Who are the potential users? How are the results communicated? And how are
the results evaluated?



Exhibit 3.1   THE LEARNING LOOP OF ORGANIZATIONAL CHANGE
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3.2.3 The Learning Loop as a Model for Organizational Change

Following the trajectory of theory application Marquardt and Reynolds (1994)
advocate the following cycle of activities as a learning loop for structured or-
ganizational change: (1) document, (2) plan, (3) act, (4) reflect, (5) document again
(the corresponding phases in the trajectory of theory application are mentioned
between brackets) to replace the satisficing and trial and error processes commonly
observed in organizations (eg. Daft 1992). The learning loop for structured
organizational change comes close to Deming's (1982) famous <plan, do, check and
act’ cycle, or the less specific phase model of Lewin (1958) <unfreezing, moving,
refreezing’. In contrast with the general trajectory of theory application, here the
phases reflect and document are added. To compensate for the contextual difficulties
and unexpected side-effects encountered in the process of organizational change (a
number of them are mentioned in § 1.3), Marquardt and Reynolds pay much attention
to reflection on and documentation of knowledge (see exhibit 3.1). 

1 Document (diagnosis and construction)
Description of current processes and structures or specific problems, and
identification of which need improvement. Restructuring of processes and
structures by incorporating different perspectives, and framing and reframing
problems by looking at them in a variety of ways.

2 Plan
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The planning of the steps which have to be taken in order to reach the
improved situation. 

3 Act (implement)
The implementation of improvements. If the changes are complex, and may
have far-reaching and unexpected side-effects, the improvements may be
implemented on a small scale, at first.

4 Reflect
The obtaining and using of feedback information. Identification of the
outcomes and side-effects which were not anticipated.

5 Document
The documentation of the learning aspects, so that they can become part of the
organization's experience. Organizations do not have memories as such, but
they do have libraries, databases, procedures, drawings and other storing
mechanisms for information and knowledge. If the information is not stored,
there is a high risk of reinventing the wheel. 

3.2.4 Industrial Innovation as a System of Value Adding Learning Loops

Exhibit 3.2 shows the industrial innovative process as a system of value adding
learning loops. After general management has decided on the product market
combination and the technology profile of the new product, the innovative process
starts. The basic research cycle starts with the drafting of a project proposal and
evaluation of the literature on the topic (theories, principles and hypotheses). Based on
the literature, additional experiments may be conducted to fill in gaps in fundamental
knowledge (experimentation and measuring). If sufficient knowledge is gained the
applied research cycle starts with the embodiment of technology in an artifact (see also
the explanation of exhibit 1.5) and a testing programme is set up (testing in physical
model). In the next step the different parameters are measured (measuring). The
information obtained



Exhibit 3.2 INDUSTRIAL INNOVATION AS A SYSTEM OF VALUE ADDING LEARNING LOOPS
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Exhibit 3.3   THE DOUBLE UNITY CELL
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is analyzed and stored (information storage in abstract models) and can be used to
further improve the product in additional learning loops. The applied research phase
ends with one or more prototypes, products with characteristics which sufficiently
cover the product profile (prototyping). In experimental development, different
parameters of the prototype(s) are tested in situations which more or less reflect the
situation in which the product is intended to be used (simulation and measuring). The
data are compared with the product specifications. When the specifications are not
met, the design of the prototype is re-adapted and tested in additional learning loops
until it works according to the set of specifications (comparison with specifications
and redesign). 

3.3 THE DOUBLE UNITY CELL

The object of study is the research unit in universities and institutes and the system of
research units which together form the R&D process in industry. The conceptual model
of the double unity cell (DUC) has been used to describe a research unit as an aspect
system (see § 2). The basic assumption has been that biomedical research and
pharmaceutical innovation can be considered as a (system of) value adding learning
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loop(s), through which research input is converted into output, while control over the
transformation process is conducted by the research management. Exhibit 3.3 shows a
simplified model of a research unit, for the complete model the reader is referred to
Van Engelen 1989, p. 38, figure III.3.1. The following entities, objects and relations
can be distinguished.

