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CHAPTER 7

DATA COLLECTION

This Section focuses on the results of the empirical studies. In this chapter the actual data
collection, and the assessment of the representativeness of the response and the reliability
of the instruments are examined. The results from universities and institutes are presented
in chapter 8, separately from those from company laboratories in chapter 9, because of the
difference in the level of analysis, i.e. single research units in universities and institutes,
compared to chains of research units in industry. To increase the readability of this Section
the more extensive tables are presented in the appendices.

7.1 RESPONSE RATE

Universities
All the chaired professors of the 82 biomedical research units in universities were
approached. Six could not be reached, as they were abroad for a longer period of time. In
total 47 agreed to participate. In 7 research units the inclusion criterion of the minimum
number of returned questionnaires was not met. Therefore, the population on which this
study is based consists of 40 research units, 53% of the eligible population of 76 (82 - 6)
research units. In total 24 preclinical and paraclinical units and 16 clinical units were
analyzed. Sixteen interviews were held with professors, and research questionnaires were
sent to the 47 who had agreed to participate, and their 218 senior scientific staff members.
Sixteen senior scientific staff members were non-eligible. They turned out to be attached
to the research unit for only a short period of time (a few months) or could not be reached
as they were on leave. The chaired professors returned 44 questionnaires (an individual
response rate of 58% of the total eligible population of 76). The senior scientific staff
returned 105 questionnaires (an individual response rate of 52% of the eligible population
of 202 (218 - 16) senior scientific staff members). Because of the inclusion criterion of
minimum participation, 7 questionnaires could not be used. Therefore, 142 questionnaires
were analyzed, i.e. 3 to 4 questionnaires per research unit.

Institutes
The health research institutes in which biomedical research is carried out were examined;
two para-university institutes, one not-for-profit institute, one dependent on private
funding and one dependent on the distribution of and control over vital medical products.
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One institute, which is part of a government ministry, could not be examined, because of
the difficulty of obtaining separate data (see also § 1.7.2). Structured interviews were held
with 9 scientific and general directors and 20 questionnaires were sent to the heads of the
research units and 52 to their senior scientific staff. Seventeen questionnaires were
returned by the heads of the units (individual response rate 85%), and 27 by their senior
scientific staff (individual response rate 52%). The reason for this uneven distribution
might be that the head of a unit feels more obliged to participate. 

Companies
The 20 innovative pharmaceutical companies with large discovery and/or pharmaceutical
development laboratories in Great Britain, Germany, France, Belgium and the Netherlands
were approached (see § 6.4). Fourteen agreed to take part in this study (a response rate of
70%). Nine companies are among the top 20 companies ranked according to the 1991
world-wide branded ethical drug sales. The other 5 are top 50 pharmaceutical companies.
Twenty-two structured interviews were held with the directors of discovery, and with those
of pharmaceutical and clinical development (1 to 2 interviews per company). ReQuest 2
was submitted to the heads of the different research departments in 10 companies. In total
59 questionnaires were sent, of which 38 were returned (3 to 4 questionnaires per company
laboratory, an individual response rate of 64%). 

