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STUDY DESIGN





CHAPTER 4

THEORY CONSTRUCTION

This Section focuses on the study design. In chapter 4 the principles of theory con-
struction, as advocated by Bagozzi (1980, 1984), are used to present the theoretical
concepts, hypotheses and operationalizations in one meaningful system, the triangular
model. The defined and empirical concepts are deduced from the model of the double
unity cell and are matched with the requirements for effective control to check for
complete coverage of the relevant entities, objects and relations. Chapter 5 discusses
the hypotheses deduced from the triangular model, relating different aspects of
management control and the contingencies to performance and effectiveness. Chapter
6 concentrates on the methods used to relate the theoretical constructs to the ob-
servations in the empirical world. The attention is focused on the instruments of data
collection, the sampling procedures, the inclusion criteria, the measures taken to
provide for validity and the methods of data analysis.

4.1 THE STRUCTURE OF THEORY

As was depicted in § 1.3, the empirical study basically follows the (formal and in-
formal) process of theory construction. According to Bagozzi (1980, 1984), the
overriding objective in theory construction is to represent one's concepts,
operationalizations, and propositions in one meaningful system that is both internally
consistent and testable. In general, theory construction can be viewed from two
different angles: as a process and as a structure. The process of theory construction
involves the application of the principles of logic, the implementation of methods and
procedures (e.g. the experimental method) and the observance of standards of conduct
and evaluation. To these more formal processes such informal processes as creativity
and decision-making must be added: these include conflict, debate and give-and-take
between researchers, and social and political processes among groups and institutions. 
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Theory structure is taken to mean the concepts in a theory, the hypotheses made by the
theory, the observations and measurements included in the theory, and the formal
organization of all these elements in an overall representation (see exhibit 4.1). The
theoretical constructs are related to each other through hypotheses (i.e., non-
observational postulates or propositions). Theoretical constructs are not directly
defined nor do they contain observational terms. Rather, theoretical constructs are
implicitly defined by their relationships with other theoretical constructs, defined
(derived) concepts, and/or empirical concepts. Defined or derived concepts obtain
their meaning from empirical concepts. Empirical (also called observational or
operational) concepts refer to events, or things recognizable in the world of
experience. Empirical concepts obtain their meaning from operational definitions that
specify procedures for measuring observations in the world of experience. The
relationships connecting theoretical constructs to either defined or empirical concepts
are called correspondence rules. Below, the structure of theory, as depicted in exhibit
4.1, will be used to link the theoretical constructs and the relationships of constructs to
observations in this study.
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4.2 THEORETICAL CONSTRUCTS AND HYPOTHESES

Equation 4.1 shows, in a mathematical form, the assumption, made in § 1.1, that
performance and effectiveness can be considered as a function of management control
and contingencies. 

Equation 4.1 PE = ƒ(MC, Cn) + µ

PE = Performance and Effectiveness, MC = Management Control, Cn = Contingencies, µ =
residual variation

For clarity of presentation, no distinction is made between performance and ef-
fectiveness. Performance refers to the total output, such as the number of scientific
papers of a research unit in universities or institutes, or the number of patents at the
end of the discovery phase in industry. Effectiveness relates the output to the invested
input (such as the number of papers or patents per researcher) and the apparent use of
the output by the customer function (measured, for instance, by the number of citations
per scientific paper). Management control is expected to have the largest impact on
effectiveness, and the contingency size on performance (ten researchers can do more
than one). The other contingencies are incorporated in the model to fine-tune for dif-
ferences at the research unit level (see § 2.3). Other contingencies, such as the level of
autonomy, the innovative strategy and the cultural background of the head office are
used as bases for different cross-sections through the industrial study sample. The
parameter µ reflects the residual variation, for instance that caused by the omission of
certain parameters influencing performance and effectiveness, the natural response
variability in the study sample, or errors in the measurements as a result of the
imperfect correspondence between constructs and operationalizations.

Exhibit 4.2 shows the interdependency of the contingencies, management control and
performance and effectiveness in a triangular model. Many examples of these
interdependencies are given in the first three chapters. For instance, elements of
system control, process control and external control, together with unit size and power,
are related with performance and effectiveness in a simplified cause map of an
amplifying and a stabilizing loop (see box 3.1, pg. 76). As was already stated in
chapter 2, a cross-sectional design breaks into an ongoing process at a certain point in
time. If the empirical results suggest, for example, that higher effectiveness of
personnel policy affects performance positively, it is possible - and even plausible -
that the actual relationship might have a reverse or (more likely) a two-sided causality,
with higher performance leading to a more positive assessment of the personnel policy
situation and vice-versa. However, the triangular model does enable us to confirm or
falsify the propositions made in this study. In addition, the model enables a com-



Exhibit 4.2 THE TRIANGULAR MODEL, RELATING MANAGEMENT CONTROL AND
THE CONTINGENCIES WITH PERFORMANCE AND EFFECTIVENESS
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parison of the relative contribution of each independent variable in <explaining’ (in a
strictly statistical sense) the variance in performance and effectiveness. Consequently,
answers can be given to such questions as whether system control is more important
than process control in relation to performance and effectiveness.

4.3 THE DEFINED AND EMPIRICAL CONCEPTS

4.3.1 Management Control

According to Volberda (1992), management control (MC) can be considered to be a
function of organizational flexibility (OF) and control capacity (CC, see equation 4.2).

Equation 4.2 MC = ƒ(OF, CC) + µ1

MC = Management control; OF = Organizational Flexibility; CC = Control Capacity; µ  =1

residual variation



Exhibit 4.3   THE DOUBLE UNITY CELL IN RESEARCH ORGANIZATIONS
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Organizational flexibility refers to the ability of the organization to adapt to changing
situations at strategic, tactic and operational level, reflected, for instance, in the level
of rigidity of the administrative rules. Operational flexibility refers to routine
adaptations to changes in the environment, tactical flexibility to adaptive changes, and
strategic flexibility to non-routine proactive changes of the organization. The extremes
are to some extent comparable to a mechanistic versus an organic organization (Burns
and Stalker 1961), or a bureaucratic versus a normative culture (Hofstede 1980). The
control capacity refers to the quality and competence of the research management to
achieve adaptations given the level of organizational flexibility. A highly competent
research management may reach a high adaptation level, even if the organization is
relatively inflexible, whereas a less competent research management may fail, even if
the organization is highly flexible. In this study, <subjective’ views and judgements of
the research management about items of organizational flexibility and control capacity
have been combined with <objective’ measures, such as the number and scope of the
existing incentives.

In order to assure complete coverage, the defined concepts of management control are
deduced from the model of the double unity cell. Exhibit 4.3 shows that the defined
concepts of management control (system, process and external control) together
include all the relevant entities, objects and relations distinguished in the double unity
cell model.

System control refers to the control over the personnel and material resources of the
research unit (see exhibit 4.3 ). Personnel control embraces the <objective’ quality ofa

the reward system (organizational flexibility, number of material and immaterial
incentives, career policy etc.), and the competence of the research management to react
to changing situations (control capacity, e.g. pace and manner of conducting
reorganizations). The challenge of research management is to create the conditions
conducive to meeting the corporate goals of scientific performance as well as the
scientist's need for satisfaction and motivation. Several examples of effective reward
systems for researchers have been reported (e.g. Badawy 1988 and Kanter 1989). They
all point at the importance of recognition, individual rewards, open communication,
self-development and growth in enhancing the motivation and performance of R&D
personnel. However, a study done by Gerpott (cited in Krüger 1994) pointed at the
importance of pecuniary rewards in the German pharmaceutical industry. In this study
the material and immaterial incentives as distinguished by Jauch (1976) are used to
operationalize the <objective’ quality of the reward system. Resources control refers to
the level of control over the resources in the double unity cells. It is assessed by the
subjective assessment of the adequacy of personnel and material resources, laboratory
equipment, devices and space. In addition, administrative control is assessed,
including the estimated pace of administrative procedures for appointments and pro-
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curement of equipment and the reallocation of a large part of the personnel and
material resources to a new research line. In fact this is a reflection of the results of
organizational flexibility and control capacity at the operational level. 

Process control is divided into planning and research process communication (see
exhibit 4.3 ). The assessment of the importance of strategic, tactical and operationalb

planning by the top management for everyday research work relates to the goal
setting/accounting relationship between the research management and the top
management (O and A in exhibit 3.7). Research process communication, in contrast,
relates to the control capacity of the research management; the gradual transition from
<hands on’ to <hands off’ control (relatively close to relatively loose monitoring). It is
divided into the frequency of research (project team) meetings and the attendancy mix.
The attendancy mix refers to the question of who, in general, is attending the research
meetings: the head of the unit, the (senior) scientific staff, the support staff, as well as
researchers from adjacent laboratories or staff members from other R&D phases and/or
marketing and production in industry (lateral and cross-functional communication, the
communication relationships C in exhibit 3.7). 

External control refers to the communication with the R&D environment and with the
supplier and customer function and is assessed by international and contractor
communication (see exhibit 4.3 ). International communication refers to the positionc

of the research unit in the international scientific network. Science is sometimes
referred to as competitive cooperation (Hull 1988). Cooperation among scientists has
always occurred, either initiated spontaneously by researchers, or encouraged by
research organizations who believe that collaborative work is more productive than
individual research. International communication is measured by the frequency of
international contacts with scientists, physicians and, in the case of industry, also
colleagues from other companies, for instance at congresses and workshops.
Contractor communication is measured by the frequency of contacts with industrial
and governmental contractors (universities and institutes only). Exhibit 4.4 outlines
the defined and empirical concepts of management control.