Research management
The research management is the controlling system. It communicates with the supplier
and customer function, the top management and the environment. It includes the
professors in universities, and the heads of different research departments in institutes
and companies, assisted by their senior scientific staff.
Research process (input, transformation, output)
The research process is considered to be a (system of) value adding learning loop(s)
through which research input (information and chemical compounds) is converted into
output (publications for universities and institutes, and patents or registered drugs for
pharmaceutical companies).
Supplier function 
The input for the research process stems from the supplier function. In universities and
institutes the supplier function includes (1) the suppliers of the information on which
the research questions are based (for instance the scientific community or the
community of physicians and patients), (2) the suppliers of the resources to carry out
the research process (laboratory equipment, chemicals etc.), and (3) the suppliers of
the financial resources.
Customer function
The output of the research process is directed towards the customer function. Hazeu
and Spangenberg (1991) divide the research output into direct and effective output.
Direct output refers to the research output as reported in scientific papers, reports,
congress contributions and books, whereas, effective output refers to the output used
as input by the customer function.
Top management
This consists of the faculty or university board, or the board of directors in institutes
and companies.
Environment
The environment includes both the general and the task environment. The general
environment includes, for instance, the increased governmental regulations regarding
the safety of drugs, influencing pharmaceutical R&D. The task environment includes,
for instance the other units in the faculty, with which the research unit cooperates or
has to compete for resources.

The model of the double unity cell was originally elaborated in solid-state physics to
describe the macroscopic properties of materials by analysing the microscopic
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behaviour of the atoms and their interaction in the atomic structure. In terms of sys-
tems theory, it was used to explain some aspects of the system by concentrating on the
constituting elements or part-systems. In a linear atomic structure, the double unity
cell turned out to be the smallest part-system that still contained all characteristics of
the system as a whole. In many management studies on research (e.g. Spangenberg
1989), a traditional input-output model has been used. In such a model the research
unit is described as the place where the primary process (research) takes place, inde-
pendent of the operational environment. In the model of the double unity cell,
however, the supplier and customer function are incorporated into the system. If we
consider the fact, that over the years former external relationships are increasingly
integrated into the organization (see for instance, the fast increase of strategic R&D
alliances or supplier-customer partnerships in joint development teams and cooper-
ative networks of universities, institutes, and companies, i.e. Biemans 1992 and
Morgan 1994), it is obvious that the shift of the system boundaries has clear support in
the real-life situation.

3.3.1 Universities and Institutes

Research units in universities and institutes may be considered as rather independent
sub-systems. Spangenberg (1989) uses Ouchi's (1980) typology of the clan to describe
them. They also show a number of the characteristics of the simple structure in
Mintzberg's typology (Mayntz 1985). Mintzberg describes simple structures as highly
flexible and innovative organizations. They are relatively small project organizations,
under the supervision of an autocratic leader who participates in the primary process
and monitors the environment. The span of control of the leader limits the size of a
simple structure. The similarities of a research unit and a simple structure are
remarkable. University research units (at least, the excellent ones):

! are innovative,
! show a flexible organization consisting of a number of small, and relatively

independent research projects, which constantly shift in composition and size,
! are supervised by professors, who participate in the primary processes

(research and education) and monitor the scientific environment, and who try
to dominate it by participating in international scientific forums and editorial
boards,

! unlike the model of the simple structure, the scientific staff has a relatively
large decision power,

! the size of the research unit is limited by the span of control of the head of the
unit. Based on the span of control of the head of the unit, Mayntz (1985) pre-
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dicted that the maximum size of a research unit will be roughly 7 research
projects of 1 to 5 scientists each, in total 20 to 30 scientists. One of the objec-
tives of this study is to check this figure against the empirical data.

