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DISCUSSION AND CONCLUSIONS





CHAPTER 10

UNIVERSITIES AND INSTITUTES

In this Section the main conclusions are drawn following the hypotheses formulated in
chapter 5. In this chapter the conclusions for universities and institutes are discussed, and
in chapter 11 those for companies. In the final chapter the management control situation
in the three strata is compared.
Following the trajectory of theory construction, theory modifications are suggested based
on the empirical findings, in order to improve the understanding of the observable reality.
The weak and strong sides of the study design are evaluated and the character of the
follow-up studies is discussed. Following the trajectory of theory application, and based
on the contextual documentation supplied in this study, design parameters are deduced for
practical use for research management, system designers, administration and research
policy.

10.1 HIGH AND LOW PERFORMERS

Supportive evidence has been found for the main hypothesis, hypothesis 1, that high
performers will obtain more positive scores on a number of empirical concepts of
management control than low performers. The empirical concepts effectiveness of per-
sonnel policy, administrative control, external control (together with the closely related
contingency external funding) and the contingency size turn out to associate strongly with
research performance and effectiveness in universities and user performance and effective-
ness in institutes. Management control is not, or only weakly, associated with user
performance and effectiveness in universities and research performance and effectiveness
in institutes. Together these results provide confirming evidence for the hypothesis 1.1,
which predicted that robust and similar associations would be found between management
control and those performance and effectiveness measures which are considered to reflect
the primary goals and objectives of the research organization, which are conducting basic
and strategic research in universities and applied research in institutes, and weak and
different associations with those measures which are considered to reflect the secondary
management goals and objectives. The above findings are, to some extent, supported by
the multivariate models of the citation score. This measure is considered to reflect the use
of the results by scientific colleagues and physicians. Both in universities and institutes,
the effectiveness of personnel policy and contractor communication are positively
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associated with the citation score, while in universities administrative control is also posi-
tively associated with this effectiveness measure. However, the relatively low explained
variance and low test set fit indicate that it is difficult to draw conclusions. This could be
expected because of the inverse association of the citation score with research effec-
tiveness in the lowest segment of scientific production.

Another interesting observation is that process control turns out to be a relatively unim-
portant factor in discriminating between high and low performers. Although large differ-
ences were established in the way and manner in which research is supervised (see, for
instance, the differences between the units in the attendancy of the research meetings by
the unit head and/or the senior scientific staff, presented in exhibits 7.2 and 7.3), these
differences are not found in the multivariate analyses examining the performance and
effectiveness measures (exhibit 8.6). Apparently, performance and effectiveness in
universities and institutes are primarily related to system and external control, and only
secondarily to process control. It is perhaps more accurate to say that both ways of
supervision (hands-on supervision by the head of the unit or hands-off supervision, which
leaves the direct guidance of the research process to the scientific staff) can lead to high
performance and effectiveness, provided that the fundamental requirements of system and
external control are met. System designers and research policy makers can profit from this
knowledge, by concentrating their efforts on one or both these aspects.

10.2 ORGANIZATIONAL LEVEL

As has already been stressed in chapters 1 and 5, the above relationships may be focused
in the opposite direction to that originally suggested. For instance, the researchers in the
better research units may have responded more positively in regards to the effectiveness
of personnel policy than their colleagues in the lower performing ones, although the
<objective’ situation is the same. Furthermore, researchers in the better units may have
more opportunities of presenting papers at international congresses as a keynote speaker,
with the expenses paid by the organizing committee. Also, contractors will try to select
the best research units for contract research. However, as was pointed out in § 5.1.1 it can
be imagined that the management control situation in some research organizations is <ob-
jectively’ better than in others. There might be universities or institutes which really get
the best out of their scientific staff, by limiting the bureaucratic constraints and improving
the human resources situation. Such a university or institute will clearly be more attractive
to the better researchers.

In confirmation with hypothesis 1.2, differences could be established between the different
universities and institutes. Two universities and especially one institute seem to house
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some of the best research units. In all three cases high scores for performance and
effectiveness go hand in hand with the above-mentioned management control features of
a successful research unit. Two universities score relatively low on most of the
performance and effectiveness measures. These universities also attain lower scores on
the different factors of management control. One institute scores extremely low. The only
managerial task which seems to be relatively well organized, according to its scientific
staff, is administrative control. Although precautions must be taken, not to over- emphasize
results obtained at such a high level of aggregation, it can be concluded that at the
organizational level too, supportive evidence has been found for the hypothesis that the
quality of research units is not randomly distributed over the different universities and in-
stitutes, but that there may be some <objective’ differences in the management and
organization. These may favour good research in one organization and hinder it in others.
Researchers in medical faculties have to divide their time between research, education and
clinical practice. Some faculties define themselves more in terms of research, others in
terms of education or patient care. Interestingly, one of the best performing faculties is
known for its research orientation, while the faculty which profiles itself in problem
(disease) oriented education scores high in terms of user effectiveness. The objectives and
goals of the best performing institute, however, are not primarily related to research but
to services.

10.3 DIFFERENCES BETWEEN UNIVERSITIES AND INSTITUTES

In accordance with hypothesis 1.4, the elements of system control, i.e. effectiveness of
personnel policy, adequacy of resources and administrative control, are judged more
positively in institutes than in universities. Part of this difference can probably be
attributed to the difference in the level of integration between universities and institutes.
As has already been stressed in § 2.5.1, in a professional bureaucracy there is always a
certain tension between the professionals and the administration (Mintzberg, 1979, 1983).
This tension may have resulted in a negative attitude towards elements of system control.
As has already been observed in § 7.2, in the more vertically integrated institutes, the
tension between the administration and professionals is clearly less than in the largely
decentralized universities. However, the system control situation in institutes may, in some
respects, indeed be better compared to universities (see also § 2.5.3). A research director
of one of the institutes, a former university professor, compared the management control
situation in universities and institutes as follows: <The management control situation in
institutes is better than in universities. There is more room for leadership. In my institute
the important decisions are made together with the heads of the different research depart-
ments, in close consultation with the scientific staff. After the decisions are taken, they
can be carried out with minor objections. Because of the limited power distance, the
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process of decision-taking itself takes too much time, let alone the carrying out of these
decisions.’ 

The largest difference in the judgement of system control between universities and
institutes is that concerning the effectiveness of personnel policy. In an earlier study into
job satisfaction, mobility and commitment of scientists in Dutch universities, Slootman
(1991) also found a negative judgement of the human resources situation. However, the
judgements in the present study are relatively more negative. In Slootman's study, the
junior scientists in particular judged the personnel situation negatively. The higher the
scientific rank, the better the human resources situation was judged to be (compare the
differences in the judgements of the heads of the units and their senior scientific staff, in
exhibits 7.2 and 7.3). In this study, however, only the higher scientific ranks were ques-
tioned. The negative judgements may indicate that the budget retrenchments of the Dutch
government have destabilized the biomedical research units in universities. It has forced
the units to acquire additional external funding to such an extend that the (programmatic)
continuity might become at risk. This, in combination with the unclear decision structure
mentioned above, should be a point of concern for research policy makers.

10.3.1 Citation Score

According to citation measures, Dutch biomedical research scores somewhat above the
world average. The time-lag between publishing and measurement may provide an
explanation for the relatively weak models found for the citation score. As was shown in
§ 7.3.1, in all cases where an exceptionally high citation score was found, the contributing
researcher had already left the unit to take up a professorial chair. It is interesting to
observe that the average citation score in institutes is higher than in universities. An
explanation for this finding might be that the pressure to publish has increased
tremendously in recent years, rightly condensed in the expression: <publish or perish’. In
order to reach the highest number of publications, it becomes necessary to divide the
gathered information over as many scientific papers as possible. Furthermore, the PhD
theses in Dutch biomedical research have gradually become readers, composed of several
articles in scientific journals. The relatively short period of time in which a PhD has to
be finished (4 years) increases the tendency to distort the information. However, because
publishing is not their primary task in institutes, the publishing pressure might be lower.
This, in combination with the fact that the researchers in institutes are generally more
experienced than the young PhD students, may lead to their publications attaining more
attention from the scientific community and the community of users. Another explanation
might be that the citation pattern in applied research is different from that in basic
research, because of the direct interest of the community of users. An indication for such
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a difference could be that the average citation score in clinical units is somewhat higher
than in preclinical and paraclinical units. Additional evidence for the first explanation is
provided by the fact that the citation score, in institutes especially, is negatively associated
with the number of papers published. The researchers in the units with a relatively low
scientific production probably wait longer before publishing, gather more empirical data,
and attain a higher density of new information in their papers.
 

10.4 ECONOMIES OF SCALE, THRESHOLD LEVEL AND PROGRAMME
HOMOGENEITY

As was expected, the contingency size has a large impact on performance; 46% of the
variance of research performance in universities, and 37% of user performance in institutes
can be explained (in strict statistical terms) by this contingency. But the real question is
whether larger size is also positively related to effectiveness. According to hypothesis 2.1,
an optimum size of the research unit is expected, above which the effectiveness declines.
Exhibit 8.4 shows that for total staff a plateau is reached of about 20 publications per 30
staff members. Increase in staff does not seem to be converted into extra papers. Because
Bresser and Dunbar (1986) operationalized size as total staff, this finding corresponds with
their observation of a negative association of size and research effectiveness. However,
if compared to the number of researchers, the number of scientific papers rises in an almost
one-to-one relationship. The conclusion must be that in our sample, if calculated per
researcher, no <economies’ nor <diseconomies of scale’ could be observed. Indeed, many
high performing units were not large. In some cases this was the strategic choice of the
head of the unit. As one of the professors of a research unit with extraordinary results indi-
cated: <I don't want to have a large research unit, because I strongly believe that only in
a unit of limited size can the core of our unit, the junior researchers, get the optimal guid-
ance.’ 