7.2 ANALYSIS OF NON-RESPONSE
 
The response rate in the 8 medical faculties differed from 38% to 67%. In 3 faculties the
response rate was below 50%. In the faculty with the lowest response rate to telephone
enquiry, a negative attitude towards the faculty from which the study was conducted was
mentioned in some cases. The other two faculties were involved in a reorganization. A
large proportion of the chaired professors did not want to participate, because they had
to concentrate on faculty politics. No significant differences were found in the response
rates of the different types of Dutch universities, and between the different (sub-
)disciplines. One faculty board sent a letter to the departments advising them not to parti-
cipate, because of possible misuse of the citation analysis (mentioning the pitfalls
described in § 6.1.2). Interestingly, the response rate for this faculty equals the average
response rate. Although some professors did not want to participate because of this letter,
most of the others indicated that it did not influence their decision. The way the professors
disregarded the negative advice of the faculty board stands in clear contrast with the
positive reaction of the heads of the research units in institutes to the request of the
directorate to participate, which may be an illustration of the difference in vertical
integration between the two types of organization (see § 2.5.1).
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In telephone enquiries, lack of time or lack of interest because of questionnaire weariness
were most often mentioned as reasons for non-response. In institutes about one-third of
the non-responding scientific staff indicated that the head of the unit would fill in the
questionnaire for all of them, because they agreed upon most of the items. In a few cases,
the non-response might have influenced the results. Some professors mentioned that the
research unit was already so successful that they did not see the need to enhance it by
participating in this study. On the other hand, in some cases, where the faculty was
involved in a reorganization, there was concern about possible negative consequences. To
decrease the work-load for the scientific staff in two of the research institutes, the
directorate selected a number of research units to enter the study, which could have led
to a possible selection bias in two respects. Firstly, these two institutes might be somewhat
under-represented because in the other institutes all relevant research units participated.
Secondly, the directorate may have selected the best research units in order to obtain a
positive outcome for their institute. However, the study of the representativeness (see §
7.3.1) revealed that the selected research units were only slightly, but not significantly,
better than average.

7.3 REPRESENTATIVENESS

7.3.1 Performance and Effectiveness

Universities and institutes
Although the output differed considerably, both between and within the three medical
faculties and the five participating institutes in which all the biomedical research units
were examined, no significant differences were found between participating and non-
participating research units. This provides evidence that the participating research units,
at least as far as their scientific output is concerned, may be regarded as representative
of the biomedical research population in Dutch universities and institutes.

The number of publications found in the database of the Institute for Scientific Information
(ISI) was on average 20% lower than according to the report of the research management
concerned. In the case of a larger difference the reason for this was checked. In most cases
the difference could be attributed to the inclusion of national publications, congress
proceedings and non-English publications by the research management. In six units the
research management reported a lower number of scientific papers than the actual number
found in the ISI files. Telephonic enquiry showed that the research management had just
underestimated the number of papers. It is interesting that an output measure, which plays
such an important role in research policy, is treated so casually by some of the units.
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In all cases where an exceptionally high citation score was found (more than twice the
world average), independent experts in related research fields outside the study sample
were asked to indicate whether outstanding results had been presented by the research unit
involved. In all cases one of the researchers of the unit had published new and interesting
results. However, the findings also pointed to an inherent problem of citation analysis,
namely the time-lag between publishing and the citation measurement. In all cases the
researcher had already left the unit to take up a professorship elsewhere.

Companies
The innovative capacity of the companies in this study was measured in order to examine
whether they could be regarded as representative for the population of large innovative
companies in branded ethical drugs. Patent analysis revealed that from 1985 to 1991 in
total 3,874 licensees submitted pharmaceutical patents to the European authorities. The
number of licensees is actually less, because most companies and conglomerates in
particular, use different licensee names and addresses. The strong innovative capacity of
the companies in the study sample was illustrated by the fact that the 14 companies
together submitted 25% of all the pharmaceutical patents in this period.