Exhibit 3.4 depicts the financial and information flow in the biomedical research units
in universities and institutes. The output of the research process can be directed
towards the following customer functions:

! The (inter)national scientific community 
The scientific community is reached by publishing in international scientific
journals and by presenting papers at congresses and in workshops. In this
study the performance directed to the scientific community will be referred to
as research performance. The leading scientists in a certain research field (the
<Scientific Forum’, De Groot 1984) exercise quality control over the scientific
output. They evaluate the scientific output of the research units in that field,
for instance as referees for scientific journals (professional control, Hardy et
al. 1984). In some disciplines the methodologies and concepts are generally
accepted and clear, such as in physics (disciplines with a high level of para-
digm development, Kuhn 1970 and Bresser and Dunbar 1986), but in others
much confusion exists. Different Science Forums (<Schools’) with different
methodologies and conceptual frameworks oppose each other, such as in
sociology and psychology (disciplines with a low level of paradigm
development). The field of biomedical research consists of a number of high
paradigm (sub-)disciplines, each of them having their own Scientific Forum.
As a consequence, the re



Exhibit 3.4 THE DOUBLE UNITY CELL MODEL IN UNIVERSITIES AND
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  The reach of national journals for physicians is larger than most people realize. Fo r1

instance, the number of subscribers to the largest Dutch journal <Het Nederlands
Tijdschrift voor de Geneeskunde’  is larger than that to <The Lancet’. 

search units in this study are confronted with quite different situations, for
instance regarding the access to scientific journals. The citation patterns can
also differ across (sub-)disciplines. In the discussion of the different
performance and effectiveness measures in the next chapter will be returned
to this point.

! The community of users
In this study, the community of users consists of: 
! The physicians who can use the research concepts and results as the

basis for new therapies or therapeutic agents. They are reached by
publishing in journals for physicians (user performance 1 ). 1

! The industrial and governmental contractors, for instance pharma-
ceutical industries, which can use the concepts elaborated by the re-
search units as the basis for new drug development (user performance
2). 

! The patients and general public, to be reached via popularized articles
in periodicals (user performance 3).

The scientific community and the community of users are also important supplier
functions. For instance, the (inter)national scientific community or the community of
users can act as a source of ideas for new research projects and concepts, as a source of
resources (for instance as scientific advisers for the government or funding agencies or
in peer review committees, see box 3.1), and as a source of competition. The overlap
between the supplier and customer function implies that producing interesting results
for the scientific community or the community of users can lead to an increase in the
size of a research unit. But if Mayntz (1985) is right in her qualitative observation that
the span of control of the research unit leader sets clear limitations on the size of a
research unit, then the growth of the unit will be limited through coordination
problems (see box 3.1).



Exhibit 3.5 CAUSE MAP  OF RESEARCH RESULTS, PRESTIGE,
RESOURCES AND COORDINATION

prestige

results

resources

coordination

A

B

-

-

+

+

+

Theory72

Box 3.1

When a research unit in an university or institute has obtained interest-
ing research results, it gains prestige in the scientific community or in
the community of users (for instance physicians). As a consequence it
is likely to get extra financial support: foundations, advised by scientists
or physicians are more likely to supply grants for new project
proposals, the faculty may award extra personnel and material means
on the basis of a positive evaluation of a peer review committee, or
governmental and industrial contractors may grant more contract
research. This can lead to the amplifying loop A. However, above a
certain level, when the span of control of the head of the research unit
has been reached, the increase of the resources may cause
coordination problems within the unit or in relations with other units,
resulting in a lower quality of the research process. As a consequence
the research results, and therefore the research unit resources,
decline again, resulting in the stabilizing loop B.
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3.3.2 Companies

The research units in universities and institutes can be considered as relatively
independent sub-systems, and therefore the double unity cell as such can be used as the
unit for the analysis. The input and output of an individual research unit can be
distinguished, so, within boundaries, the effectiveness of the use of the resources can
be accounted for that unit. In companies, in contrast, the output is not attributable to a
single unit, but to a number of units working together in the innovative process.
Therefore, in exhibit 3.6 pharmaceutical innovation is presented as a system of double
unity cells. Each cell depicts a clearly distinguishable phase in this process concluded
by a milestone (M  - M ), such as a patent at the end of the discovery (M ) or a mar-0 4 0