Exhibit 8.3 shows that, in universities, above a level of around 20 researchers the number
of researchers does not increase any further, whereas the number of technical, analytical
and administrative support staff increases further almost linearly. The reason for this
finding might be that at a level of 20 researchers the span of control of the head of the unit
and/or of the senior scientific staff is reached. The fact that the junior to senior scientist
rate differs considerably across those units with about 20 researchers may indicate that
the span of control of the head of the unit can be considered the limiting factor. Because
of the comparably low task uncertainty of technical, analytical and administrative work,
it can be supervised by senior and junior scientists (or in larger laboratories by the support
staff of higher rank). Therefore, the span of control of the head of the unit may not limit
the size of the support staff. Mayntz (1985) indicates that keeping a coherent pattern of
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research goals and interests is one of the major challenges of the research management.
A too large differentiation in research goals and interests was one of the major
disintegrating factors, according to the directors of the institutes in her study. The
possibility of the integration of research goals and interests being a major reason for the
observed maximum in the size of the research staff was also indicated by one of the pro-
fessors in the structured interviews: <If the researchers do not consider the weekly research
meetings of direct interest for their work, the unit will split up sooner or later. To my
experience this is the case at a level of around 25 researchers.’ This might also supply
an explanation for the major differences in research unit size in the different disciplines
in universities. The higher the level of integration in a discipline in terms of research goals,
values and techniques, in other words the higher the level of paradigm development (Kuhn,
1970), the larger the possible span of control of the professor and thereby the research unit
size. 

Exhibit 8.5 seems to indicate, in confirmation with hypothesis 2.1, that there is a threshold
level of about 5 researchers, corresponding with about 9 staff members, below which the
units do not grow, or even may decline. Above this level abundant growth can be observed
until a level of about 10 researchers is reached, above which the growth stabilizes at a
somewhat lower level. The decline of the smaller units could be an indication for a low
level of performance, leading via a diminishing loop to reduction of the size of the units
(see exhibit 3.5). However, the research effectiveness of these units turned out to be only
slightly below average. None of these units was <small but beautiful’, but nor were they
extremely low performing. Another explanation might be found in the budget retrench-
ments of the Dutch government. The staff of the larger units might be in a more favourable
position to acquire additional external funding. In smaller units the primary tasks
(research, education and, in clinical units, also clinical practice) may take relatively so
much time of the research management, that time for acquisition is lacking. Young
professors, <inheriting’ a small unit, may have (great) difficulties in attaining independ-
ency. How difficult this can be is demonstrated by the following statement of a young
professor, taken from outside the study sample: <I put much emphasis on acquisition. But
if I do attain a large research grant, preparing and supervising are so laborious that time
for further acquisition is lacking. I have the feeling that in the last five years I have
constantly been running, just to maintain my unit.’ However, at the very moment that the
<subsistence level’ is overreached, abundant, even exponential growth may start, following
the amplifying loop A in exhibit 3.5. Additional supportive evidence for a sort of
<subsistence’ level in university research, might be found in the fact that an inverse
relationship was found between annual growth rate and age. Some of the older professors
of smaller units may lack the physical strength or the fighting spirit to survive in the com-
petitive world of scientific research. Of course, the number of units on which these
considerations are based is too small to draw definite conclusions. Further research is
needed to settle this point and to look for possible threshold levels in other disciplines.
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However, if these considerations contain a certain amount of truism, then research policy
should consider setting a minimum staff level per chair. In the long run it might be more
fruitful to have fewer but better staffed chairs, rather than more and understaffed ones.

Sub-hypothesis 2.1.1 is not confirmed by the data; no optimum project size can be es-
tablished. Therefore, no firm conclusions can be drawn about possible differences in
programmatic homogeneity between units. However, the average project size in institutes
is significantly smaller than in universities, which might be interpreted as confirming
evidence for the Mayntz's observation (1985), that attaining programmatic homogeneity
is more difficult in institutes than in universities, because of the bargaining power of
outside contractors.

10.5 RESEARCH AND CLINICAL PRACTICE

In accordance with hypothesis 2.2, the time allocated to research and that allocated to clini-
cal practice shows an inverse relationship. The scientific staff in preclinical and
paraclinical units can spend twice as much time on research as the staff in clinical units.
Interestingly, this extra time spent is not translated into higher research and user
effectiveness. The researchers in the clinical units publish on average about the same
number of scientific papers and three times as much papers in journals for physicians than
their colleagues in the preclinical and paraclinical units. An explanation for this
unexpected finding could be that researchers working in clinical units have easier access
to a larger and more differentiated number of scientific journals, due to the number of
clinical specialisms. A second explanation emerged from the structured interviews. Several
clinical professors indicated that the average time spent of their scientific staff amounted
more than 40 hours a week. Researchers, who had worked both in clinical and preclinical
or paraclinical units also indicated that the total work-load in clinical units is significantly
higher. Apparently, the necessity of <24 hours a day availability’ for patient care,
considerably increases the total work-load. This extra time spent may compensate for the
lack of time during the official working hours. This could also be the explanation for the
initially surprising fact that more early respondents were found in clinical units than in
preclinical and paraclinical units. Franklin (1988) concludes that longer hours lead to more
output per researcher, at discipline, individual and project level. Spangenberg (1989) also
points at the <after-working’ research as one of the major performance indicators in clinical
medicine. 

Interesting differences are found between preclinical and paraclinical units on the one hand
and clinical units on the other regarding the association of age, time-allocation and power
with effectiveness and growth rate (see exhibit F.1). When integrated, these findings
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present the following picture. Thomas (1979) typifies clinical medicine as <half-way
technology’. Although in the last twenty years tremendous progress has been made in
acquiring knowledge about the origin, cause and effective treatment of diseases, clinical
medicine has still not come further than <half-way’. The physiological background of the
treatment of a number of diseases is still largely unknown (for instance the use of gold in
the treatment of rheumatoid arthritis). The often observed healing effect of the confidence
of the physician in his treatment indicates that a physician needs more than just scientific
and technical knowledge. Clinical medicine is therefore often referred to as knowledge
and art. An art which a young clinician has to learn by extensive practical training under
the supervision of an experienced clinical expert. Spangenberg (1989) cites Picasso's
statement that <the arts, like crafts, are more associated with transpiration than
inspiration.’ In fact, transpiration can be considered as the bridge between the two
analogies of science, namely top sport and art. This may well be the reason for the older
average age of the senior scientific staff in clinical units (see exhibit 8.2), and the positive
relationship of age with the size of these units. The great number of therapeutic
specialisms, each requiring their own clinical expert(s), may account for the higher
percentage of professors and senior scientists in clinical units compared to preclinical and
paraclinical units (see exhibit 8.1). Furthermore, researchers in clinical units seem to be
more internally oriented and in preclinical and paraclinical units more externally oriented.
The positive association of signatory authorization capacity with user effectiveness in
clinical units may indicate that the more a clinical unit is oriented towards patient care,
the larger the financial power, probably due to the extra flow of insurance money. It seems
that Spangenberg's (1989) observation is confirmed that the more a clinical unit is directed
towards the scientific community, the worse their financial position. Policy directed
towards stimulating clinical research to be effective should take account of this mecha-
nism.

10.6 THE LIFE CYCLE CONCEPT AND AGE DISTRIBUTION

As predicted, increasing organizational age is negatively associated with annual growth
rate (see exhibits F.1 and F.3). This, combined with the positive association with internal
orientation, supplies confirmative evidence for hypothesis 2.3 which is that the life cycle
concept can be applied to academic research. If the research units which are supervised
are small, an absolute decline of the size of the unit before super-annuation (and not after
super-annuation, see box 5.1, decay) can even be observed. By plotting management
experience and size, it becomes apparent that young professors often do not start with the
smallest research units (as expected, see box 5.1, incubation). Professors who attained their
chair before 1980 and after 1985 supervised larger research units than those starting in
the beginning of the 1980. This finding can probably be explained by the fact that a great
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number of non-chaired professors (lectors) in the Netherlands attained a professorial chair
at the end of the 1970s. In addition, no confirming evidence has been found for a direct
relationship between the age distribution of the scientific staff and research effectiveness.
The age distribution seems to be more related to the other tasks of the units, for instance
the supervision of graduate and postgraduate (PhD) students and the demands of patient
care.

10.7 INTERNAL AND EXTERNAL ORIENTATION

The positive association of junior to senior scientist rate with research performance in
preclinical and paraclinical units may show the important role of young PhD students in
scientific production. The positive link of external orientation to research performance
and annual growth rate may further indicate that a positive reinforcing loop of presenting
new and innovative ideas and the size of the unit is at work here. On the other hand, the
negative association with internal orientation may indicate that research units with more
in-faculty power are less interested in international scientific exposure than those with
less in-faculty power, which would be in accordance with hypothesis 2.4. It seems that
Gouldner's division of researchers into <locals’ and <cosmopolitans’ can be extended to
whole research units. The question which remains is whether some of the <cosmopolitans’
may in fact be <locals’ who are forced to go out, because of their weak in-faculty position,
or whether some of the <locals’ in fact are <cosmopolitans’ who could not make it in the
outside scientific world.