Exhibit 4.4 THE DEFINED AND EMPIRICAL CONCEPTS TOGETHER
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4.3.2 Contingencies

Bresser and Dunbar (1986) have shown that the contingencies, as distinguished by
Mintzberg (1979, see also § 2.3), supply sufficient coverage and decomposing ability
to study the similarities and differences between high and low paradigm disciplines in
academia. Because it can be assumed that the research environment in institutes is not
so different from that in academia, Mintzberg's contingencies are used to study the
situation-dependent factors in universities and institutes. Namely, the history-related
variables of organizational age and size, the technical system characteristics
(technology) and the power balance between the environment and the administration
(power). The environmental contingencies (such as uncertainty, complexity and
dynamics), and the structural power relations (such as public or private ownership) are
used as a framework for the comparison of the strata. In universities, time-allocation
has been added as a contingency, being specifically relevant for distinguishing
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between preclinical and paraclinical units with clinical units. 

The concept of attaining a positive power balance is very similar to the concept of
attaining system control. In both concepts the controlling system tries to avoid
dependency (Pfeffer and Salancik 1978) or tries to dominate the environment by
gaining competitive advantage (Porter 1985). Companies encounter their main threats
in the environment. A company will try to get a competitive advantage in order to keep
up with or to dominate its competitors. In universities especially, the power balance
<in-house’ is equally important. Possible ways of attaining a positive power balance
will be assessed under the contingency <power’. The internal power balance is of
comparably less importance in industry. Therefore, power is only assessed under
system control. Organizational age is not measured in industry, because the innovative
process is conducted in a number of laboratories with quite different histories. Other
contingencies, as the cultural background of the head office (Anglo-American or
continental European), autonomy or dependency (the <pure play pharmaceuticals’ or
the pharmaceutical divisions of large chemical conglomerates) and the R&D
orientation (radical or incremental), are used as bases for different cross-sections of
the industrial study sample. Exhibit 4.5 outlines the defined and empirical concepts of
the contingencies.

4.3.3 Performance and Effectiveness

For control to be effective it is important to have an insight into the performance and
effectiveness parameters. In production they are normally clear (plant A produces
more products than plant B). In professional bureaucracies this is often more difficult.
The results of scientific research can only be measured after some time, and the long-
term impact is extremely difficult to ascertain. In pharmaceutical industry too, the
results of the efforts of a discovery department can only be judged after a decade or
more. Therefore, intermediate indicators are used, for instance publication counts in
universities, and separate measures for discovery and development in industry. When
the associations of management control and the contingencies with the different
performance and effectiveness measures point in the same direction,



Exhibit 4.5 DEFINED AND EMPIRICAL CONCEPTS TOGETHER
CONSTITUTING THE THEORETICAL CONSTRUCT OF THE
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this enhances confidence in the reliability of the results. This method of converging a
number of imperfect indicators (Irvine and Martin 1985), reflecting different aspects
of performance and effectiveness, is called <triangulation’ (after Webb et al. 1966, this
was an additional reason to call the theoretical model used in this study, the triangular
model). It is comparable with the concept of <convergent validity’ in Campbell and
Fiske's (1959) multitrait-multimethod approach. 

In universities and institutes a division is made between research and user perform-
ance. Research performance refers to the output directed to the scientific community.
It is measured by the number of papers published in international scientific journals,
and the number of PhD theses produced (both achievement indicators). This is
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combined with the credibility the research unit wins from the scientific community, as
measured by the number of papers received from scientific journals for peer review,
and the participation on Editorial Boards by the senior scientific staff (reputational
and/or personal indicators). The user performance refers to the output directed to
users, measured by the number of papers in journals for physicians and reports for
governmental or industrial contractors (in institutes especially). Effectiveness is
assessed by the number of papers published per full-time equivalent scientific staff
member and by the apparent use of the research results by the scientific audience
(effective scientific output, Hazeu 1989, see § 3.3), as measured by the citation score. 

In industry performance and effectiveness are measured at the level of the research
process (innovative performance and effectiveness), and at the level of the company as
a whole (industrial performance and effectiveness). Innovative performance and
effectiveness primarily relates to the control capacity of the research management, and
industrial performance and effectiveness to organizational flexibility. The number of
patents per investment in discovery is used as a measure for innovative performance
and effectiveness in the discovery phase and the length of the developmental process
as a measure for the development phase. Because drugs are often relatively easily imi-
tated by competitors, patents are a highly significant form of resources control, and
thus a very important source of market power for the companies holding them.
However, there are a number of problems involved in the use of patent statistics, for
instance the possible difference in patenting policy (timing and scope) between com-
panies (Basberg 1987 and Pavitt 1988), the difference between leading (real
innovative), defensive and follow on (me-too) patenting, as well as the increased
importance of licensing-in and licensing-out in order to attain a complete patent
portfolio (to buy the right to use a patent from or to sell this right to a competitor,
Fitzgerald 1992, Gambardella 1992 and Valle and Gambardella 1993). Paragraph 6.2.3
addresses these problems. As was shown in § 3.3.2, the developmental process takes
many years. The companies which succeed in reducing the development time will
considerably improve their time-to-market and therefore their profitability and
competitive position (e.g. Redwood 1987 and Taggart 1993).
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Innovation, although essential, is not enough to reach the goal of attaining long-term
profitability. It is obvious that without an adequate marketing and sales force an
innovative drug will never reach its full profit potential. Vos (1989) analyzed two
companies which jointly developed a drug. The successive marketing effort was
separately done. The firm with the best R&D-marketing interface clearly got the
highest return on investment. Therefore, the industrial indicators (measures of indus-
trial efficiency), the annual growth rate and the operating profit margin, are used in
this study. Exhibit 4.6 outlines the defined and empirical concepts of performance and
effectiveness.



Exhibit 4.7 LINKAGE OF THE EMPIRICAL CONCEPTS OF MANAGEMENT CONTROL
AND THE CONTIGENCIES TO THE RELEVANT LITERATURE
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4.4 CHECK ON COMPLETENESS

International literature and information obtained from experts in the field of bio-
medical research yielded 38 factors which are related to performance and ef-
fectiveness. Exhibit 4.7 shows that most of these factors are covered by the empirical
concepts of management control and the contingencies. Elements related to research
culture are implicitly referred to under personnel control.

In order to check whether the defined and empirical concepts of management control
provide sufficient descriptive coverage, they are compared with the requirements for
effective control (see § 2.4.2)

! Goal formulation capacity is assessed under planning, the strategic, tactical
and operational goal formulation and the division of the personnel and
material means over the different research projects.

! The variables which give insight into the model all have reference to the
structure and behaviour of the target system (Kramer and de
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Smit 1982). The empirical concepts measuring the degree of administrative
control give an indication of the level of flexibility, and thereby the structure
and behaviour, of the target system.

! Attaining information about the research process and the task environment is
essential. These two elements are thought to pose the greatest degree of
uncertainty for an organization. Information about the scientific community
and the contractors is obtained by international and contractor
communication. Information about the (system of) value adding learning
loop(s) is obtained by research process communication.

! The measures of control regarding the personnel and resources of the re-
search unit can be found under system control (the effectiveness of personnel
policy, the adequacy of the resources, and the pace of resource allocation).
The measures of control of the (system of) value adding loop(s) can be found
under research process communication and the intensity of international and
contractor communication. Each measure of control also relates to one of the
other requirements for effective control, because the structure and behaviour
determining characters of the model also sets limits on the number and nature
of the available measures of control,

Exhibit 4.8 confronts the empirical concepts of management control with the tasks of
and choices to be taken by the research management (Mason 1979). Most of these are
related to process control, the choices and tasks 1, 2, 3, 5, and 6 refer to different
aspects of the planning of the research process; 7, 9, and 13 refer to research process
communication, the building of a supervision structure to enhance single-loop and
double-loop learning; and 8, 11, and 12 refer to external control, the communication of
research activities and results to outside agencies (e.g. funding agencies, the scientific
community and the community of users). Finally, the choices and tasks 4, and 10 refer
to elements of system control, the acquisition and allocation of resources and adminis-
trative control, respectively.

4.5 CONCLUDING REMARKS

In this chapter the triangular model is introduced, which relates the empirical concepts
of the contingencies and management control with performance and effectiveness.
Based on the evidence presented in this chapter, it can be concluded that the
contingencies and management control sufficiently cover the relevant entities, objects
and relations to achieve effective control. In the next chapter the hypotheses based on
the triangular model are formulated. They predict the expected differences in the
management control situation between high and low performers on the one hand, and
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between the strata on the other. Following this, the hypotheses regarding the
contingencies are drawn up and different cross-sections of the industrial study sample
are made.



CHAPTER 5

HYPOTHESES

This chapter concentrates on the hypotheses concerning the relationships between
management control and the contingencies on the one hand, and performance and
effectiveness on the other. In § 5.1 the main hypothesis will be elaborated for the three
strata, taking into account their specific goals and objectives, the profit or not-for-
profit background of the organizations and the level of task uncertainty. Paragraph 5.2
concentrates on the hypotheses concerning the contingencies, and § 5.3 examines
different cross-sections of the industrial study sample. Companies with a more radical
R&D orientation are compared with those with those with a more incremental
orientation, autonomous pharmaceutical companies (the pure play pharmaceuticals)
are compared with <dependent’ pharmaceutical divisions of chemical conglomerates,
and Anglo-American companies are compared with continental European ones. This
chapter ends with an overview over the different hypotheses.