7.3.2 Respondents

Universities and institutes
The answers of early, average and late respondents were compared to investigate whether
the returned questionnaires could be considered to reflect, to some extent, also the
judgements of non respondents. Early respondents were defined as those respondents who
sent their questionnaire back before the first reminder (46 respondents). Average
respondents reacted after the first reminder but before the second reminder (54
respondents). Late respondents were those, who returned their questionnaire after the
second reminder (49 respondents). There was a somewhat uneven distribution of the study
population over the groups of early, average and late respondents. Firstly, in the group of
early respondents the number of chaired professors was somewhat, although not
significantly, under-represented. This was to be expected because the professor had to fill
in both ReQuest 1 and 2, while the senior scientific staff only had to finish ReQuest 2.
Secondly, in the group of early respondents, a significantly higher percentage of scientific
staff from clinical research units was found. This was not expected, because the work-load
in clinical units is generally assumed to be higher than in preclinical and paraclinical units.
This finding may be attributed to the demands of patient care. Physicians may be urged
to <clean their desks’ more than scientists in preclinical and paraclinical units (see § 10.5).
Thirdly, researchers from the larger research units were significantly over-represented in
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the group of late respondents. This was mainly due to the fact that the scientific staff was
more difficult to contact. Often neither the secretary nor their colleagues knew whether
a respondent was in or was abroad for a congress etc. No significant differences were found
in the reactions of early, average and late respondents, corrected for rank, amount of
clinical practice and the size of the unit. For this reason it is assumed that the answers of
respondents may resemble those of non-respondents. The answers obtained may therefore
be regarded as representing, to some extent, the judgements of the population of
researchers in the participating units on the questions concerned.

The individual judgements of the scientists were condensed to an average judgement for
the research unit as a whole. In order to check whether the senior scientists in one research
unit more or less agreed in their judgements, the intra-unit variation was compared with
the inter-unit variation. This analysis showed that the inter-unit variation was higher than
the intra-unit variation on all the relevant items. In three university research units,
however, clear outliers were found, individual researchers whose judgements differed
considerably from those of their colleagues on nearly all the items. Telephone enquiries
taught us that personnel conflicts may have caused the deflecting response.

Companies
The data obtained in one research laboratory are considered to reflect the whole innovative
process. However, the different steps in the innovative process of the large pharmaceutical
companies are carried out in a number of laboratories located in different countries. In
order to reduce the chance of an accidental deflection, the main research laboratory of a
company was examined (in 75% of the cases), or in the case of an American company, a
major laboratory in Europe. In order to check whether the companies use comparable defi-
nitions for the different aspects of R&D and sales, annual reports and public information
was combined with the information obtained in the structured interviews. Some of the data,
for instance the percentage of scientific versus total R&D staff, could be checked in the
laboratory under study, but this was not the case for all the data. Although much care was
taken to attain uniform information, it is still possible that differences in interpretation
occurred between companies. However, on the global level of the analyses there is no
reason to assume that it will have distorted the results.



Exhibit 7.1 TIME-ALLOCATION OF SENIOR SCIENTIFIC STAFF AS ESTIMATED BY
THE PROFESSOR AND THE SENIOR SCIENTIFIC STAFF, mean and (s.d.)

professor
n=40

senior scientific
staff
n=19

research
education
management
clinical practice

50 (22)
18 (12)
11 (10)
21 (26)

43 (22)
16 (15)
21 (19)
20 (27)

total 100% 100%

time-allocation
senior scientific staff

(%)
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7.3.3 Unit head versus Senior Scientific Staff

Universities
In order to investigate the validity of the professors' estimation of the time-allocation of
their scientific staff, 19 scientific staff members were asked to fill in ReQuest 1 for their
research group. A PP -test did not show a significant difference in the estimation (PP =2 2 

0.93). Exhibit 7.1 shows that the only difference which could be established was in the
estimation of the time allocated to the management task. In the perception of the scientific
staff, this was nearly twice as high as was estimated by their professor. It was likely that
a difference in the estimation of the management task would occur, because it is the most
diffuse task and therefore difficult to estimate.

Exhibit 7.2 shows the answers to those items of ReQuest 2, which were judged
significantly different by professors and the senior scientific staff. Similar results were
obtained when the answers from each research unit were analyzed in a matched pair
analysis. The professors and their senior scientific staff agreed on most of the items in
ReQuest 2, for instance about the (in)adequacy of the research budget and the technical
level of laboratory devices, and about such factual points as the number of research
meetings. On more subjective subjects as the importance of research planning, and on
aspects of personnel policy, their judgements also turned out to co-vary. However, on a
few points significant differences were found. Exhibit 7.2 shows that the professors were
more positive about the attention to career planning, and clearly more positive about the
possibilities of obtaining favourable working qualifications for external application.
Furthermore, the professors counted more reorganizations in the previous five years. The
reason given for this difference, which emerged during the structured interviews, was that
also smaller reorganizations, affecting only part of a unit, were reported by the professor.
The senior scientific staff, in larger units especially, is primarily oriented each towards
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their own research group. The senior scientific staff was significantly more positive about
the possible pace of reallocation of a large part of the resources to a new research line. This
can be explained by the relatively small scale of reallocations in research groups compared
to whole research units.