10.8 CUSTOMER ORIENTATION

A point worth mentioning, although it was not an item of the investigation, is the difficulty
encountered when trying to reach the research units in universities and institutes by phone.
Nearly half of the research units had to be phoned more than once before a secretary could
be reached. Even large departments which rely considerably on contract research, and even
one institute, were nearly inaccessible. The few secretaries who used an answering machine
were, in most cases, reluctant to call back. In the case of one of the largest university
departments it took more than a month to reach the central secretariat. Besides this, the
where-abouts of the researchers was largely unknown, especially in the larger departments.
Even the fact that researchers were on leave for several months was often not known at
the secretariat. This is not the grumble of a frustrated researcher (the actual phone calls
were made by assistant researchers and not by the author), but an attempt to stress the
importance of accessibility. As has been shown in this study, contract research has become
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 That the problem of accessibility has a larger scope was shown by a Dutch survey in which1

more than 750,000 phone calls were made. In trading, utility, services, banking and insurance
19% to 24%, and in government and health care, 35% of the departments and staff members
could not be reached by the first phone call. The Netherlands Economic Institute calculates
the annual loss for the Dutch economy due to inaccessibility to about US$ 275 million (quoted
in the NRC February 9 1995 p. 17).

increasingly important for universities and institutes. Seen in the light of the policy of the
Dutch government to continuously decrease the budget levels of universities and institutes,
it is likely that the importance of contract research will further increase in the future
(whether this policy is good for the technological advancement of the Netherlands is
another question). Therefore, if universities and institutes want to compete in the
increasingly competitive world of contract research, they must start by improving their
accessibility in order to avoid frustration and unnecessary loss of time and money .1

During the structured interviews examples were given of lack of customer orientation in
universities and institutes. R&D directors which had experienced cooperation in the field
of biomedical research with some of the Dutch universities and institutes, expressed their
opinions that a cooperative project is often more technology push, in terms the selling of
projects by the university or institute, rather than market pull, which involves listening
to the needs and wishes of the customer. An additional problem in the field of cooperation
with research units in universities, which emerged in the structured interviews, is the lack
of contractor communication during the conduction of the project. As one of the R&D
directors put it: <In latter years a number of cooperative projects failed, because the
objectives were changed by the university department without previous consultation.
Apparently, they are used to getting money from sponsoring foundations with only limited
evaluation whether the original objectives are met.’ The main criticisms in the case of
institutes not only concerned the lack of listening to the customer, but also weak project
acquisition and management. Prompt sending of clear offers and contracts, conducting the
contract research according to time schedules, and, in international projects, reporting in
the home language of the customer (if required), were notable areas of criticism. Of course,
these opinions are not representative, because most of the R&D directors have no
experience in cooperation with Dutch universities and institutes. However, in a recent
survey into the cooperation between Dutch universities and the pharmaceutical industry,
similar points were raised (Ministry of Economic Affairs 1993). Seen in the light of the
mutual interest in R&D network cooperation, it is important that the customer orientation
improves.

10.9 CONCLUDING REMARKS
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A brief outline is given below of the main conclusions which are to be drawn from this
chapter.

! The empirical concepts effectiveness of personnel policy, administrative control,
and external control associate strongly/weakly with those performance and
effectiveness measures which reflect the primary/secondary goals and objectives
of the research management.

! Hands-on supervision by the head of the unit or hands-off supervision leaving
the direct guidance of the research process to the scientific staff can both lead
to high performance and effectiveness, provided that the fundamental require-
ments of system and external control are met. System designers and research
policy makers can profit from this knowledge, by concentrating their efforts on
one or both these aspects.

! The elements of system control (effectiveness of personnel policy, adequacy of
resources and administrative control) are judged more positively in institutes than
in universities. However, the assessment of personnel policy in universities, and,
to a lesser extent, in institutes, is so negative that it should be a point of concern
for research policy makers.

! The average citation score in institutes is higher than in universities. This is prob-
ably due to the greater disruption of new scientific knowledge in a number of
articles which together constitute a biomedical PhD thesis in universities. The
finding of a negative relationship between the number of papers per researcher
and the citation score, in institutes especially, could point in the same direction.
Probably, the researchers in (part of) the units with a lower scientific production
wait longer before publishing, gather more empirical data, and attain an higher
density of new scientific information. This could indicate the special importance
of citation analysis, in addition to publication counts, as a quantitative evaluation
tool in research policy.

! No <economies or diseconomies of scale’ can be observed in biomedical research.
! The empirical evidence may indicate that the span of control of the head of the

unit may limit the size of a research unit to about 20 to 30 researchers. No size
limitations were found for technical, analytical and administrative work. Further
research into the span of control in relation to paradigm development could be
an interesting extension of this study.

! A threshold level seems to exist, below which it is difficult to survive in the
competitive world of scientific research. In biomedical research this level lies
at about five researchers, corresponding with about nine staff members. The
number of units on which these considerations are based is too small to draw
definite conclusions. Further research is needed settling this point and to look
for possible threshold levels in other research fields. Research policy may
consider to have fewer but better staffed chairs, by establishing a minimum staff
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level per chair, taking into account the specific characteristics of the different
research fields.

! The positive association of signatory authorization capacity and user effec-
tiveness in clinical units may indicate that the more a clinical unit is directed
towards the scientific community, the worse the financial position. Policy
directed towards stimulating clinical research to be effective should take account
of this mechanism. 

! The fact that the average project size is significantly smaller in institutes may
be interpreted as a confirmation of Mayntz's observation (1985), that program-
matic homogeneity is weaker in institutes.

! Despite that researchers in preclinical and paraclinical units spend twice as much
time on research no difference in research effectiveness can be established,
whereas researchers in clinical units publish on average. Probably, researchers
in clinical units have more easy assess to a larger and more differentiated number
of scientific journals, due to the number of clinical specialisms. In addition, the
<24 hours a day availability’ in clinical practice may have compensated for the
lack of time during the official working hours.

! Confirming evidence has been found that the life cycle concept can be applied
to academic research. 

! No direct relationship between age distribution of the scientific staff and research
effectiveness can be established. 

! Researchers in clinical units seem to be more internally oriented and those in
preclinical and paraclinical units more externally. The positive association of
junior to senior scientist rate with research performance in preclinical and
paraclinical units, proves the important role of young PhD students in scientific
production in basic biomedical research. The positive link of external orientation
to research performance and growth rate may further indicate that a positive
reinforcing loop of presenting new and innovative ideas and the size of the unit
is at work here. On the other hand, the negative association with internal
orientation may indicate that research units with more in-faculty power are less
interested in international scientific exposure than those with less in-faculty
power. It therefore seems that Gouldner's division of researchers into <locals’ and
<cosmopolitans’ can be extended to whole research units.

! Clear differences are found in management control and performance and
effectiveness between the different universities and institutes, supporting the idea
that the quality of the research units is not randomly distributed over the
universities and institutes, but that there are <objective’ differences in the
management and organization, favouring good research in some and hindering
it in others. 

! Seen in the light of the interest in R&D network cooperation with industry, it is
important that the accessibility and the customer orientation of the research units
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in universities and institutes improves.

This chapter has taught the important lesson that management and organization as such
can make a difference between success and failure. It has also taught the lesson that both
hands-on or hands-off supervision of the individual research manager can lead to success
or failure. It is the organisational flexibility which sets the boundaries. The comparison
with the company laboratories in the next chapter will show just how far these findings
can be extended to management control of industrial R&D.



CHAPTER 11

INDUSTRIAL PHARMACEUTICAL INNOVATION

In this chapter the main conclusions from the results obtained from the pharmaceutical
companies are discussed in relation to the hypotheses formulated in chapter 5.

11.1 HIGH AND LOW PERFORMERS

One of the most striking results is that, in confirmation with the main hypothesis,
hypothesis 1 the best performing companies in terms of innovative and industrial
performance, as well as in terms of effectiveness clearly differed from their lower per-
forming competitors on a number of managerial and organizational features. The most
important of these is the effectiveness of personnel policy. No matter which measure of
performance and effectiveness is taken, the perceived effectiveness of personnel policy
proves to be the most important management control factor dividing the more-than-average
from the less-than-average performers. In the companies with the larger operating profit
margins, the perceived quality of personnel policy is much better than in the average
companies. In addition, the average duration of administrative procedures is clearly
shorter, and international communication with scientists and physicians at congresses and
workshops is more intense. It can be argued, however, that the causality may be the
opposite to that which has been suggested. The more effective companies are also the most
profitable and can therefore afford to spend more on elaborate laboratory equipment, to
have more frequent international contacts and can have quicker procurement and
appointment procedures. Also, the R&D staff in the better companies is likely to respond
more positively to such studies than their colleagues in the less performing ones. However,
because of the size of the companies it can be expected that spending budgets will not be
so much of a bottleneck for procurement, appointment and international travelling. The
consistency of these results with those of previous studies (e.g. Allen 1977, Biemans 1992,
Pelz and Andrews 1976, Twiss 1992 and Volberda 1992) leads us to prefer our
interpretation.
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11.2 ECONOMIES OF SCALE

In order to evaluate hypothesis 2.1, which concerns whether or not <economies of scale’,
in terms of increasing returns on investment, can be observed in pharmaceutical
innovation, the outcome of the different parameters of innovative and industrial
performance and effectiveness are discussed below. 