ketable drug at the end of the development phase (M ). 2

Top management includes the general management, the Board of Directors, assisted by
the R&D Management, the (sub)-Directors of R&D (for instance, the Directors of
Discovery, Pharmaceutical Development, and Clinical Development), and the general
R&D planning departments. The Board of Directors monitors the general environment
(Katz and Kahn 1978) and sets the goals and objectives (G) which the research
management has to meet. The research management (R) monitors the task environment
and renders account of the progress of the different R&D projects to the top
management (A). In the discovery phase, monitoring of the task environment includes
the scanning of the international scientific network (Biemans 1992) on new and
innovative ideas. The network includes, for instance, the biomedical departments in
universities, health research institutes, biotechnological and other pharmaceutical
companies (research network communication RNC, not depicted in exhibit 3.6).
Gambardella (1992) concludes, in an extensive study of the relations between in-house
scientific research and external scientific knowledge in the US pharmaceutical
industry, that: <To be part of a network, and to be able to effectively exploit the
information that circulates in the network, has become even more valuable than being
able to generate new knowledge autonomously.’ Monitoring of the task environment is
also essential in the development phase. But here the primary goal is to broaden the
contacts with physicians (the clients of the companies and the conductors of the
clinical trials) and with other pharmaceutical companies, in order to provide a learning
curve for the eventual marketing of the new product.

The pharmaceutical innovative process starts with strategic choices regarding new
drug development, based upon the market demand of patient populations and the
therapeutic significance (market or demand pull), together with the scientific
attainability (technology push). After general management has decided upon the
indication area (product market combination) and has agreed upon the desired efficacy
and side-effect profile of the new product, the innovative process starts. The research
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in the discovery phase starts with the drafting of a project proposal, evaluating the
existing literature on the topic and selecting the theories which explain the possible
working mechanisms of existing drugs or compounds and their effects on human
tissue. Following the existing literature, compounds are synthesized with assumed
therapeutic efficacy and tested for therapeutic activity (see also exhibit 3.2, em-
bodiment of technology in artifact). A screening programme is set up, which consists
of different tests to clarify the characteristics of the compounds. These tests use
analytical and biological measures (for instance, antibody or specific enzyme reacti-
ons), and can be conducted in a pharmacological (for instance, blood platelets) or
animal model of the human body or tissue. In recent years the screening and testing
methods have improved tremendously. High capacity screening equipment has been
elaborated, in which a large variety of structural variations of a molecule can be tested
on therapeutic activity in a relatively short period of time. The use of high capacity
screening equipment has made it possible to start a screening programme even if only
very low activity was measured in the original compound. On the other hand, biomo-
lecular modelling, supported by Nuclear Magnetic Resonance (NMR) and Mass
Spectronomy to check for the structure identity and purity of the active compound, has
made a more targeted approach possible. The structure of the active molecule is
designed by computers to specifically attack the target (for instance an enzyme, a
receptor, or a virus). In this rational drug design approach, smaller quantities of
compounds have to be screened and tested. However, it is often impossible to design
the attacking molecules beforehand, because insufficient information about the target
is available. Therefore, this technique is often used to optimalize the active molecules,
found by high capacity screening (lead optimalization). The discovery phase ends with
the finding of the lead compound(s), which is in fact the prototype(s) which will be
developed further in the development phase. 

Although the use of new techniques has made the searching for the lead compound less
fortuitous, the research work in the discovery phase is still highly unpredictable. In
contrary to this, the toxicity and clinical testing in pharmaceutical and clinical devel-
opment can be planned according to strict schedules. Whereas the research work in
pharmaceutical development is largely carried out in-house, the clinical testing is
carried out in hospitals. After registration and launch onto the branded ethical drugs
market, the postmarketing surveil-lance starts, aiming to improve the product (e.g.
search for side-effects with low and moderate incidence, and improvements in drug
delivery). If a new indication area is found, a learning loop occurs and specific clinical
trials are conducted to get them registered. In box 3.2 an outline is given of the
research activities in the different phases of the pharmaceutical R&D process.

Box 3.2
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1 Discovery phase
Before the discovery phase starts, strategic choices are made
regarding the research projects which will be conducted, based
upon an evaluation of therapeutic and commercial significance and
scientific attainability. Typically, more than 10,000 chemical com-
pounds in the high capacity screening approach and 1,000 in the
rational drug design approach have to be synthesized and tested for
therapeutic activity in pharmacological or animal models for a single
<hit’. The discovery phase ends with the finding of the lead
compound.