5.1 MANAGEMENT CONTROL

As was already stated in § 1.2, the following three research questions relate man-
agement control to R&D performance and effectiveness:

1 Do certain aspects of management control affect R&D performance and ef-
fectiveness in a positive way?

2 If so, to what extent do these aspects affect R&D performance and effective-
ness, and which instruments should be used to increase R&D performance and
effectiveness?

3 What is the impact of the organizational setting (universities, institutes and
company laboratories) on this relationship?

The basic idea behind this study is that management control, being the resultant of
organizational flexibility and control capacity, is fundamental for success in
biomedical research and pharmaceutical innovation. Hypothesis 1 (the main hypothesis
and generalization, see § 1.2) is underlying all the other hypotheses concerning
management control, and supposes the following answer to research question 1:
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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. If replication of the study design in the three strata yields
consistent results, this enhances confidence in the generalizibility of the findings.

Not all factors of management control will be equally important. One of the objectives
of this study is to indicate which are the most critical for success in biomedical
research (research question 2). In chapter 2, three important sources of differentiation
between the three strata were distinguished. There are differences originating from:

! the objectives and goals,
! the profit or not-for-profit background of the organizations, 
! the environmental and task uncertainty.

In this paragraph these sources of differentiation and their expected influence on the
relative strength of management control in the three strata will be discussed (research
question 3).

5.1.1 The Objectives and Goals

In Bresser and Dunbar's (1986) study the objectives and goals of the different research
units were more or less the same, all belonging to the academic world. The objectives
and goals in the three strata, however, are quite different. The main objective of
universities is to produce and disseminate scientific and technical knowledge. This
objective is met by doing fundamental research and by teaching at graduate and post
graduate level. In addition, public services are performed (university museums,
botanic gardens etc.). One of the most important of these services is patient care in
academic hospitals. Research, education and patient care are equally important. One
can rightly argue that a professor, by writing a university textbook, which inspires
hundreds of students, has contributed more to the advancement of his/her discipline
than his/her colleague who writes an article for a scientific audience. Patient are also
more interested in the medical skills of the physician than in his/her scientific prestige.
The reader should keep in mind that a department which performs poorly in research
might well be one of the leading surgery or education departments in the Netherlands.
The main objective of institutes is to produce research services for governmental or
industrial contractors, or for user groups, such as physicians and patients. The main
reason for the existence of the R&D function in a company is to produce <marketable
knowledge’ (Veblen 1957 [1918] first used this term for universities). An industrial
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R&D laboratory has to direct itself to the commercial objectives of a company. For the
company it does not matter whether the research on which it is based is of a high
standard or not. In exhibit 5.1 the different objectives of universities, institutes and
companies are summarized.

In this study the performance and effectiveness measures are chosen in such a way that
they can be regarded as reflecting the primary goals and objectives of the
organizations (research performance and effectiveness in universities, user
performance and effectiveness in institutes, and innovative and industrial performance
and effectiveness in companies). Due to the fact that in both universities and institutes
the same set of performance and effectiveness measures are used, performance and
effectiveness measures are also applied, which can be considered as reflecting
secondary goals and objectives, such as user performance and effectiveness in
universities and research performance and effectiveness in institutes. It is expected
that the performance and effectiveness measures which reflect the primary goals and
objectives of the organization will be strongly and similarly related to management
control across the strata, whereas the performance and effectiveness variables which
reflect the secondary goals and objectives will be weakly, and not uniformly, related to
management control. These expectations can be transformed into the following sub-
hypothesis of hypothesis 1. Exhibit 5.2 depicts hypothesis 1.1 in terms of relationships
between theoretical constructs.
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Hypothesis 1.1
As regards the performance and effectiveness measures which reflect the primary
(secondary) goals and objectives of the organization, strong and similar (weak and
different) relationships with management control will be found across the strata.

It is possible that the management control situation in some of the organizations is
<objectively’ better than in others. Perhaps there are universities or institutes which
really get the best out of their scientific staff by increasing their organizational
flexibility, by limiting the bureaucratic constraints and improving the human resources
situation. Such universities or institutes are likely to attract the best researchers. If this
is the case, it would be expected to find an uneven distribution of high-quality research
units among the different universities and institutes. Therefore, the results are
analyzed at the level of the organization as a whole. Because of the high level of
aggregation only a qualitative analysis was carried out (see § 9.6). 

Hypothesis 1.2
An uneven distribution of high-quality research units over the different universities
and institutes may indicate a difference in organizational flexibility.

In contrast to universities and (although to a lesser extent) institutes, the variables of
system control in the more vertically integrated pharmaceutical companies are
expected to be more directly related to the objectives and goals of the top management,
and thus to organizational flexibility, than to the control capacity of the research
management. It is therefore expected that these variables will be primarily associated
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with the industrial performance and effectiveness variables, which reflect the
performance and effectiveness of the organization as a whole. Most variables of
process and external control, however, are expected to reflect the control capacity of
the research management. They are therefore expected to be primarily associated with
innovative performance and effectiveness.

Hypothesis 1.3
System control is expected to be more closely associated with industrial performance
and effectiveness, and process and external control with innovative performance and
effectiveness (see exhibit 5.3). 

5.1.2 Profit versus Not-For-Profit 

All universities and most institutes are part of the public sector, and therefore subject
to state (e.g. personnel, purchasing, and construction) regulations and budget
management restrictions. The personnel complement is largely fixed through tenure
and contractual provisions. Life-time appointment, combined with a strong legal
status, limits the possibilities of decisive intervention in situations of conflict. As was
shown in chapter 2, additional problems arise in universities because of the large
horizontal and vertical decentralization and the resulting loose coupling. Short-term
reallocation of resources is constrained by conflicting interests within the faculty or
between the different organizational levels. The yearly planning begins with the
largest share of the budget precommitted, so that even when resources are available
certain expenditures are impossible. In the more centralized institutes the different de-
partments have fewer possibilities to delay short-term reallocations. Furthermore, the
great task specialization in universities makes it difficult to reallocate scientific
personnel to another specialist area. Therefore, management instruments such as job
rotation often cannot be used. Also, with the average salary level in universities and
institutes being significantly lower than in industry, it is more difficult to build up a
competent staff, from the earnings point of view. Therefore, work-intrinsic motivation
(<spiritual income’) is especially important in universities. Seen from the angle of
income it is interesting that Spangenberg (1989) discovered that the researchers in the
outstanding research units in clinical medicine earned considerably lower than their
colleagues in the less performing ones, spending their <after-office hours’ on research
instead of on more profitable private clinical practice.
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The accountability, the relationship between objectives and performance, is most clear
in companies. As Besse (1973, p. 110) states: <In a business organization there is
always one quantitative measure of performance ... the rate of earnings on the capital
invested. Because dollar profits are both the objective of the activity and the measure
of performance, the operation of the company is keyed to accountability for the profit
achieved.’ Although it is too simple to say that the main objective of a business enter-
prise is to make money for long-term survival on the market, this assertion contains an
underlying truth that to a great extent provides a clarity of purpose and an integration
of management that are absent in universities and institutes. The feedback on a reduc-
tion in results is very direct. The operating profit margin is very compelling, because
of the permanent threat of being overreached by a competitor. In companies, admi-
nistration and professionals have corresponding interests: maintaining the profitability
and thereby the competitive position of the company. The convergent goals, together
with the interdependency, prevents competition between units getting out of control.
The above considerations lead us to expect that the relative strength of system control
will be highest in pharmaceutical companies and lowest in universities, with the
institutes taking up an intermediate position (see also exhibit 2.5, pg. 58). 

Hypothesis 1.4
The assessment of system control will be most positive in industry, and least positive



Hypotheses 107

in universities, with the institutes taking up an intermediate position.

Comparing different companies in industry, the knowledge about and the degree to
which the laboratory management can meet the needs and wishes of the scientific staff
may be one of the factors determining the level of system control. In § 5.3.2 which
compares autonomy and dependency will be returned to this point. 

5.1.3 Environmental and Task Uncertainty

Environmental and task uncertainty is generally assumed to decrease as activities pass
through the sequence basic research, applied research and experimental development
(Cohen and March 1974, Zeldenrust, 1989). The research activities are thought to be
rather uncertain, especially in basic research, in the sense that task outcomes are not
repetitive and predictable. Therefore, scientific research is said to be conducted in a
sea of unforseen contingencies. To lower the level of environmental and task
uncertainty, university researchers must keep in constant communication with
colleagues, not only in-house but also national and, especially, with international
colleagues, to keep up with the state-of-the-art in their research field. It is expected
that the scientific staff in the best research units in our sample will be fully integrated
in the international scientific network and will show the highest frequency of
international communication (the <cosmopolitans’ in terms of Gouldner 1957, see §
5.2.5).

But contrary to this dominant view, the high environmental and task uncertainty may
not be such a disadvantage. This is because, in academic research negative results are
also important in theory building (falsification principle), and may lead to new
theoretical constructs or sometimes even to new paradigms. Furthermore, in institutes
and in the discovery phase in industry, environmental and task uncertainty are also
relatively high. Mayntz (1985) considers the external environment of institutes even as
more hostile than that of universities (see § 2.5.2). The fact that outside contractors
expect value for money in terms of applicable concepts and artifacts, can put a lot of
pressure on the institute's management. It is therefore expected that contractor commu-
nication is of great importance in institutes. Mayntz indicated that the research
directors in her sample used most of their time outside the institute negotiating with
contractors and funding agencies. Therefore, it is expected that much emphasis is
placed at contractor communication in the best performing research units in institutes. 