! R&D expenditures as percentage of sales. 
At lower sales levels the R&D expenditures increase almost linearly with size,
indicating that the companies in this category increase their innovative potential
in proportion to the sales-volume. At the highest sales-volumes, however, a satu-
ration level seems to be reached. Apparently, there is no further need to invest
the extra sales-volume in innovative potential. 

! Number of patents in relation to the investment in discovery. 
The larger firms clearly submit more patents per invested dollar than the smaller
ones. This could be a clear indication of their higher innovative effectiveness.
Another explanation could be that larger companies submit their patents
relatively earlier than smaller ones. Basberg (1987) and Pavitt (1988) suggested
that some companies play for safety and apply for a patent at an early stage of
the innovative process, while others wait longer. This strategy decreases the risk
that a competitor will submit 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. The patent fees and the
translation costs constitute a smaller part of the R&D budget of the larger compa-
nies, and therefore they are more likely to play for safety. In the structured inter-
views, however, most research directors indicated that the chosen patent strategy
mostly depended on the therapeutic area. In a highly competitive area, such as
Aids, patenting is completed at an early stage of the innovative process. The
normal procedure is to wait longer, until about one year before the start of
clinical testing. Only two research directors stated that their companies executed
a restrictive patent policy. In point of fact, the data of these companies lay
somewhat beneath the curve presented in exhibit 9.5. The research director of
a third company with a relatively low number of patents, however, complained
of backward innovative potential. A further explanation may be that the develop-
ment phase, not the discovery phase, is the limiting factor in pharmaceutical
innovation. Indeed, in the structured interviews many research directors indicated
that the increasing cost of innovation was mainly due to the continuously rising
cost of the developmental process, especially of the large scale clinical trials. 

! The number of new products launched. 
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The larger companies in the sample were the only ones who introduced
innovative drugs, giving strong support to the thesis of higher innovative strength
in larger companies. This result should be interpreted with some caution. Ethical
drugs differ from almost all other consumer goods, in that the buying decision
is not made by the final consumer, but by the prescribing physician. Frequent
face-to-face contact of a highly knowledgeable sales force, combined with direct
mail and advertisements in medical journals, and the organization of medical con-
gresses and other meetings, are considered to be necessary to exert influence on
the physicians. Only the largest companies can finance the huge marketing and
sales effort necessary for influencing the prescribing pattern in a desired
direction. Consequently, it is possible that smaller companies introduced
innovative drugs which did not receive the recognition they deserve. Indeed, a
research director of a smaller company stated that one of their most innovative
drugs performed only moderately until it was licensed-out to one of the major
companies. Only then did it prove to be a success on the market.

! The length of the developmental process. 
According to the model developed by Grabowski and Vernon (1987), each year
that an innovative drug can be launched earlier than would normally be expected,
counts for an additional patent protection time of three years. The length of the
developmental process transpires to be shorter in the larger companies. This
finding can mainly be attributed to the greater size of the developmental budget.
In the structured interviews, some research directors gave, as a further explana-
tion, the view that larger companies have more opportunities for parallel
development, because it is easier to shift R&D staff between projects.

 
Although all these parameters can be separately criticized on solid grounds, when com-
bined they point in the same direction, namely, that economies of scale can be observed
in pharmaceutical innovation. Therefore, it appears that the recent strategy, developed to
cope with the political and economic risks, of increasing concentration by mergers and
joint ventures and strategic alliances, is also justifiable from the viewpoint of scale econ-
omics in pharmaceutical innovation. How can this finding be explained in the light of the
Soete's conclusion (1979) of diminishing returns on R&D investment? Perhaps the main
difference between now and the 1970s is that the governmental regulations have become
much stricter. For that reason, the investments needed, especially for the large scale
clinical trials, have increased considerably, while the possibilities to recoup these invest-
ments have decreased, especially for the smaller companies which cannot afford a huge
marketing and sales force.
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11.3 THRESHOLD LEVEL

In order to evaluate hypothesis 2.1, which concerns whether the costs in pharmaceutical
R&D are still increasing, or whether the data might indicate any sign of a steady state, the
following very rough calculation, based upon the information from the research directors,
was made. For the conduction of the R&D process for one new drug, an investment of
about US$ 200 million is needed (US$ 150 million according to Ballance et al. 1992, and
US$ 230 million according to DiMasi et al. 1991). Roughly speaking, one in every four
drugs is successful on the prescription drug market and once in every four years a pharma-
ceutical company develops a successful drug. Considering that the successful drugs
account for the profitability of a pharmaceutical company, it can be calculated that a min-
imum annual R&D expenditure of US$ 200 million is needed to maintain the innovative
potential. The curve in exhibit 9.4 starts at around US$ 180 million, which could indicate
the entrance of a steady state. However, further research is needed to confirm these data
systematically. 

In confirmation with hypothesis 1.3, the operating profit margin, being an industrial
performance and effectiveness measure, is not closely related to process control. As was
shown in § 11.1, the operating profit margin is related to effectiveness of personnel policy,
administrative control and external control and not to planning and research process
communication. The annual growth rate, however, is significantly correlated with the
attendancy mix, originating from the significant association of this performance and
effectiveness measure with the R&D expenditures spent on development (see exhibit 9.2).
In the discussion of the merits of a radical orientation compared to an incremental
orientation will be returned to this point.
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11.4 DISCOVERY VERSUS DEVELOPMENT

In the structured interviews it became apparent that the best performing pharmaceutical
companies are increasingly shifting their attention from the screening of thousands of
chemical compounds in pharmacological and animal models, to the understanding of the
biochemical and physiological background of diseases. According to Griffin et al. (1994),
10% to 20% of the total R&D budget is spent on collaborative fundamental research and
sponsorships in academia and medical research institutes. The screening process itself is
becoming increasingly automatized. According to hypothesis 1.5, the growing task and
environmental uncertainty which derives from this shift from systematic screening to
fundamental research, will lead to a higher need for information. Therefore, it is expected
that the more-than-average discovery departments will pay more intention to international
communication than their less-than-average competitors. This was not found, exhibit 9.11
shows no additional explained variance of performance and effectiveness by international
communication. All companies seem to pay equal attention to maintaining the R&D
network. It is interesting, however, that the frequency of research meetings is significantly
higher in the more-than-average discovery departments. Apparently, the increased
informational need is met by intensive in-house communication with colleagues in
discovery.

Considering the limited patent protection time, shortening the length of the developmental
process is essential for attaining profitability in a pharmaceutical company. As one of the
Research directors expressed it: <Each day a successful drug reaches the market earlier
earns US$ 200,000 for the company.’ With this figure in mind, it is obvious how large the
benefits can be for companies which are able to shorten the development phase by more
than a year by use of parallel development and close monitoring of the developmental
process. All pharmaceutical companies make use of parallel development. The structured
interviews showed that the fine-tuning is more precise in the more-than-average per-
formers, and the lateral and cross-functional communication more intense, leading to an
interactive concurrent process. Concurrent development so fundamentally changes the
pharmaceutical R&D process that it can best be described as a chain of integrated learning
loops. In accordance with these observations, and with hypothesis 1.6, is the finding that
a positive correlation exist between shorter development length on the one hand and
planning and the attendancy mix on the other. Researchers of different phases of the R&D
process stand in close contact with each other and with marketing and production in
multidisciplinary project teams. Interestingly, the close monitoring of the developmental
process does not go hand in hand with a high frequency of project team meetings. Most
of the pharmaceutical companies in this study are multinationals with laboratories in
different countries. Therefore, a high frequency of meetings in the development phase
would mean a lot of travelling. Mutual adjustment is therefore achieved mainly by tele-
communication. In the cases of frequent project team meetings, a tendency towards ineffec-
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tiveness can even be observed.

A number of problems were mentioned during the structured interviews concerning how
the multi-centred (international) clinical trials are conducted. In principle one large, well
designed, multi-centred clinical trial can be a substitute for a large number of smaller ones,
and can therefore be helpful in shortening the R&D process. However, large problems are
encountered. First of all, cultural differences and differences in the practice of medical
care make it difficult to get the cooperation of physicians in a large number of countries
for the same clinical trial design. Moreover, coordination problems tend to arise and
travelling expenses are considerable. Therefore, some of the companies have turned to the
<core country’ concept. If the number of available patients permits, a country is chosen
in which the whole trial is executed. In the longer run the main advantage of this new
approach may turn out to lie in the resulting <empowerment’ of the clinical research
associates. The large multi-centred clinical trials are designed and analyzed at the parent
company. The clinical research associates are merely responsible for monitoring of the
process and sending the resulting data to a central biostatistical department, where they
are analyzed for registration. In the <core country’ concept, however, they are responsible
for the whole trial, ideally, from the starting design until the final analysis of the data. That
the <core country’ concept can help in enhancing motivation was affirmed by one of the
clinical trial directors: <The motivation of the clinical research associates has increased
tremendously. Now they feel responsible, calling during their holidays to check if
everything is going according to schedule.’