Both the professors and their senior scientific staff seem to overestimate their attendancy
of the weekly or bi-weekly research meetings, or underestimate the attendancy of the other
rank. Considering the central role of research meetings as a tool for maintaining control
of the research process, it is interesting to notice that 14% of the professors, according
to their own account, and even 23% in the view of their senior scientific staff, do not attend
the research meetings on a regular basis. In the light of the above consideration, it is also
surprising that nearly 10% of the professors indicated that their scientific staff does not
attend the research meetings on a frequent basis, compared to the figure of 2% given by
the senior scientific staff themselves. The professors report more lateral linkages with



professor
n=40

senior staff
n=102

F-value

Exhibit 7.2 ANSWERS ON ITEMS OF REQUEST 2 WHICH ARE JUDGED
SIGNIFICANTLY DIFFERENT BY PROFESSORS AND THE
SENIOR SCIENTIFIC STAFF, mean and (s.d.)

*  p < 0.1;     **  p < 0.05;     ***  p < 0.01

1 Likert 5-point scales; higher values indicate a more positive judgement

1management control

personnel control

career planning
! scientific staff
! technical , analytical and

administrative staff
! external career

possibilities
number of reorganizations

2.42
2.67

3.41

1.07

(1.10)
(1.10)

(0.93)

(0.42)

2.09
2.26

2.90

0.69

(1.07)
(1.01)

(1.09)

(0.31)

2.80 *
4.48 **

5.36 **

6.40 **

resources control

pace of reallocation (in
months)

8.40 (2.80) 5.40 (2.40) 4.56 **

external control

meetings with
! international colleagues

(times per year)
! funding agencies (times

per year)

4.00

2.50

(1.60)

(0.80)

2.40

0.50

(0.80)

(0.15)

9.01 ***

9.78 ***

process control

attendancy of research
meetings
! professor (%)
! senior scientific staff (%)
! scientists of other units

(%)

86
91
42

(26)
(24)
(13)

73
98
23

(25)
(14)
(6)

2.70 *
3.67 *
4.32 **
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other research units. More professors than senior scientists indicate that also scientists
of other units attend the research meetings. The professors in the study sample present their
units to the outside world and monitor the environment for innovative ideas and research
funding. They reported significantly more contacts with international colleagues and with
funding agencies. The participation in international congresses and on editorial boards of
scientific journals was also clearly higher (data not shown).

Institutes
Exhibit 7.3 shows that the differences in the assessment of the items in ReQuest 2 between
the heads of the research units and their senior scientific staff were quite similar to those
found in universities. The heads of the units in institutes were also more positive on
aspects of personnel policy, such as the career situation and the effectiveness of personnel
policy. The research unit heads were also more positive about the pace of the
administrative procedures regarding appointments and procurement of equipment. Of more
interest is the great difference in the perception of the regularity of attendancy of research
meetings between the research unit heads and the senior scientific staff. Whereas 92% of
the heads of the units report a regular attendancy, this was only 34% according to their
senior scientific staff. It was indicated in the structured interviews that in a number of
institutes the different research groups within a single unit work so independently, that
they organize separate research meetings. It seems that Mayntz's observation (1985) that
getting programmatic unity is problematic in German institutes, also applies to Holland.
The research unit heads reported significantly more meetings with outside contractors than
the senior scientific staff. However, the number of meetings is not very large, on average
two a year. Most of the communication with contracting agencies is done by the directorate
of the institute and not by the heads of the different research units.