Although the use of new techniques has made the searching for the lead compound less
fortuitous, the research activities in the discovery phase are still highly unpredictable
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(see § 3.2.2). The scientific staff may try to reduce the environmental and task uncer-
tainty by intensive in-house and R&D network communication. It is expected that
especially the researchers in the best performing discovery departments will put a lot
of effort into R&D network communication, being most eager to attain innovative
ideas. A survey of general and R&D managers of 39 companies in different industries
in Holland revealed that twice as many innovative ideas came from the external net-
work (designers, innovators, universities and research institutes) than from the internal
organization (Smak 1990). An interesting example of the opportunities for scientists in
the discovery phase to obtain new and innovative ideas by R&D network
communication was also given in box 2.1 (see pg. 39). In-house communication must
also be intensive to get the best alignment of the different projects in the discovery
phase. International communication is also important in clinical development. But here
the primary goal is to broaden the contacts with physicians, the customers of the
companies and the gatekeepers for the clinical trials, and also to broaden the
communication network with other pharmaceutical companies, to provide a learning
curve for the eventual marketing of a new product.

In contrast to the discovery phase, the research activities in pharmaceutical and
clinical development are of a more repetitive and predictable nature, and can be
planned according to strict schedules. There is always a certain tension between the
rigidity of planning and the creativity of the researcher. It is therefore expected that in
the most successful development departments the scientific staff is more committed to
the necessities of planning and will therefore react more positively to planning
directives. Especially in late pharmaceutical and clinical development, intensive cross-
functional communication with marketing and production is thought to be essential to
improve the time-to-market. It is therefore expected that cross-functional
communication will be most intensive in the best performing development
departments. This leads to the following hypotheses:

Hypothesis 1.5
High performers will show a higher level of external control than low performers. In
universities and in pharmaceutical innovation this will be made apparent through more
frequent international communication, and in institutes in more frequent contractor
communication as well.

Hypothesis 1.6
In the best performing development departments, (1) the scientific staff will put more
emphasis on the importance of planning, (2) the level of cross-functional
communication with marketing and production (measured as the attendancy mix) will
be higher, and (3) the international communication will be more frequent (see exhibit
5.4). 
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5.2 THE CONTINGENCIES 

5.2.1 Size, Economies of Scale and Threshold Level

Size can be considered to be by far the most important contingency in relation to
performance. But does larger size also lead to higher effectiveness? In other words,
can <economies of scale’ be observed in biomedical research and pharmaceutical
innovation? 
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Economies of scale are common in industrial production. Scale economies permit
relatively large producers to manufacture and market their products at lower average
cost per unit than relatively small producers. The principal basis of scale economics is
specialization or the division of labour. Special machinery can be designed to perform
special tasks with considerable savings in time and labour. Another benefit derives
from reserves. A firm which is anxious to maintain continuity, must hold equipment in
reserve against machine breakdown or to meet fluctuations in demand. A larger firm
can hold a relatively smaller portion of its capacity in reserve than a smaller one, and
can spread the overhead costs over a larger range of products. From a dynamic point of
view, the <economies of scale’ principle is related to the phenomenon of the learning
curve. When a new product is introduced the cost per unit is initially high, probably
too high for the small producer, but as cumulative output increases, the cost per unit
output falls. Of course, the decline in costs per unit cannot continue indefinitely. In
nearly all production and distribution operations, the realization of scale economics is
subject to diminishing returns. For instance, difficulties in controlling large scale
production with frequent breakdowns or careless work might overwhelm the savings
due to high volume. 

Taggart (1993) concludes, on the basis of different studies, that a minimum investment
in pharmaceutical R&D is needed, beneath which it is difficult to achieve satisfactory
returns on investment. Above this level the picture is not quite so clear. A number of
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researchers (e.g. Angilley, 1973 and Shrieves, 1978) conclude that above this threshold
increasing returns on investment are obtained through pharmaceutical innovation.
Contrary to this, Soete (1979), on the basis of a more detailed database, points at a
tendency towards decreasing returns on investment. In a recent paper, Graves and
Langowitz (1993) also showed diminishing returns to increasing size of R&D expendi-
tures. In their study, however, biotechnological firms were compared with pharma-
ceutical firms. The large differences in size and markets (mostly diagnostics in bio-
technology) make it difficult to compare them. As was shown in chapter 1, large
mergers have occurred in the pharmaceutical industry in recent years in order to attain
cost leadership and <economies of scale’ in marketing and production. This book will
analyze whether this tendency towards concentration is also valuable from the
perspective of effectiveness in pharmaceutical innovation.

A number of researchers (e.g. Spangenberg 1989 for clinical medicine and economics)
claim to have found <economies of scale’ in academic organizations. However, larger
size has been criticized for creating a poor research environment (e.g. Stroup 1966). In
addition, a number of studies have actually shown a negative association between size
and effectiveness (e.g. Bresser and Dunbar 1986). The much greater horizontal and
vertical integration of units in institutes when compared to universities means that the
size of the unit in institutes can only to a small extent be attributed to the work of the
research unit management itself. Therefore, the hypotheses formulated below can only
be tested in universities.

There is some literature about the optimum size of a research unit, but no information
exists concerning the minimum size. Still, it is an important factor in system design. In
this study it is hypothesized that a threshold level exists, below which the primary
tasks of the research management (research, education and clinical practice) take so
much time that time for acquisition is lacking. It is therefore expected to find a lower
annual growth rate (or even a negative one) in smaller research units than in larger
ones. Smaller unit size can also be the result of poor quality, or the result of the
professor's policy of keeping the unit <small but beautiful’. Therefore, no hypothesis
can be made about the research effectiveness of these small units compared to larger
ones.
Above this threshold level, larger size may improve the number and range of man-
agement tools and thereby enlarge the control capacity of the research management.
Until a certain optimum level, larger size may positively influence personnel control
(the number of incentives is larger and the possibilities of separating staff members in
case of conflict is greater); resources control (there are fewer conflicts over limited
resources), planning (it is easier to reallocate personnel means between research
projects, or to start a new research line), research process communication (there is a
larger variation in expertise, know-how etc.) and external control (there is a larger
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budget to send researchers to congresses abroad and there is relatively more time
available for contractor communication) leading to higher performance and effective-
ness and accelerated growth (the amplifying loop A in box 3.1 on pg. 39). Above this
optimum level, <economies of scale’ may turn into <dis-economies of scale’ because the
span of control of the head of the unit may put limits on the size of the unit because of
coordination problems due to weaker control capacity (the stabilizing loop B in box
3.1, Mayntz 1985, see § 3.3.1).

Hypothesis 2.1
A certain threshold level will exist, beneath which pharmaceutical innovation will be
difficult to maintain, and university research units will be less viable. Above this level
economies of scale will appear, with increasing research and innovative performance
and effectiveness. This will continue until an optimum level is reached, above which
the effectiveness will decline.
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5.2.2 Project Size, Programmatic Homogeneity 

Mayntz (1985) indicates that one of the most difficult tasks of the head of a research
unit is to maintain programmatic homogeneity. Programmatic homogeneity refers to
the question of whether the scientific staff is working on a coherent research
programme, which consists of a limited number of more general themes, or whether the
research programme is split up into many relatively small research projects. A unit
with a high number of relatively small projects has the advantage of spreading of risk.
Some of the research lines may lead to interesting break-throughs, which otherwise
would never have been found. The disadvantages, however, are obvious. Such a unit
cannot profit from <economies of scale’, both in terms of research equipment and in
terms of organizational learning. Building up expertise within the unit, where the one
researcher or research group profits from the insights obtained by others, is more
problematic. However, above a certain level the disadvantage of insufficient risk-
spreading may counteract the <economies of scale’. 

In this study, the relative size of the largest research project is used as a measure for
programmatic homogeneity. One should realize, that different demarcations between
research projects are possible. One can demarcate according to individual PhD
curricula, according to research lines (a number of more or less integrated research
projects under the supervision of one or more senior scientists) or according to
funding. Because of the aim to assess programmatic homogeneity, the demarcation
according to research lines has been chosen.

Sub-hypothesis, size 2.1.1
The projects in the research units will show an optimum size, above which the ef-
fectiveness will decline.

5.2.3 Time-Allocation, Research versus Clinical Practice

It is possible that the performance and effectiveness of a research unit is largely
determined by the non-research tasks, the most important of these being patient care in
clinical units. It is expected that researchers working in a clinical setting will present
more papers of interest for physicians. Spangenberg (1989) found a positive rela-
tionship between research performance and the time spent on research, and a negative
one between research performance and the time spent on clinical practice outside the
hospital. Therefore it can be expected, that:

Hypothesis 2.2
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The time allocated to research and clinical practice will show an inverse relationship.
A positive association will be found between the time allocated to research and
research effectiveness and between the time allocated to clinical practice and user
effectiveness.

5.2.4 Age, The Life Cycle Concept 

The analogy of the life cycle of organisms (birth, growth, maturity and decay) is often
used to describe the development and decay of organizations, products or markets in
management literature. Confirming evidence that the life cycle concept can be applied
to research has been provided by Allen (1977) for industrial innovation, who found the
highest effectiveness in the first years after the appointment of a research director. If
the life cycle concept is applied to academic research (see box 5.1) it can be postulated
that in the years following the appointment of a professor the research unit will grow
vigorously, both in size and performance, reaching a mature level, and will decline
again in the time gap between superannuation and the appointment of a successor.
Based on the life cycle concept it is expected that the more successful research units
will employ a relatively younger research and support staff. This is operationalized by
the percentage of staff in the different ranks under the age of 40 years. 