11.5 RADICAL VERSUS INCREMENTAL ORIENTATION

Apparent differences in innovative strategy can be traced between the companies in this
study, when they are considered in the light of hypothesis 3.1. In companies conducting
a more radical strategy a higher percentage of the R&D staff has been educated to
university level, a greater part of the R&D budget is allocated to research and the
researchers attend more international congresses and workshops than in companies
adopting a more incremental strategy. An incremental strategy turns out to be related to
lateral and cross-functional communication. As the R&D process continues, more and more
structured consultations are needed with staff members of marketing, sales and production
to speed up development. In terms of annual growth rate, the companies conducting a more
incremental strategy turn out to be more successful. The strong correlation of annual
growth rate with the attendancy mix, originating from the strong association of this
performance measure with the R&D expenditures spent on development (see exhibit 9.2),
points in the same direction. That is to say, that speeding up product development, in order
to introduce drugs with small improvements on a regular basis (Taggart 1993), is currently
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a more rewarding strategy than concentrating on discovery. It seems to be less attractive
for a pharmaceutical company to invest in innovative potential of which the uncertain
revenues can only be expected after a decade or more, than in incremental improvements
which can be marketed after a short period of time.

A related development is the recent tendency to contract-out parts of the R&D process.
Contract research with universities and institutes has already been mentioned, but in
pharmaceutical and clinical development, too, increasingly activities are being carried out
by outside contractors. The demand from regulatory agencies for <objective’ clinical trials,
conducted by institutions outside the pharmaceutical industry, and the opportunities for
conducting pharmaceutical and clinical development relatively cheaply in Eastern Europe,
may speed up this process. In the unfavourable times to come, the pharmaceutical
companies may find themselves under increasing pressure <to do more with less’. However,
if too much emphasis is placed on incrementation and contracting-out, a company may fall
into the trap of staffing below the critical mass of experienced and talented people,
necessary for keeping up the innovative potential. Also companies adopting an incremental
strategy still need to maintain considerable <in-house’ skills in order to be able to evaluate
the potential of the lead compounds on offer. Therefore, such a strategy, which may seem
sensible in the short-run, may prove to be the opposite in the long-run.

As a consequence of the long duration of the developmental process, new medicines will
often be more expensive than those already on the market. The recent political emphasis
on price for the admission of a new medicine into the reimbursement system may therefore
further discourage innovation. However, society has a need for a constant stream of new
and innovative medicines. Government has therefore the public duty to encourage
innovation by working closely together with branded ethical drug firms in reducing time-
to-market. For instance, much time could be gained if registration authorities and clinical
trial designers would regularly discuss the desired end-points for registration in an early
stage of clinical development.

11.6 PURE PLAY PHARMACEUTICALS AND CONGLOMERATES

Although it is possible that, in accordance with Taggart's prediction (1993), the con-
glomerates will become more successful in the long run, at present, in confirmation with
hypothesis 3.2, the pure play pharmaceuticals are performing better. At the level of
management control, the main difference between the pure play pharmaceuticals and the
conglomerates turns out to be the pace, the way and the manner in which reorganizations
are performed. The positive judgement of the pace is considered a reflection of the
eagerness of the management of pure play pharmaceuticals to survive on the market. It is
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not possible for them to fall back on a parent company in less favourable times. The
positive judgement of the way and manner in which reorganizations are performed is
considered a reflection of the knowledge about and the interest in the specific needs of
the research staff and the greater opportunities available to meet such needs. In a
conglomerate, the directorate of a division has to comply with the general rules, which may
not match the pharmaceutical market. As one of the Research Directors of a conglomerate
put it: <We need the [financial] comfort, not the [bulk chemistry] culture.’ Conglomerates,
facing the unfavourable times to come, could therefore consider transforming their pharma-
ceutical divisions into independent subsidiaries. In this way they may profit from the best
of two worlds, i.e. the financial power and the world-wide sales-network of the parent
company, combined with the flexibility of the pure play pharmaceutical.

11.7 ANGLO-AMERICAN AND CONTINENTAL EUROPEAN COMPANIES

The respondents from the Anglo-American companies report a much larger variety of
incentives and career opportunities than their colleagues in the continental European
companies. A number of incentives are reported for extraordinary contributions in the
structured interviews, such as pay for performance, bonuses, use of a company car and the
provision of company shares and options. All research directors indicate, however, that
there is a driving force, which is even more important than material incentives. This
driving force is the receiving of recognition for scientific merits, externally by the scien-
tific audience, and internally by the company management. The opportunity to publish and,
although to a lesser extent, to attend congresses, are strong incentives for the scientific
staff. The R&D staff in Anglo-American companies report a significantly higher
attendance of congresses, possibly because of their universal mother language. Aside from
those containing research results concerning the non-patented leads in the discovery phase,
only minor restrictions are placed on publishing results. Bibliometric research by Koenig
(1983) revealed that the research staff of the large pharmaceutical companies in the USA
published so many articles in top journals that they could compete with university depart-
ments. Although in Europe the companies are less publication-oriented, the scientific
production can still be considerable. For instance, in 1990 the pharmacologists and clinical
research associates of Hoechst-Roussel were authors or co-authors of 699 articles, congress
contributions and abstracts (Hoechst-Roussel 1990).

Several research directors of <continental’ European companies indicated, that the lack
of career possibilities for the scientific staff was one of their major managerial problems,
tersely rendered in the expression <If you want to get on, get out of research’. A dual (or
hybrid) ladder system, which can compensate for such a problem, is used on a wider scale
in Anglo-American companies. One of the Anglo-American research directors characte-
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rized the advantages as follows: <The possibility of getting recognition for scientific efforts
appears to be an especially important feature for scientists, because a relatively flat
organization, like a laboratory, offers only limited opportunities for promotion in terms
of responsibility. The dual ladder goes all the way up to <vice-president’ on the managerial
and to <distinguished research scholar’ on the scientific ladder.’ One of the R&D directors
of a pharmaceutical division of a continental conglomerate, who registered loss of
commitment of the R&D personnel (they developed <a nine to five mentality’), noted that
the introduction of a dual ladder system could contribute to improving the motivation of
the scientific staff, but that the parent company opposed it. Many authors have stressed
the limitations of the dual ladder system (e.g. Gunz 1980 and Tuininga 1990). Essentially,
it can only function if there is recognition and appreciation of scientific achievements
within the company. Although the differences between Anglo-American and continental
European companies are many, both in management and culture, this apparent difference
in recognition and appreciation of scientific achievements could be one of the major
reasons for the observed difference in innovative and industrial performance and
effectiveness.



Industrial Pharmaceutical R&D 215

11.8 CONCLUDING REMARKS

The conclusions of this chapter are summarized below.

! The data suggest that a threshold annual investment of around US$ 150-200
million is needed to maintain the innovative potential of a branded ethical drug
company. Above approximately US$ 750 million, <economies of scale’ seem to
appear in pharmaceutical innovation.

! The perceived effectiveness of personnel policy proves to be the most important
management control factor, dividing the more-than-average from the less-than-
average performers in terms of explained variance. 

! In the companies with the largest operating profit margin the perceived quality
of personnel policy is better than in the average companies. The average duration
of the administrative procedures is also clearly shorter, and there is a more
frequent international communication with scientists and physicians at
congresses and workshops.

! The best performing pharmaceutical companies in the discovery phase, are
increasingly shifting their attention from the screening of thousands of chemical
compounds in pharmacological and animal models to the understanding of the
biochemical and physiological background of diseases. The screening process
itself is becoming increasingly automatized.

! The best performing companies in development are able to shorten the
development phase by more than a year, by use of parallel development and close
monitoring of the developmental process. In the more-than-average performers
the fine-tuning is more precise, and the lateral and cross-functional communica-
tion more intense leading to a concurrent process. However, pharmaceutical
companies could consider reducing the number of face-to-face contacts and
substitute it by e.g. electronic forms of contact, because of the time-losses
involved. 

! The <core country’ concept could help to motivate the clinical research associates,
by <empowering’ them to take responsibility over the whole clinical process, from
the design of the study until the final data analysis.

! An incremental strategy, directed towards speeding up product development in
order to introduce drugs with small improvements on a regular basis, by
concurrent development for instance, seems to be more successful in terms of
growth rate than a radical strategy, which emphasizes discovery.

! Pharmaceutical companies are under increasing pressure <to do more with less’.
However, if too much emphasis is placed on incrementation and contracting-out
parts of the R&D process, a company can fall into the trap of staffing below the
critical mass of experienced and talented people needed to maintain an acceptable
level of in-house scientific skills to invent leads or to evaluate the merits of lead
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compounds on offer.
! Pure play pharmaceuticals seem to be more successful than pharmaceutical

divisions of conglomerates on the pharmaceutical market. In particular, the pace,
the way and the manner in which reorganizations are performed, is assessed more
positively in pure play pharmaceuticals. Conglomerates could consider
transforming their pharmaceutical divisions into independent subsidiaries. In this
way they may profit from the best of two worlds. The financial power of the
parent company, and the flexibility of the pure play pharmaceutical company.

! Society has a need for a constant stream of new and innovative medicines.
Government has therefore the public duty to encourage drug innovation by
working closely together with branded ethical drug firms in reducing time-to-
market. For instance, by discussing the desired end-points for registration in an
early stage of clinical development. 