2 Pharmaceutical development phase
The pharmaceutical development phase starts with further phar-
macological screening and characterization of the active substance.
Pharmacokinetical research into degradation speed and acute and
subacute toxicity along with mutagenicity tests are done, and the
synthesis of the active substance for clinical testing is performed.
Also a patent dossier is submitted to the authorities.

3 Clinical development phase
In the clinical development phase I, dose-effect relationships, and
duration of effects and side-effects, are tested in 20 to 30 healthy
volunteers. In phase II the first controlled clinical trials are carried out
on patients (about 100 to 200). In phase III the double blind random-
ized clinical trials are executed on a great number of patients (about
1,000 to 3,000) in hospitals in different countries, to demonstrate
therapeutic efficacy and to establish contra-indications, side-effects
with a relatively high incidence and optimal dosage. The phase IV
surveillance to trace side-effects of drugs with low and moderate
incidence also starts. This phase ends with the presentation of the
registration dossiers to the authorities. 

4 Registration and launch phase
In this phase the test dossiers are examined by the authorities for
approval for the drug to be launched onto the market. During the
registration period the designing and building of the production
facilities and manufacturing process continues, the marketing plan is
formulated and the training of the sales force starts. In recent years
the period of time between registration and launch has increased,
because of the increased requirements for admission into the
governmental or private security reimbursement systems. 

5 Postmarketing surveillance
After the launch the postmarketing surveillance starts to trace the
side-effects of drugs with low and moderate incidence, and to in-
vestigate the possibilities of broadening the indication area. 
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Sources: Ballance et al. 1992, Fitzgerald 1992, Taggart and Blax-
ter 1992, and this study .

The research units in the different phases of the research process differ considerably,
depending on their tasks. The research units in the discovery phase show the largest
resemblance to those in universities and institutes. With increasing frequency,
research projects are not being aimed at the production of a new or modified drug, but
at understanding the cause of a particular disease and towards the specific actions and
side-effects of drugs on the human body and its individual tissues and organs. Driven
in large part by scientific and technological advances that make basic biomedical
research a key element in drug discovery and drug design, many pharmaceutical
companies are increasing their funding of scientific research in universities and
research institutes, a trend that is likely to expand in the coming years (Abbott et al.
1993). Taylor (1994) calculates the innovative pharmaceutical industry to spend 10%
to 20% of the total R&D budget on academic collaboration and sponsoring. The -
departments in pharmaceutical development can be rather large in size (100 to 150
staff members). In clinical development, the designing and monitoring (case record
control) of the clinical trials conducted in hospitals and in general practices, is the
predominant task.

DiMasi et al. (1991) estimate the average total R&D cost per approved NCE as high as
US$ 230 million. Therefore, it is not surprising that since the start of the 1980s phar-
maceutical companies have increasingly used parallel development to reduce the time-
to-market. At the same time that the clinical trials are executed, the long term
biological testing for chronic and subchronic toxicity continues and the up-scaling for
production starts. In order to limit the integration problems, lateral and cross-
functional communication within project teams is intensified enormously. Researchers
of different phases of the R&D process, and staff members of marketing and produc-
tion, discuss the ongoing research projects on a regular basis (see exhibit 3.7).



Exhibit 3.7   PARALLEL PHARMACEUTICAL R&D PROCESS

source: Centre for Medicines Research 1993
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Allen (in Bowers 1994) raised the question of whether the <users’ role in biomedical
innovation is as important as in other forms of innovation. As a reply Bowers pointed
at the charitable involvement in biomedical research, providing seed funding for
innovative projects and plugging gaps left by the public sector. However, apparently
Bowers is generalizing about the UK situation, where patient groups and their families
are predominant in charities. In contrast, in Holland, for instance, only a few charities
are dominated by <users’.

3.4 CONCLUDING REMARKS

The theoretical foundation for this study has been laid in this Section. In the last two
chapters the structure, behaviour and control situation in research organizations has
been described, at first at the level of the institution as a whole, and then at the
research unit level. The next Section focuses on the study design, relating management
control to performance and effectiveness in the specific context of the three strata.