Hypothesis 2.3
On the basis of the life cycle concept, a positive relationship between organizational



Hypotheses 115

age and research and user performance, and negative ones between organizational age
and research and user effectiveness and annual growth rate, are postulated. The more
effective research units will employ a relatively younger staff than the lower
performing units.
 

Box 5.1 

The life cycle of a professor can be described through the analogy t o
the life cycle of organisms. After the appointment of a young professo r
an incubation period starts. In this period the research unit has to be
built  up. Frictions may arise with the existing scientific staff. Caree r
expectations may be frustrated, and it often takes time to ge t
acquainted with the research techniques or way of working of th e
newly  appointed professor. This switching of research interest can b e
espec ially problematic in fast changing research fields. In times o f
budget  retrenchments it may be difficult to build up a research unit o n
faculty resources. Therefore, a young professor will have to loo k
around for additional resources. He/she may attend internationa l
congresses more frequently to gather ideas for new research lines, t o
look for niches (areas of research which are not occupied by (to o
many)  other research groups) and to present the new group to th e
scientific  community. After about four years the young professor ca n
star t to harvest. The first PhD students defend their theses, and th e
resu lts of the first externally financed projects can be presented. Th e
group  starts to find a niche and becomes accepted by the scientifi c
communi ty or/and the community of users. A period of rapid growth
can start. The newly appointed assistant and associate professors give
a further stimulus to the research programme. More research project s
can be presented to the scientific community, leading to the amplifyin g
loop A (see box 3.1, pg. 39). A large variety of different projects ar e
started, and the research programme branches out to related research
fields.  The unit is externally oriented, many congresses are attende d
and more and more colleagues visit the unit. Many articles ar e
received for peer review and the professor may be asked to attend the
editorial  board of a scientific journal. This rapid growth phase may take
10 years. Then the unit reaches maturity. The growth has slowe d
down or may even have stopped. The professor has a strong positio n
within the faculty, he/she has become a member of the faculty board or
chairman of the research committee etc. Consequently, the uni t
becomes more internally oriented. However, the position within th e
scientific  community is secure, the group is distinguished. This perio d
of maturity ma y last for 10 to 15 years. At the end of this period th e
decay starts. The unit is not very innovative any more, not many ne w
and interesting papers are sent to scientific journals. The position in the
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faculty is strong. The professor is Dean of Faculty and has many con -
tacts on the university level. This period ends with the superannuatio n
of the professor.

5.2.5 Power, Internal versus External Orientation 

Two main strategies can be distinguished for attaining a positive power balance. A
head of a research unit can either build up a strong position within the faculty or
institute (internal orientation, assessed by signatory authorization capacity), and/or
increase the number of financial resources by obtaining additional external funding
(external orientation). External funding lowers the dependency on governmental
funding and therefore on the faculty administration. Due to the non-structural
character of external funding, junior scientists will generally be appointed to
externally financed projects. Therefore, it is expected that external funding is
positively associated with a high junior to senior scientist rate. It is hypothesized that
the head of the research unit in the maturity phase of the life cycle will have a larger
research unit, and more authority within the faculty than a starting professor.

The contrast between internal and external orientation can also be referred to as the
two polar types of scientists, cosmopolitans versus locals, as first distinguished by
Gouldner (1957). Cosmopolitans are faculty peers, whose colleagues are across the
world and share their specialized scholarly interest. They tend to conduct research and
publish, to find their rewards and satisfaction in their disciplinary activities, and to use
their institutions as a basis for their external activities. Cosmopolitans are less likely
to be concerned with faculty issues. Contrary to this, locals are primarily faculty
members, heavily involved in faculty activities and politics, and only secondarily
externally oriented scholars. If these polar types still exist, an external orientation is
expected to be positively related to a cosmopolitan attitude.

Hypothesis 2.4
Positive associations of organizational age and size with internal orientation and
negative ones with external orientation are expected. Via organizational age and size,
internal orientation will be positively associated with research and user performance
and negatively associated with research and user effectiveness and annual growth rate,
while external orientation will show the inverse relationships.
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5.3 DIFFERENT CROSS-SECTIONS IN INDUSTRY

Different cross-sections of the industrial study sample have been made in order to
answer questions regarding the innovative strategy, dependency or autonomy, and the
cultural background of the head office of the company. In the coming paragraphs the
respective hypotheses will be discussed.



Study Design118

5.3.1 Radical versus Incremental Orientation 

Although the companies in our study were selected on the basis of a considerable <in-
house’ innovative capacity, the primarily orientation may differ. As Roussel et al.
(1991) state, the amount and the advancement of the technology a company needs also
depends on the orientation of the company, towards research (radical strategy) or
development (incremental strategy). A company conducting a radical strategy
emphasizes discovery, whereas a company conducting an incremental strategy is
primarily directed towards speeding up product development in order to introduce
drugs with small improvements on a regular basis (Taggart 1993). The importance of
such incremental improvements is sometimes neglected. As Gross (1983, p. V) states:
<Developmental operations may also contribute substantially to progress and may
serve in various respects to improve medicines and expand therapeutic possibilities
better than the results of many original research efforts.’ For example, the way a drug
is administered, whether it has to be injected or can be taken orally, can make a large
difference to the patients concerned. 

No large differences are expected between more radical and incremental companies in
building and maintaining an extensive R&D network. More radical pharmaceutical
companies will put considerable effort into gathering innovative ideas, and
implementing joint research projects with universities, institutes or biotechnological
or other pharmaceutical companies. More incremental companies have to maintain a
high level of basic biomedical knowledge as well, to judge the merits of the patents
licensed-in and of joint research projects with external R&D partners. In recent years,
innovative pharmaceutical companies have moved gradually from a more radical to a
more incremental strategy. This has been done in order to increase the life cycle of
their products, by implementing smaller improvements (for instance in drug delivery)
on a regular basis (Taggart, 1993). These recent changes and their influence on
effectiveness in innovation will be analyzed in this study. It is expected that the
innovative strategy chosen by the company is reflected in the following technology
parameters. 

Hypothesis 3.1
Companies conducting a more radical strategy will spend a larger part of the R&D
expenditure on the discovery phase. They are expected to employee a higher percen-
tage of scientists in R&D and their scientists will pay more attention to international
communication, being more eager to gain new innovative idea's. In contrast, compa-
nies conducting a more incremental strategy will pay more attention to the planning
and organization of the developmental process, and thus are expected to show more
frequent lateral and cross-functional communication.
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5.3.2 Pure Play Pharmaceuticals versus Conglomerates 

In order to study the possible influence of dependency versus autonomy, the industrial
study sample was divided into pharmaceutical divisions of chemical conglomerates
and autonomous pharmaceutical companies (the <pure play pharmaceuticals’). Pharma-
ceutical companies have gradually diversified into related and non-related markets,
such as over-the-counter drugs, diagnostics, veterinary products, specialized chemi-
cals, and cosmetics and toiletries. In addition, conglomerate diversification has
occurred, such as in the case of pharmaceutical companies entering consumer products
and services. On the other hand, large, mostly chemical, corporations have obtained
interests in pharmaceutical companies. Taggart (1993) predicts from the cost perspec-
tive that only the large chemical conglomerates will have the financial strength to sur-
vive, and will acquire more autonomous pharmaceutical companies in the years to
come. Contrary to this is the observation that autonomous companies are generally
better adapted to their specific markets (e.g. Allen 1977). The recent divestments of
non-drug interests by some pharmaceutical companies, and the demerger of a phar-
maceutical division by a chemical conglomerate, seem to support this observation. 

Hypothesis 3.2
Autonomous <pure play pharmaceuticals’ will perform better than the dependent
pharmaceutical divisions of conglomerates, due to their better adaptation to the
pharmaceutical market.

5.3.3 Anglo-American versus Continental European Companies 

The conglomerates in the study sample have a predominantly continental European
background, while the pure play pharmaceuticals generally have an Anglo-American
origin. Larger differences in organization, management and work-related values,
influencing the innovative climate of a company, have been observed between Anglo-
American and continental European companies (e.g. Hofstede 1980). In order to get an
idea of these differences, this study compares subsidiaries and companies with an
Anglo-American to those with a continental European head office.

5.4 CONCLUDING REMARKS

In the following the main hypothesis and the derived hypotheses to be tested in the
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empirical study are summarized in the exhibits 5.8a and b.
The world of deductive reasoning is not similar to the empirical world. It is quite
different to demonstrate that there is a rationale for a positive relationship between
aspects of management control and research performance and effectiveness, and to
demonstrate that there is evidence which confirms this relation in the empirical world.
Valid instruments are needed to measure management control and performance and
effectiveness, and a selection has to be made of the organizational units to be included
in the study population. The next chapter concentrates on the instruments of data
collection and the methods of data analysis.







CHAPTER 6

METHODS OF DATA COLLECTION AND DATA
ANALYSIS

This chapter concentrates on the instruments of data collection and the methods of data
analysis. The first two paragraphs focus on the linkage of the empirical concepts
through the instruments of data collection (questionnaires, public reports and
bibliometric methods) to the empirical world and to the relevant literature. Following
this, the measures taken to guarantee the reliability of the methods of data analysis are
discussed. This chapter ends with describing the selection criteria and approach of the
study population.

6.1 INSTRUMENTS OF DATA COLLECTION

The study consisted of structured interviews with professors and research directors. In
addition, two questionnaires were sent to the research management, regarding
quantitative and qualitative aspects of management control and contingencies. In order
to warrant objectivity, the performance and effectiveness measures were obtained from
public reports and bibliometric measures.