! The greater emphasis on recognition and the larger career opportunities for the
R&D staff in Anglo-American companies in comparison to continental European
companies could be important explanatory factors for their greater success in the
pharmaceutical market. In a flat organization like an R&D laboratory, the
opportunities for promotion in terms of responsibility are limited. Therefore,
promotion on the basis of scientific merits, such as in a dual (or hybrid) ladder
system, and other incentives for scientific staff, should be considered.





CHAPTER 12

GENERAL CONCLUSIONS

In this final chapter the general research questions will be answered, which were
formulated in chapter 1. The scope of this study, and the possible contribution that the
empirical results could make to the theory of management and organizational studies and
to management practice, will also be evaluated.

12.1 THE RESEARCH QUESTIONS

In chapter 1 of this book the fundamental question was raised, whether success or failure
in biomedical research is merely dependent on the quality of the researchers or other
aspects of management and organization also determine the success of a research
laboratory. The following general research questions were formulated in order to help to
answer this main question.

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 effectiveness,
and which instruments should be used to increase R&D performance and
effectiveness?

3 What is the impact of the organizational setting on this relationship?

The first two questions concern the comparison of management control in high and low
performers within the three strata, while the third concerns the comparison between the
strata. 

12.1.1 High and Low Performers

The results of the empirical studies provide strong evidence for a positive answer to
research question 1. One of the most striking results of this study is that the high
performers clearly differed from their low performing competitors on a number of socio-
dynamic and system-technical features, regarding both organizational flexibility and
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control capacity. As is shown in exhibit 9.11, positive associations could be established
in all three strata between the derived concepts of system control and external control on
the one hand and performance and effectiveness on the other. This means that confirming
evidence has been found for the main hypothesis, hypothesis 1, namely that more-than-
average performers show different scores than less-than-average performers on a number
of empirical concepts of management control. Furthermore, the fact that replication of the
study design in the three strata has yielded consistent results, enhances confidence in the
generalizibility of the findings to <Big Science’ in general.

In regards to research question 2, which refers to the establishment of a control mix
separating high from low performers. As has been previously stated, large differences
could be established in organizational flexibility and control capacity between the more-
than-average and less-than-average performers. In universities and institutes, as is shown
in exhibit 9.11, personnel control, administrative control and external control correlate
positively with the performance and effectiveness measures which reflect their primary
goals, which are basic and strategic research in universities and applied research in insti-
tutes. Interestingly, the same three concepts separate the more-than-average from the less-
than-average performers, if the operating profit margin, one of the industrial performance
and effectiveness measures, is considered. Possibly, the operating profit margin reflects
not only the ultimate goal of the company of maintaining profitability, but also, at least
to a certain extent, the contribution of the R&D function in attaining this goal. This would
be in accordance with the conclusion drawn by Van Engelen (1989) for the marketing
function. If this assumption is correct, it can be concluded that the same derived concepts
of management control separate the more-than-average from the less-than-average
performers in all three strata. These findings mean that the following factors separate the
more-than-average from the less-than-average performers.

! The perceived effectiveness of personnel policy a socio-dynamic factor of
organizational flexibility and control capacity, combined. 

! The average duration of the administrative procedures, a system-technical factor
of organizational flexibility. For example, it took the best performing research
laboratories on average 3 to 12 months less to reallocate a major part of their
resources to a new research area.

! The communication with contractors and the international communication with
colleagues at congresses and workshops; a socio-dynamic factor combining
elements of organizational flexibility (e.g. available travelling budget) and the
control capacity of the research management.

The most important empirical concept of management control turned out to be the
effectiveness of personnel policy. This is a clear confirmation for a central thesis in socio-
dynamic literature, which is that stimulating and rewarding environments, which enhance
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the motivation of the scientific personnel, are needed for high performance and
effectiveness. Probably just as interesting is the observation that process control is rela-
tively unimportant as a discriminating factor between high and low performers. Although
large differences could be established in the way and manner research was supervised,
those differences were not found in the multivariate analyses. Apparently, research and
user performance in universities and institutes, respectively, and industrial performance
in industry are mainly related to system and external control, but only weakly to process
control. More accurately, perhaps, one can say that both ways of supervision (tight control,
with strict planning of every step of the research process, or loose control, leaving the
individual researcher room for manoeuvre) can lead to high performance and effectiveness,
provided that the fundamental requirements of system and external control are met.

12.1.2 Comparison of the Strata

In regards to research question 3, exhibit 9.10 shows great differences in the average
assessment of the empirical concepts of management control in the three strata. In most
cases the research units in universities are found at one end of the scale and the industrial
laboratories at the other end, with the research units in institutes taking up an intermediate
position. Most of the relevant hypotheses, based on the theoretical suppositions of the
relative strength of the system variables in the three strata (see exhibit 2.5), are confirmed
by the empirical findings. In confirmation with hypothesis 1.4, the respondents in com-
panies are clearly more positive in their judgement of the different empirical concepts of
system control than those in universities and institutes. The average assessments in in-
dustry of the effectiveness of personnel policy and the adequacy of the personnel and
material resources are about 0.8 point higher on a Likert 5 point scale than in universities,
and 0.2 to 0.6 points higher than in institutes. The difference in the average assessments
of administrative control is even larger, a difference of about 1.5 points between industry
and universities and more than 1 point between industry and institutes. For instance,
according to the scientific staff in more than 50% of the university research units, it would
take more than a year to reallocate a major part of the resources to a new research line,
while in industrial laboratories the average estimation is (less than) six months. This
substantial difference in the assessment of system and external control may indicate that,
despite the recent policy to improve market orientation, the fundamental differences
between profit and not-for-profit organizations still exist.

Seen in the light of the great difference in task uncertainty between university and
industrial R&D which emerges from the relevant literature (i.e. Weick 1984 and
Spangenberg 1989), it was remarkable that the differences found were not so large. In
accordance with the idea that the informational need is higher in universities and institutes
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than in industrial laboratories, both the frequency of research meetings and the attendancy
mix are significantly higher in universities and institutes. In contrast to this, international
communication, meeting scientists, physicians and colleagues at congresses and
workshops, turns out to be most frequent in industry and least frequent in universities. The
company researchers have more than twice as much international contacts compared to
the researchers in universities. The first finding can be partly explained by the much larger
size of the R&D process, whereas the second finding is probably due to the larger available
travelling budget in industry. In accordance with the idea of lower task uncertainty, the
assessed importance of planning is the highest in industry, but the differences are far from
significant. An explanation might be, that the task uncertainty in pharmaceutical discovery
has grown considerably in recent years, because of the shift from random screening to
basic research. Another explanation might be, that the task uncertainty in basic research
is not as high as generally assumed. The fact that the results in basic research are highly
unpredictable may not be that disadvantageous, because, in contrast to institutes and indus-
trial R&D, negative results may also have a positive impact on research performance and
effectiveness. Even, if no supporting evidence has been found for a hypothesis, it can still
lead to a new research line, theory or even (on rare occasions) to a new paradigm. The
possibility of presenting negative results partly depends on the receptiveness of the
scientific community. That this can be a serious problem was indicated by Easterbrook
et al. (1991). They established that medical studies in which statistically significant
differences between study groups were found were more likely to be published than those
finding no difference. This tendency towards publication bias was not only due to the
referees and editors of the scientific journals, but had already begun at the level of the
research group itself. Many researchers with non-significant results decided not to go
through all the trouble of publishing. The referee system itself may also act as a publica-
tion barrier. Especially in research areas with a low level of paradigm development, in
which different schools are in contest with each other, authors may be reluctant to send
scientific papers to journals, the editor and referees of which they suspect of being
unfavourable to their research concepts.

A final remark must be made regarding the most important contingency, size. Size has,
of course, a major impact, not only on performance, but also on the effectiveness of
personnel policy. This is not surprising, as size enlarges the range of possible incentives
in terms of career planning, remuneration, and possibilities for replacement in situations
of conflict. Interestingly, only in industry was a positive association found between size
and the adequacy of resources. This finding is in agreement with Spangenberg's
observation (1989) in universities, that <objective’ and <subjective’ size are hardly associ-
ated. This difference in the assessment of the adequacy of the resources could be
considered as a reflection of a difference in competitive orientation between universities
and industry (Fisscher 1986). In confirmation with this is the observation which emerged
from the examination of a subgroup of the sample, that researchers in universities are more
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competitively oriented than those in industry.

12.2 STUDY EVALUATION

Following the trajectory of theory construction, theory modifications will be suggested
to improve the understanding of the observable reality. Then, following the trajectory of
theory application, design parameters will be deducted for practical use for research
management, system designers, administration and the makers of research policy. It will
be started below with the evaluation of the weak points and the strong points of the study
design in terms of contributions made to the trajectory of theory construction, and
indicating fruitful directions for further research and complementary follow-up studies.

12.2.1 Strengths and Weaknesses of the Study Design

The strengths and weaknesses of this study are all connected with the MS (TC -medium

/TA , see exhibit 1.2) taxonomy of this study. small

! The first weakness stems from the cross-sectional nature of the design. All the
independent, and nearly all the dependent (except annual growth rate), variables
were taken at one point in time. Although this approach enables to evaluate the
hypotheses about the sign of the relationships and the relative strength of the
different independent variables, it does not inform about causal relationships.
A longitudinal design would be more informative in this respect. 

! A survey approach has been used in the empirical studies. The strength of this
approach is, at the same time, its weakness. On the one hand, it has provided a
list of features dividing the more-than-average from the less-than-average
performers. In addition, different cross-sections could be made (for instance,
more radical compared to more incremental oriented companies and preclinical
and paraclinical research units compared to clinical research units), which gave
insight into specific aspects of the study population. On the other hand, this type
of study observes from a distance through standardized questionnaires. In this
particular study this problem was overcome by also obtaining in-depth
information through structured interviews. Therefore, the study design was
referred to as a set of case studies. 

! Other criticisms may centre on the obvious defects of any empirical management
study, such as the relatively small study population leading to an unfavourable
variable/observation ratio. Moreover, there are probably more factors related to
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performance and effectiveness which have not been taken into consideration.
This, combined with the inevitable measurement imperfections, implies that the
conclusions presented should be interpreted with some caution.

This study also has a number of particular strengths:
 

! the most important is, that the study design concerns a transversal cross-section
of three different (sub-)contexts of one technology field, providing the possibility
to evaluate the importance of management control in relation to performance and
effectiveness and to generalize the findings to related contexts in other
technology fields.

! The relatively high response rate for an empirical management study may provide
further confidence in the representativeness, and therefore, the generalizibility
of the findings. 

! It has been attempted in this study to apply the best available (<state of the art’)
methods for evaluating performance and effectiveness. Although all these
measures can be separately criticized on solid grounds, when combined they may
provide a more or less <objective’ picture. This has made it possible to relate
<subjective’ judgements about management and organization to more or less
<objective’ performance and effectiveness measures, which has improved the
impact of the findings. 

! This approach provided the opportunity to evaluate the validity of the different
performance and effectiveness measures. Some performance and effectiveness
measures turned out to be more valid than has been generally assumed in the
relevant literature (such as the number of articles in universities and institutes
and the number of patents in industry), and the criticism of others proved to be
true (for instance, the time-lag between publishing and citation). This measure
turned out to be useful in the comparison of the strata universities and institutes,
and for identifying important differences in publication strategies.

! A last important strength of this study is the use of a neural network to analyse
the multi-variate relationships. Up to now a neural network has seldom been used
in empirical management studies, because of the problem of <overfitting’. The
neural network 4Thought deals with this problem by use of an independent test
set.

12.2.2 Theory Modification

Concerning the methodology of management and organization this study has demonstrated:
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 ! that a transversal cross-section of different types of organization can be a fruitful
way to shed light on the complex world of management control in research
organizations. Different angles of analysis have been chosen, which each provide
their essential contribution to the elucidation of the underlying control mix. The
methodology of <context-comparison’, through cross-sectional transverses of
different strata in one technology field, combined with cross-sections through
different technology fields in one stratum, can therefore be advocated as an
important tool for the further investigation of technology management.

! The distinction of having the trajectories of theory construction and theory
application condensed into the TC/TA matrix, has proved to be a helpful
classification tool and can be used as a paradigm on completeness for
application-oriented management and organizational studies. 

! Neural network modelling has proved to be a fruitful tool for evaluating the
multi-variate relations in this study. It can therefore be advocated for use in
empirical management studies including variables operationalized at different
measurement levels. 

Concerning the theoretical foundation of management and organization studies the
following merits can be mentioned:

! The demonstration of the importance of integrating socio-dynamic with system-
technical factors in one integrated control mix and the empirical confirmation
of the central, but only scarcely proved, thesis of the special importance of human
motivation in the socio-dynamic literature.

! The theoretical construct of task uncertainty must be redefined in the light of the
findings in this study. The relatively small difference in task uncertainty between
basic research in universities, applied research in institutes and discovery in
pharmaceutical companies, indicates that, not only do the uncertainty of task
input (number of input resources, Galbraith 1973), conduct and outcome
(diversity of output, level of goal difficulty, Galbraith 1973) determine the level
of task uncertainty, but that the receptivity of the customer function is equally
important. This also shows that the shifting of the system boundaries in the model
of the double unity cell (Van Engelen 1989), to incorporate the supplier and the
customer function, is justified. 

! The analogy of the life cycle might prove to be a fruitful theoretical construct
for predicting the longitudinal development of research units in universities.

12.2.3 Suggestions for Further Research
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The results of this study give rise to further research. Following the trajectory of theory
construction, comparative studies into the results of theory application as influenced by
contextual differences and further studies into the theoretical and technical aspects of the
application of neural network modelling in empirical management studies, can be
mentioned. This can be combined with further studies into the minimum threshold level
and span of control in relation to paradigm development in universities and institutes,
which could be interesting extensions of the study by Bresser and Dunbar (1986) into
educational and research performance and effectiveness across low and high level
paradigm fields. Following the trajectory of theory application, in-depth studies into the
managerial aspects concerning the building-up and maintaining of the R&D network of
universities, institutes and biotechnological and pharmaceutical companies would be
important. This study will also be used as a baseline for two follow-up studies. Firstly, the
data set will be used as a base line for a longitudinal study in which a number of the
laboratories will be examined at regular intervals. An advantage of a longitudinal study
is that it can be used for a <quasi-experimental’ design. For instance, the <objective’
situation of some of laboratories has already changed. One of the divisions of a
conglomerate, for example, has recently become independent. This change in the
<objective’ situation makes it possible to test hypotheses regarding the (dis-)advantages
of autonomy compared to dependency at a (near) causality level. Secondly, in order to get
an insight into the rich pattern of underlying structures and processes leading to the <clear-
cut’ relationships presented in this monograph, this study will be complemented by further
case studies.

12.2.4 Theory Application

Following the trajectory of theory application, the control mix which has been established
in the trajectory of theory construction can be translated into the following six design
parameters for a successful biomedical research laboratory. 

! Much attention is paid to human resources management.
! The administrative procedures are carried out quickly.
! There is a flexible adjustment to changing situations.
! Much attention is paid to the building and maintaining of an (international) R&D

network.
! The research process in the discovery phase is characterized by intensive <in-

house’ communication.
! Much attention is paid to planning and lateral and cross-functional com-

munication during the development phase.
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Although these design parameters do not constitute a blueprint, they enable the research
management, system designer, management consultant or research policy maker, to
concentrate their efforts. It is interesting in this respect, that process control turns out to
be a less important factor in association with performance and effectiveness. Apparently,
the socio-dynamic and system-technical factors constituting organizational flexibility are
more important in the control mix than the control capacity of the research management.
There are many ways for good research managers to reach their goals. But what they cannot
change is the flexibility of the organization as a whole. This stresses the importance of
organizational change being directed towards staff empowerment and motivation. In the
<Harvard Business Review’, Kanter (1989) mentioned the following immaterial incentives
directed at enhancing motivation: 

! Mission; helping people believe in the importance of their work.
! Agenda control; giving people greater control over their own activities and

direction. 
! Share of value creation; giving individuals or teams entrepreneurial incentives.
! Learning; access to training, mentors and challenging projects, providing the

opportunity of continuous learning.
! Reputation; enhancing recognition and bringing people into organizational and

professional networks. 

According to our scientific findings these immaterial incentives are indeed important. Give
scientists the chance to enhance their reputation, and provide opportunities for attaining
recognition. This can be done by encouraging them to publish and attend congresses as
a speaker, bringing them into contact with outside peers, or by giving them visible rewards
(e.g. fellowships, and awards for project team achievements) and by a dual (or hybrid)
ladder system in industry. 

An alarming result is the negative judgement of system control, and the effectiveness of
personnel policy especially, in universities (see exhibit 9.14). This finding should be inter-
preted with some caution, because in a professional bureaucracy, such as a medical faculty,
there is always a certain tension between professionals and the administrative staff
(Mintzberg 1979, 1983), which can result in a more negative judgement of the measures
of organizational flexibility. Nevertheless, the very negative judgement, also in comparison
to earlier research, could indicate that the budget retrenchments have reached a border
which should not be surpassed. The recent fierce reactions of the Dutch universities to
further budget retrenchments seem to support this supposition. However, a number of
policy measures could be taken to improve the situation.

! Governmental policy could be directed towards assisting universities in
improving the unclear decision structure. Up to now, important decisions can be



General Conclusions 227

hindered for years by ever-changing coalitions of interest groups.
! Provide opportunities for gaining recognition, for instance, by supplying a

sufficient travelling budget for attending international congresses, or by
specialized training facilities. 

! Provide the opportunity for talented PhD students to continue in research after
attaining their PhD by an extensive fellowship programme for postgraduate
appointments. 

! Reduce the overhead by reducing the corporate staff and by critically evaluating
the number of administrative procedures.

! Improve the communication within the faculty, for instance by organizing
faculty-wide seminars and workshops.