6.1.1 Structured Interviews and Research Questionnaires

Structured interviews were held about management control of biomedical research in
particular and research organizations in general with a selected sample of experienced
professors and with one or two of the Research Directors of each Health Research
Institute. In each pharmaceutical company, one or two of the Directors of the
Research, Development and Clinical Research Divisions (mostly members of the
Board) was/were interviewed. To avoid misinterpretation, the structured interviews
were tape recorded. The results of the interviews were sent to the respondents for
approval, mistakes were corrected and confidential information excluded. In addition,
two questionnaires were sent, ReQuest 1 and 2 (Research Questionnaire 1 and 2, see
appendix A). In order to ensure uniform interpretation, definitions of the variables
were included in the questionnaires. 
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ReQuest 1 consisted of quantitative questions about the personnel and material
resources as input measures, and publications, congresses, patents and licences as
output measures. If the output data obtained from public sources did not correspond
with the answers on ReQuest 1, this was checked by the management concerned. In
universities and institutes, one respondent per research unit was asked to fill in
ReQuest 1. Because only a few questions in ReQuest 1 regarded the company situation,
these were included in the structured interviews (see appendix B). The output data
obtained from public sources were checked with the answers in ReQuest 1. If
discordance was found, this was checked by the research management concerned. In
institutes and industry only limited discordance was found. In universities, however, in
a number of cases the public reports proved to contain incomplete or obsolete in-
formation (see § 7.3.1). 

ReQuest 2 was submitted to those members of the scientific staff who were directly or
indirectly in charge of research management, the heads of the research units and their
senior scientific staff in universities and institutes. In the much larger company labora-
tories the questionnaires were submitted to the heads of the different research
departments. In ReQuest 2, the scientific staff was asked to give qualitative judge-
ments regarding personnel policy, pace of administrative procedures and the adequacy
of laboratory equipment, facilities and space. For most of the items Likert 5-point
response format was used, and a limited number of items were assessed with 2 and 3-
point response formats. Before the data sampling started the questionnaires were tested
on a sample of 12 biomedical researchers from the Faculty of Science, and 4 retired
staff members of pharmaceutical and chemical industry. Their comments were
incorporated into the questionnaires. Exhibit 6.1 shows which questions in the research
questionnaires link the theoretical constructs of management control and the
contingencies to the empirical world. The exhibits C.1 and C.2 in appendix C outline
the operational definitions of management control and the contingencies.



Exhibit 6.1 LINKAGE OF THE THEORETICAL CONSTRUCTS OF
MANAGEMENT CONTROL AND THE CONTINGENCIES TO
THE QUESTIONS IN REQUEST 1 AND 2
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-
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6.1.2 Operational Measures for Performance and Effectiveness

UNIVERSITIES AND INSTITUTES

Sixteen different performance and effectiveness measures for universities and in-
stitutes were mentioned in the relevant literature. They can be divided into two broad
groups: quantitative measures (as number of scientific publications, PhDs,
memberships of Editorial Boards etc.) and qualitative judgements by national and
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international peers. In order to assess the relative importance of the different
measures, Franklin (1988) asked the respondents in his European survey to select the 3
to 4 most important indicators for evaluating research performance out of a list of 12
(see exhibit 6.2). The indicators were divided into achievement indicators (number of
articles, books, conferences participated in, but also number of awards), reputational
indicators (memberships of organizations with national or international scientific
credibility, and honorary doctorates), and personal indicators (personal communication
with peers and peer review). In contrast to the expectation of Fisscher (1986), that
scientists will prefer personal indicators (especially peer review), nearly all scientists
mentioned at least two achievement indicators. The most important achievement
indicator was the number of articles; 91% of the scientists mentioned articles in
refereed scientific journals, compared to 38% who mentioned one of the personal
indicators, which is even lower than active conference participation. Citation indices
were perceived as comparatively unimportant achievement indicators, and a number of
criticisms concerning this measure will be addressed in the next paragraph. Also the
relatively low perceived importance of international awards and honorary doctorates
as measures for performance and effectiveness is intriguing. In this study the
achievement indicators <articles in refereed scientific journals’ and <citation index’ are
used, combined with the reputational indicator <elective office in international organi-
zations’ (elective office on Editorial Boards). An account is given below of the
different performance and effectiveness measures, and the steps taken to provide for
the reliability of the measures. 

Publication counts
The performance and effectiveness of the research units was measured by the Centre
for Science and Technology Studies (CWTS) in Leiden. For a thorough description of
the methodology used is the reader referred to Moed et al. (1992). A computer search
was done to count the number of publications attributed to different authors, using the
database of the Institute for Scientific Information (ISI) in Philadelphia (USA). The
computer search started with an updated list of the last names of the heads of the units
and the senior scientific staff, provided by the author of this book. This list was
matched with the author index of the ISI database. To avoid mis-interpretation, the
selection of the authors was made using the family name, taking into account possible
variations in the family name due to mistakes at data entry, and the first initial of the
author, combined with the name of the city where



Exhibit 6.2 THE PERCENTAGE OF SCIENTISTS STRESSING A
PARTICULAR ITEM AS BEING ONE OF THE THREE MOST
IMPORTANT INDICATORS FOR EVALUTING SCIENTIFIC
PERFORMANCE

percentage
%achievement indicators

1
2
3
4
5

articles in referred scientific journals
active conference participation
books and chapters in books
citation index and other indices
international awards and distinctions

percentage
%reputational indicators

6
7
8
9

10

elective office in international organizations
memberships in academic associations
elective office in national organizations
honourary doctorates and other honours
entries in 'who's who' etc.

percentage
%personal indicators

11
12

personal scholarly communications
reports from colleagues (peer review)

38
38

91
44
30
17
15

34
19
16
11
3

source: Franklin 1988
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the research unit was located. Manually, those articles were eliminated of which the
author, although complying with the above three criteria, worked in a different
laboratory (for instance there could be a brother or sister with the same first initial).
The number of papers (normal articles, letters to the editor, notes, and reviews) was
measured:

! in which one (or more) of the scientists of the research unit was a (co-)author,
! which were published in international scientific journals from 1985 to 1990,



Study Design128

  To give a particular example, the number of citations received during 1987-1989 by a1

<letter to the editor’ published in 1987 is compared to the average number of citation s
received during the same period by all <letters’ published in the same journal in the sam e
year.

! which were entered in the Science Citation Index (SCI), the Social Science
Citation Index (SSCI) or the Arts and the Humanities Citation
Index(A&HCI).

In case of a considerable difference the reason for this was checked by the research
management concerned. A problem of publication counts is that each publication does
not equally contribute to the body of scientific knowledge. To overcome this problem
the citation score was measured. A second problem is that publication traditions vary
enormously among disciplines. Whereas in disciplines with a high level of paradigm
development the scientific paper was the most commonly used vehicle for transfer of
scientific knowledge, in low paradigm disciplines this was more often a textbook. This
is one reason why comparisons can only be made between units operating in one
technology field, using similar research facilities, and publishing in the same body of
literature, subject to comparable refereeing procedures. As has already been stated in §
3.2.1, biomedical research can be considered a high paradigm discipline. One should
realize, however, that for each (sub-)discipline a different <scientific forum’ exists. As
a consequence, research units can be confronted with differing access to scientific
journals. Also the citation patterns can differ considerably across (sub-)disciplines.
The following discussion of the citation score will address this aspect further.

Citation score
The number of citations was assessed by the average number of citations per paper
entered in the SCI, the SSCI and the A&HCI in the first three years after publication,
starting with the year of publication. The number of citations per paper was related to
the impact factor, i.e. the average number of citations in the journal in which the unit
has published, taking into account the year of publication and the type of paper (e.g.
normal article, review, and so on ). Because a research unit publishes in several1

journals rather than one, an average was calculated, with the weights determined by
the number of papers published in each journal, separately. By using this procedure,
one is able to assess whether the articles of a research unit are cited relatively fre-
quently or not. If the articles are cited more c.q. less-than-average, the citation score
weighed for journal is more c.q. less than one. It should be noted that the comparison
of the journal weighed citation score has been criticized on the fact that the scientific
stature of the journals was ignored. As one of the critics stated: <this analysis does not
at all encourage groups to publish in the most prestigious journals’ (Moed et al.,
1992). To overcome this problem the citation rate was compared with the <world’
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  The validity of the classification into (sub-)disciplines by the ISI is often criticized. For1

instance, biochemical and molecular biology research is published in journals wit h
different citation patterns. The classification of the ISI does not in all cases reflect thi s
diversity. However, up to now it has been the best method available. Recently, the CWTS
started creating a database for journal-to-journal citation. An improved classification wil l
be made by use of cluster analysis.

average citation rate of all papers published in the subfields in which the research unit
was active. To assess the <world average’ citation rate, the scientific journals were
classified into subfields using the subject category listing of ISI . If a journal was1

assigned to more than one category a fractional counting scheme was applied: part of
the journal's papers was assigned to the first category and the other part to the second.
To calculate the citation score weighed for each (sub-)discipline the same procedure
was used as the one applied for the journal weighed citation score, replacing journals
by (sub-)discipline. 

The use of citation analysis presents a number of technical problems (Garfield 1979):

! Incomplete coverage of journals by the SCI, the SSCI and A&HCI.
! A paper containing results subsequently found to be wrong may be heavily

cited, at least until the error is clearly revealed. Here one should distinguish
between the intrinsic quality of a paper and its impact at the research front.
Only for the latter does citation frequency provide a reasonable indicator.

! The variation in citation rates among (sub-)disciplines. Moed et al. (1989)
found high short-term citation rates (based on three-year citation-countings)
in biochemistry and medium and low citation rates in physics and inorganic
solid-state chemistry, respectively.