The triangular model indicates that management control and performance and effectiveness
stand in a dynamic equilibrium. The researchers of a leading research laboratory are more
often asked as editor, referent or key note speaker, reinforcing their position in the
scientific or users' community. However, a motivated young leader of a research unit can
certainly enlarge the chance of success by using the tools presented in this study. Most
important of those is the choice of a <research niche’, a new and interesting theme (e.g.
a new theory or a new approach to tackle a fundamental or applied research problem),
which inspires and motivates the scientific staff and can be used as a key to open the door
to the scientific or users' world. If working at an under-exposed research terrain it is more
easy to get access to journals, to organize a congress or to start a journal. Prof. Kistemaker
(1982 and 1985), the former Director of the Institute for Atomic and Molecular Physics
and as such leader of the Dutch ultracentrifuge enrichment project,  states that a well-
balanced research programme should consist of four research themes, in order to combine
the required concentration of research efforts with a certain amount of risk-spreading. The
choice of a theme should meet the following criteria.

! It should be new, with only a few research groups working on the same subject,
world-wide. A subject about which large international congresses are organized
is less suitable.

! It should be of scientific or public relevance and affiliate with the expertise of
the group.

! if after some years no interesting results are found it should be possible to switch
to another research theme without considerable loss of expertise and equipment.

He states that any innovation has to be realized against the following forces.
 

! Fear for failure.
! Absence of vision.
! Disgust of excellency.
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According to Kistemaker, these are powerful forces against which research leaders have
to fight and usually loose. They can be recognized by the continual asking for more
extensive explanation and more external comments by central authorities, and sharp
criticisms by highly intellectual and democratic feeling people. Also research leaders in
pharmaceutical innovation, in discovery especially, have to cope with these forces.
However, more aspects must be taken into consideration, because of the more extensive
character of the pharmaceutical R&D process. A well-balanced pharmaceutical R&D
programme should therefore comply with the following <Ten Basic Rules for Success in
Pharmaceutical Innovation’.

! Orientate R&D staff towards the company's mission, objectives, and goals and
identify these at all organizational levels.

! Adhere to the highest scientific, medical and ethical standards.
! Strive to concurrent development by stimulating lateral and cross-functional

communication. Encourage openness, honesty, cooperation, teamwork and shared
goals within and between functions (R&D, production, marketing and sales).

! Focus activities in a relatively limited number of therapeutic areas. Develop a
portfolio of investigational drugs that balances risk.

! Create an international R&D network. Put much emphasis on cooperation with
universities, institutes and biotechnological and innovative pharmaceutical
companies.

! Formulate a strategy for each therapeutic area, and within each area a strategy
for each drug, indication and formulation. Establish minimum criteria that must
be achieved to continue development and specify key decision points.

! Set priorities and assign personnel and resources accordingly. Evaluate each
project and the overall portfolio at frequent intervals, minimize duplication and
stress efficiency. Identify rate-limiting steps and tackle them collectively in an
early stage, through lateral and cross-functional communication.

! Create operating systems which avoid bureaucracy and work with short (tele-
)communication lines. Empower scientific staff to provisionally stop a project
if one of the parameters is negative, without previous hierarchical consent.

! Develop a clear licensing strategy that allows all technology, product, process
and other opportunities (e.g. acquisitions) to be rapidly reviewed.

! Develop an integrated registration and reimbursement strategy, directed towards
cooperation with the relevant authorities. Keep up-to-date files of everything
important to deal with questions and criticisms.

It is often said that workers are resistant to change. However, the respondents in about 60%
of the research units considered the results of previous reorganizations to be positive. In
universities the reduction in the number of less productive groups, in institutes the aim
of improved market orientation, and in industry the creation of multidisciplinary project
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teams were mentioned as improvements. The positive overall judgement is, of course, for
a great deal due to the fact that only those staff members answered the questions who still
worked in the organization. However, the results show that if a reorganization is based on
obvious necessities the remaining staff will assess the results to be positive for the
organization as a whole. In this context, it is of interest that the largest difference between
autonomous pure play pharmaceuticals and dependent conglomerate divisions turned out
to be the way that reorganizations were carried out, which was done with greater pace and
with more knowledge of the specific needs of the scientific staff in the pure play pharma-
ceuticals.

Numerous researchers have stressed that stimulating and rewarding environments are
needed to enhance R&D performance and effectiveness(e.g. Allen 1976, Pelz and Andrews
1976 and Badawy 1988). The importance of a flexible organization to proactively react
on changing situations at strategic, tactic and operational level (e.g. Volberda 1992) and
the importance of the maintaining of an extensive R&D network, are also stressed in many
studies (e.g. Biemans 1992, Della Valle and Gambardella 1993, and Albertini and Butler
1994). However, until now only limited evidence has been presented to prove these
statements in the real world of management practice, partly because of the large
methodological and practical problems. It is the merit of this study that it has provided
confirming evidence for these theses by using the methodology of <context-comparison’.
Taking into account the large contextual variation, the comparison has shown rather
consistent results. Consequently, the results may be generalized to management control
of biomedical research, and probably to <Big Science’ and R&D at large.

12.3 CONCLUDING REMARKS

Now the everyday management situation in research organizations has been analyzed in
some detail, will be returned to were was started from, in the ideal world of Nova Atlantis.
If is looked at the evidence presented above, it can be concluded that the keywords for
success prove to be organizational flexibility, autonomy and empowerment of staff. Below
these theoretical constructs are used to show the reader three mental pictures, of an ideal
university, institute and company laboratory.
 
Picture high quality universities, which compete for prestige in the scientific world and
which try to provide the best medical care and education possible. These universities try
to get the most highly qualified academic staff, which is broadly educated and able to see
problems in their broad context. The staff is flexible, cooperative and ready to accept and
to proactively react to changes and new challenges. The laboratory equipment is advanced
and the number of regulations is small. There are numerous opportunities for continuous
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learning in excellent universities or institutes abroad (fellowships, sabbaticals etc.). There
is a large travelling budget for attending scientific congresses and for visiting the leading
scientists abroad and for the appointment of visiting professors and scientific guest-
workers. Optimum use is made of telematica facilities for remote working. Most of the
research is done at home, but in direct contact with the other members of the multi-
disciplinary research team and the scientific community around the globe. Long-distance
learning methods are used avoiding the one-way education of mass lectures. The
educational programme itself is problem-oriented and based on individual learning. The
staff is appointed on a temporary basis, reappointment depends on the evaluation by stu-
dents, the person's prestige in medical care, or their quality in basic or strategic research.
Most of the research money is acquired through grants, supplied by a large number of grant
agencies. Part of which have the objective to assist basic and strategic research in different
scientific fields, while others are oriented to the important challenges which face society
(pollution, Aids etc.) In order to avoid in-crowd selection, educated laymen also take part
in the granting committees. The administration of the unit is small and assists the scientific
staff as much as possible. There is a clear decision structure with short lines from the
research floor level up to the level of the university board, with groups of research units
working together in temporary cooperative structures directly under the supervision of the
university board. 

The picture of an ideal institute is nearly the same, with research units working together
in temporary, often multidisciplinary projects directly under the supervision of the institute
board. A large part of the applied research, which traditionally had to be carried out in a
laboratory, is done at home by use of virtual reality techniques such as computer aided
drug design. The staff is appointed on a temporary basis, depending on the projects they
are working on. There is a high market orientation. The staff has a clear vision of what the
customer wants, and much care is taken that the customer gets value for money. The
requisite knowledge for this is build up by frequent customer communication. 

If this picture is realized, universities and institutes will be fully integrated into
organizations in which basic and applied research are combined in an optimum way. The
innovative pharmaceutical company will then become adjusted to this new situation. -
Imagine the resulting picture. Most of the basic and applied research in discovery is done
in the biomedical departments in universities and institutes. The companies concentrate
on their main strength, bringing a lead to the market in a short period of time. As the
market orientation in universities and institutes improves, there is an ever-growing flow
of scientific staff between universities, institutes and companies. Regularly, R&D staff
members from companies are appointed in universities or institutes and vice versa for
temporary research projects, providing to strong links between basic research, applied re-
search and experimental development. Part of experimental development is contracted-out,
but the pharmaceutical companies keep the lead in organizing the R&D process. Urged
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by patient interests, the registration authorities understand that reducing time-to-market
is in the mutual interest of the company and society. They stay in close consultation with
the pharmaceutical companies to avoid unnecessary loss of information through non-
accepted clinical trials. The pharmaceutical R&D process is conducted by independent pure
play pharmaceuticals, which work at arm's length but under the umbrella of large chemical
conglomerates, which provide a world-wide marketing and sales network. The marketing
and sales force is smaller, but better educated than before. The main point of attention has
shifted from effecting the prescription behaviour of the physician to convincing drug
specialists from government and insurance companies of the superiority of their new
products, by confronting them with the relevant scientific evidence. Ethical drug costs are
greatly reduced by vertical integration. The physician's receipt is sent directly to the
pharmaceutical company via authorized electronic mail, which in-turn sends the ethical
drug directly to the patient.

This picture is a fata morgana. Due to the uncertain context, Nova Atlantis can never be
reached. If one expects to be there, it drifts away. For instance, the <fallacy of composition’
will work against us. Although a particular measure may be attractive for a few
organizations, when adopted by everybody its popularity becomes self-defeating. It is
impossible that all universities and institutes can achieve excellency or that all companies
will stand at the forefront of the invention of new drugs. Nevertheless, it will be a great
challenge to start the journey by untying universities and institutes from too strict govern-
ment regulations and giving autonomy to pharmaceutical divisions in industry. After these
first steps are taken, the organizations will be confronted with new and unexpected chal-
lenges. But by then they will certainly be in a better position to conquer them.