! In addition, self-citation or citation by other authors of the research unit is a
notable problem. Because most research groups proceed on earlier results,
many (co-)authors cite their earlier work.

Because most of the research results in biomedical research are communicated in the
English language, the first point can be considered as a minor problem. Together the
Indices cover most of the Anglo-American scientific literature. The second problem
was overcome in universities, by checking high citation scores (more than twice the
world average) with independent experts outside the study sample. The third problem
was overcome by weighing for the average number of citations in the journals in which
the paper was published and for the average number of citations in the journals of the
(sub-)discipline(s) involved. The fourth problem has been met by excluding citations
of researchers from within the research unit. 
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Another question is whether the citation score can be considered as a valid measure for
the quality of the research output. Cole and Cole (1973) found a relatively high
citation score for Nobel Prize laureates (about ten times above average), even before
they had won the prize (cf. Nederhof and Van Raan 1987). Narin (1987) also pointed
out that citation analyses are often in concordance with the opinion of <peers’. On the
other hand, Moed et al. (1992) revealed a lack of agreement of citation analysis and
peer review judgment. However, this lack of agreement may not only be due to
shortcomings in the citation analysis. To amplify this statement, peer reviewing will be
discussed below.

Peer review
A peer review of a research unit typically includes:

! a site-visit of the laboratory,
! written and oral presentations by the researchers,
! interviews with the research unit management and junior and senior re-

searchers.

Peer reviewing has clear merits for the evaluation of research units. If carried out in an
optimal way, it is the only methodology which can give some insight into possible
future performance. However, peer reviewing was not included in this study, and not
only for practical reasons (the high costs involved). If peer reviewing is done in the
Netherlands, objectivity can be at risk, because the leaders of the groups to be
evaluated are often closely connected (for instance, former PhD students) to the
reviewing peers. If international peers are consulted, problems arise concerning time,
costs and the threat that peers may replicate the best research ideas in their own
laboratory. 

Annual growth rate
The only data which provide a longitudinal picture of the development of the research
units over a longer period of time are the annual growth rates. Data were gathered
about the personnel and material means, and the relative weight of basic versus
external funding in 1980, 1985 and 1990 (ReQuest 1, question 7).

INDUSTRY

As has already been stated in § 4.1.3, the percentage income from sales spent on R&D,
the number of patents granted per R&D investment, the length of the developmental
process, and the number of new products launched, were used as measures for
innovative performance and effectiveness in industry. In addition, the industrial
indicators of industrial efficiency, the annual growth rate and the operating profit
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 The Derwent categories B  include the steroids, the heterocyclic carbons, aromats,1
1,2,3 and 5

aliphats and organo-metals. The number of patents in the categories B  (the <biotech-4

nology’ patents: the oligo- and polipeptides, the immunodiagnostics, and the DNA- an d
RNA-sequences); and B  (new formularities, for instance tablet, capsule or catheter) were7

also measured, but not used (see the text).

margin, were used in this study. The operational definitions of the innovative
performance and effectiveness measures will be discussed below.

Number of patents
A patent search was conducted by the Centre for Information and Documentation of
the Dutch Organization for Applied Scientific Research (CID/TNO). The number of
patents for new synthetic chemical pharmaca  with first priority date submitted world-1

wide between 1986 and 1991 was obtained by using the Pharmdoc Section of the
World Patents Index Database of DERWENT Publications. Only compound patents
(patents for NCEs), and no process or formulation patents have been considered. A
compound patent gives protection for a specific chemical compound and its derivates
(a group of closely related biochemical compounds). In order to assess whether the
patents were submitted for NCEs and not for minor variations of drugs of other
companies (<me too patents’) or pharmaceutical or therapeutical extensions of existing
drugs (for instance an improved version or a new indication area), the CAS registration
numbers (Chemical Abstract registration of new chemical compounds) were checked.
Only those compounds were selected of which the CAS number indicated that they
were new at the time of patenting. 

The primary interest of this monograph was to get a better understanding of the work
of the proprietary innovative efforts of a company. Therefore, the results of the R&D
network of a pharmaceutical company, with universities, institutes and
biotechnological and other pharmaceutical companies, has not been studied. For
instance, the joint development of a drug by two or more companies, licensing-in and
licensing-out, and <biotechnological’ patents have not been taken into consideration. A
computer search revealed that the <inventors’ of most of the biotechnological patents
were not working in the pharmaceutical companies submitting the patent, but in
biotechnological companies, research institutes or universities. For a discussion of the
R&D network the reader is referred to Gambardella (1992) for US pharmaceutical
companies; della Valle and Gambardella (1993) and Albertini and Butler (1994) for
European companies and Sapienza (1993) for Japanese firms. Fitzgerald (1992)
provides a recent description of the possible licensing strategies of pharmaceutical
companies.

A notable problem is the possible difference in patenting policy (timing and scope)
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between companies. Basberg (1987) and Pavitt (1988) indicate that some companies
play for safety and apply for a patent at an early stage of the innovative process, while
others wait longer. The first strategy will decrease the risk that a competitor will sub-
mit a patent for a similar compound, but increases the patents fees and translation
costs and can put a competitor on the track. The second strategy has complementary
(dis)advantages. In § 11.2 will be returned to this point.

Length of the Development Phase
In order to obtain comparable data about the average length of the developmental
process, the Research Directors were asked to give an estimation of the average time
span between the patenting of the lead compound and the introduction of the registr-
ated drug on the prescription drug market. Anti-hypertensive and anti-ulcer drugs were
chosen because the developmental process was neither relatively short (as with anti-
biotics) nor very long (as with anti-psychotics). The reported length of the process was
checked for ten drugs which were launched after 1987 distributed over five companies.
In all cases the findings proved to correspond; the period between patent submission
and launch being one to two years shorter than the reported maximum length of the
developmental process. The finding of the lead precedes patent submission, therefore
the time-span between patent submission and launch will always be shorter. The
exhibits C.3 and C.4 in appendix C outline the operational definitions of the
performance and effectiveness measures.

6.2 RELIABILITY OF INSTRUMENTS

Most questionnaires were filled in completely, so the number of missing values was
relatively low. No questionnaires had to be excluded because of too many missing
values. In some cases respondents had filled in two adjacent scores or between two
scores on the Likert 5-point scale. In such cases the score towards the 5-end of the
scale was included in the data matrix. To assure the reliability of the data matrix
automatic out of range checks were used during data entry. Afterwards, all data were
visually checked. In addition, the frequency tables were checked for inconsistencies.
At the end of data processing, 10% of the data were checked again. Only 13 out of
2,904 items had to be corrected. This is well below the 5% reliability limit of Ga-
dourek (1976). All the bivariate relationships were plotted to check for outliers. If an
outlier was found it was omitted from the analysis.

6.3 METHODS OF DATA ANALYSIS
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Different statistical methods were used to analyze the data. The bivariate procedures
included t-test, one-way ANOVA, Kruskal-Wallis test, Pearson product-moment
correlation and Spearman rank correlation. The multivariate procedures included
factor analysis, canonical correlation, multiple regression and neural network
modelling. The items, measured at ordinal and interval level were analyzed by non-
parametric statistics or by parametric statistics on the ranking numbers. Whenever
possible, more than one technique was used. In general, substantive conclusions were
supported by all statistical techniques. For clarity of presentation, all bivariate
relationships are presented using Spearman rank correlation and one-way ANOVA.
Non-parametric analysis of group means, using the Kruskal-Wallis test, did not alter
the conclusions.

The bivariate curvi-linear relationships on ratio level and all the multivariate as-
sociations were assessed by 4Thought, a multilayer feedforward neural network. It
may be considered as a large analogue computer comprising of different layers of
processing elements (called nodes), in sequence linked by a large number of
individually weighed interconnections. Inside a node the inputs are added and an
algorithm (in 4Thought an exponential sum formula based upon series expansion) is
used to calculate the node's output value. In every step of the <unsupervised learning’
process a neural network compares numerous pairs of input and output values in
parallel. For the next step of the learning process that model is chosen, in which the
sum-of-squares error between the current and the desired mapping performance is most
rapidly reduced (Hoptroff et al. 1991). Up to now neural networks have seldom been
used in empirical management studies. Nevertheless it is the only multi-variate
technique available which enables the comparison of empirical concepts which are
operationalized at different measurement levels (such as at ordinal and ratio level in
this study). Because of their general use in multivariate analyses, the term <explained
variance’ is used, which, strictly speaking, only relate to predicted (mostly linear or
transformed to linear) relationships. In neural network modelling, however, no
preliminary assumptions are made. This is its strength and its weakness at the same
time. On the one hand, it provides the opportunity to recognize underlying patterns in
situations of complex multi-causality. On the other hand, there is a threat of <over-
fitting’. An <over-fit’ model fits too perfectly to the data set, ignoring the natural vari-
ability (the <noise’) in the data. The neural network 4Thought is specially designed to
avoid this problem. It divides the data into two groups: a <training’ set of 80% and a
<test’ set of the remaining 20% of the data. The neural network builds a model on the
training data and tests this model on the data of the test set, simultaneously. The
<learning’ process is only allowed to proceed as long as the errors in the training set
and the test set are both dropping. Initially, both the errors for the training and the test
set fall. When the noise in the data begins to dominate the learning process, the error
for the test set starts to rise while the error in the training set continues to fall. At this
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point the learning process is stopped and the resulting model is presented. Statistically
it means the selection of a biased fit to the training set data based on the optimum fit to
the test set data. The designers of 4Thought call the technique the concurrent iterative
steepest decent technique, because of the simultaneous dropping of the training and the
test set error (Hoptroff et al. 1991). The choice of the test set can influence the results,
because of the relatively small study population. Therefore, four independent runs of
the neural network were conducted, using different training and test sets, plus an addi-
tional run without a test set, to obtain maximum statistical power. The five in-
dependent runs gave similar results, in general. Only for industry were different
models found. However, in all cases at least three of the five models used the same
variables to <explain’ (in strictly statistical terms) performance and effectiveness. In
the other one or two models only one variable differed. The model which gave the best
approximation of the different runs is presented.

A factor analysis (ANOVA followed by Varimax rotation) was performed on the
empirical concepts measured at ratio level, to reduce the number of items and to
examine whether they loaded on the empirical concepts defined. Cronbach's " (1970)
was calculated for the items measured at ordinal and interval level, to find out whether
they corresponded with the empirical concepts defined, and to check the internal
consistency of the items, which are supposed to measure a single concept. In order to
prevent eventual co-variation of size with the other contingencies and management
control, size was entered first in the multivariate analysis. In institutes, the data con-
cerning material resources and external funding could only be obtained for the
institute as a whole. Due to the small number on which they are based, the correlations
of these variables with performance and effectiveness are only given for the sake of
completeness. For the same reason these variables were not used in the multivariate
analysis.

6.4 STUDY POPULATION

The International Standard Nomenclature (ISN) of research fields was used to
demarcate biomedical research. A unit was included in the study population if it
carried out research in one of the following fields of the life and medical sciences (see
exhibit 6.3).

The 1989 and 1990 year reports of the universities were studied to judge which
research units should be included. In the case of doubt (for instance, about internal
medicine) only those units were included of which researchers were participating in
one of the working committees of the Medical Science Department of the Dutch



Exhibit 6.3 THE ISN FIELDS IN THE LIFE AND MEDICAL SCIENCES USED
AS DEMARCATION LINES FOR BIOMEDICAL RESEARCH

ISN
number

ISN
numberlife sciences medical sciences

2403
2407
2409
2410
2411
2412
2414
2415
2418
2420

biochemistry
cell biology
genetics
human biology
human physiology
immunology
microbiology
molecular biology
radiobiology
virology

3205

3207
3208
3209
3214

internal medicine (endo-
crinology)
pathology
pharmacodynamics
pharmacology
toxicology
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Organization for Scientific Research (NWO): cellbiology and cellpathology, organ
systems (exclusive of biomedical technology), and hormone regulation and
neurosciences. In order to select the health research institutes, the report <Advice about
the Mission Pattern of Non-university Research Institutes’ by the Dutch Research
Policy Council (RAWB 1988) was consulted. On page 60 of this report an outline is
given of the research institutes in the biomedical field. To provide for homogeneity,
only those departments were examined which were involved in molecular biology,
medical biology and pharmacology/toxicology (RAWB 1988, table 3 p. 43). 

According to Gross (1983), there are only 30 to 35 pharmaceutical companies world-
wide which are actively involved in innovation: exploring new areas, synthesizing new
molecules or studying how to make use of new discoveries. This is a figure far below
the number of companies which claim the status of science-based companies. The
actual number may even be less, because of the large number of mergers since then.
From the innovative pharmaceutical companies, 20 were chosen with large discovery
and/or pharmaceutical development laboratories in Great Britain, Germany, France,
Belgium or the Netherlands. Fifteen of them have their head office in one of these
countries, five have their head office in the USA. They are all global players in
branded ethical drugs. The companies were selected on the basis of their (world-wide
and European) sales volume of branded ethical drugs, and on their innovative capacity,
measured by the size of the R&D staff and the number of patents submitted with a
European priority. In order to prevent bias due to the use of quantitative data only,
four leading Dutch clinicians were asked to name the companies which have
introduced the most innovative drugs to their therapeutic areas in the last five years.
The information obtained supported the quantitative selection.
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Criteria for Inclusion
Because the medical context was one of the inclusion criteria, the research units in
universities had to be, at least partly, situated in one of the medical faculties. The
minimum number of questionnaires which had to be returned before a research unit
could enter the study was two for small and three for larger units, including ReQuest 1.
A low research output during the first years after the appointment of a new professor
cannot be fully attributed to his/her work, because it takes several years to build up a
unit. Therefore, the second criterion for inclusion was that the head of the unit had to
have been in charge for at least four years.

6.4.1 Representativeness of the Study Sample

In order to study the representativeness of the study sample the output per researcher
was measured for all the biomedical research units in three of the medical faculties and
all the participating institutes. Using the annual reports, the number of scientific
papers, papers for physicians and reports for governmental and industrial contractors
of participating and non-participating units were compared. 

In order to establish the representativeness of the individual response, the answers of
early, average and late respondents were compared. Oppenheim (1966) suggests that
late respondents might resemble non-respondents, rather than early respondents. If
similarity is found in the answers of early, average and late respondents, this can
provide confidence in the representativeness of the answers. Unfortunately, only in
universities was it possible to make such a comparison. The more centralized
organization of data sampling in institutes and companies (see § 6.5.3) meant that the
questionnaires were often returned in packages, making it impossible to separate early
from late respondents.

Both ReQuest 1 and 2 included subjective questions. In ReQuest 1 the heads of the
research unit were asked to estimate the time allocated to research, to education, to
management and acquisition and to clinical practice, not only for themselves, but also
for their scientific staff. Bias may arise in two respects as regards this estimation.
First, the actual time-allocation of the professor may differ from the estimated one, as
was indicated in a study by the Central Bureau of Statistics (1985). And second, this
bias may be even larger if the estimation concerns the time-allocation of others. In
order to check the bias in the latter, a selected sample of 19 scientific staff members of
different research units in universities was asked to fill in ReQuest 1 for their research
group. The answers were compared with those given by their professor. As to the
subjective judgements in ReQuest 2, it is not unlikely that the head of the unit, being
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primarily responsible, has a different perception of the management control situation
than the senior scientific staff. Therefore, the answers from the head of the units were
compared with those given by their senior scientific staff.

6.4.2 Approach of Study Population

In every empirical management study a high response rate positively influences the
generalizibility of the results. Because of the relatively small size of the study popula-
tion, both in respect to the number of units and the number of respondents per unit,
obtaining a high response rate was even more critical for this study. A large practical
problem encountered when using a study population embracing professors, scientists,
Directors of Research Institutes and industrial R&D Directors, is that most
respondents are extremely busy. Therefore, the individual imposition on each of the
respondents must be limited. In order to get a satisfactory response rate for this study
the following measures were taken:

! all Dutch respondents were approached individually by phone,
! every questionnaire was mailed to the respondents personally. 

The method chosen was labour intensive. In order to spread the work load it was
decided to approach the study population in succeeding stages. From January until
September 1991 the universities were dealt with, followed by the research institutes
from September 1991 until January 1992, and the company
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laboratories from February until September 1992. In order to minimalize the dif-
ferences, the approach of the respondents was done according to strict protocols,
which were adapted to the specific situation in each of the strata. The different
protocols will be discussed below. The approach scheme is summarized in exhibit 6.4.

Universities
Two universities were approached during every month of the study period. The data
collection started with a letter in which the study was announced and the background
was revealed, which was sent to the Board of the Medical Faculty. After one week an
invitational letter, together with ReQuest 1 and 2, was sent to the professors of the
research units which met the selection criteria. One week later, the professors were
phoned to ask for their consent. If they agreed to participate, ReQuest 2 was mailed to
the senior scientific staff. The list of names was checked by the secretary for
completeness. The professor filled in both ReQuest 1 and 2. In some cases ReQuest 1
was filled in by one of the senior scientists, and in larger units (or departments) by the
unit (department) manager. If the professor did not want the research unit to par-
ticipate, the reason for non-response was noted. Two weeks later a selected sample of
distinguished senior professors was interviewed (about one third of the participating
professors). After four weeks the respondents got a telephone reminder. In the case of
individual non-response the reason was noted. Some of the potential respondents were
non-eligible (for instance because of a long period of foreign leave). A written
reminder was sent to the respondents who, even after several attempts, could not be
reached by phone. A second reminder followed four weeks later, using the same
procedure.

Institutes
Every month an institute was approached. Data collection started with the sending of
an invitational letter to the Board of the Institute. After a positive reaction the
Research Director(s) was/were interviewed. In a number of institutes, the quantitative
questions were answered by a central staff department. Within the institute a contact
person was designated, who took care of the distribution of ReQuest 2 among the
members of the scientific staff, supported by a letter of recommendation from the
Institute Board. ReQuest 1 was also distributed in some of the institutes. In these cases
the heads of the units filled in the quantitative questions for their research unit. After
two weeks the questionnaires were collected by the contact person. Respondents who
had not returned their questionnaires were reminded twice if necessary with four
weeks intervals. 

Companies
Because the R&D laboratories of the pharmaceutical companies are situated in
different EU countries, another approach was chosen. First an invitational letter was
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sent to the Board of Directors of the different companies in one country. After
approval, all the site-visits were planned in a two week period, about two months after
sending the invitational letter. Structured interviews were held with the directors of
research, and/or pharmaceutical and clinical development. In these interviews the
general data regarding research input and output were checked and general information
regarding research management was obtained (see appendix B). In a number of cases
ReQuest 2 could be sent to the heads of the different research departments. The ques-
tionnaires were collected by a contact person in the company, and returned by mail.

6.5 CONCLUDING REMARKS

In this chapter the methods of data collection have been described. The criteria for
selecting the study population and the methods used to guarantee the
representativeness of the study sample have been discussed. The next Section presents
the results of the empirical study.