7.4 RELIABILITY OF INSTRUMENTS

7.4.1 The Contingencies and Performance and Effectiveness

The contingencies and the performance and effectiveness variables were analyzed by
means of factor analysis. Appendix D presents the factor structures in universities, institu-
tes and companies. Three principal component analyses were conducted to investigate the
relationships between the different items. This was fol



unit head 
n=17

senior staff
n=27

F-value

Exhibit 7.3 ITEMS OF REQUEST 2 WHICH ARE JUDGED SIGNIFICANT-
LY DIFFERENT BY THE HEAD OF THE UNIT AND THE
SENIOR SCIENTIFIC STAFF IN INSTITUTES, mean and (s.d.)

personnel control

effectiveness personnel policy
internal career possibilities
promotion

resources control

adequacy of resources
administrative procedures (in
month)

process control

attendancy of research
meetings
! unit head (%)
! senior scientific staff (%)

external control

meetings with contractors
(times per year)

3.54
3.17
3.75

(0.32)
(0.45)
(0.75)

2.90
2.58
3.12

(0.48)
(0.52)
(1.22)

3.79 *
3.70 *
2.84 *

3.25
3.00

(0.75)
(1.20)

2.61
5.00

(1.15)
(1.80)

3.16 *
3.11 *

92
91

(29)
(29)

34
94

(48)
(25)

14.79 ***
  0.06

2.00 (0.95) 0.75 (0.47) 6.77 **

1management control

*  p < 0.1;     **  p < 0.05;     ***  p < 0.01

1 Likert 5-point scales; higher values indicate a more positive judgement
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lowed by varimax rotation to reach maximal independency (clusters of items with a high
correlation). Only the factors with an <eigenvalue’ above 1.0 and the items with a factor
loading above 0.4 are presented. The factors are listed in the order of presentation in the
variable lists. Whenever possible, the factors are named in accordance with the names of
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 Because the factor loadings are a reflection of the correlation matrix it is not surprising that1

signatory authorization capacity is negatively associated with external funding ( r = - 0.34 ),*

supervision rate (r = - 0.28 ) and size (r = - 0.29 ).* *

the corresponding predefined empirical concepts. If items out of different empirical
concepts occur in the same factor, the factor is called after that empirical concept whose
items contribute most to the factor loading.

Comparison of the exhibits D.1 to D.5 with the exhibits 4.5 and 4.6 show that the factor
structures to a great extent confirm the predefined structures of the empirical concepts of
the contingencies and performance and effectiveness. Nevertheless, the individual items
and not the factor structures as such will be used in the comparative analyses in the next
two chapters, because, as will be shown below, the factor structures in universities,
institutes and companies differ in places. In the case of multi-collinearity (such as the
strong negative correlation of time-allocation to research and clinical practice in universi-
ties), the item with the highest factor loading is chosen for the analysis.

Universities
In universities technological support capacity and signatory authorization capacity load
on two different factors, not only on the empirical concept defined, but also on size. In §
8.1.2 more attention will be paid to the relationship between the proportion of the techni-
cal, analytical and administrative support staff on the one hand and the size of the unit on
the other. The negative association between signatory authorization capacity on the one
hand, and external funding and junior to senior scientist rate on the other was expected
in light of the hypothesized contrast between internal and external orientation (hypothesis
2.4) . The negative relationship between signatory authorization capacity and size is more1

surprising. It indicates that professors in smaller research units can invest more without
the previous consent of higher management than professors in larger units. Another
interesting point is the inverse relationship between time allocated to research and time
allocated to clinical practice, which seems to be a clear confirmation of hypothesis 2.2.
It is interesting to notice that the measures of scientific credibility, such as the number
of papers received for peer review and the participation in editorial boards, form one factor
with international scientific publishing. Apparently there are research units which clearly
have a cosmopolitan orientation. It will be interesting to see in the next chapter whether
or not these units overlap with the externally oriented units mentioned above. 

Institutes
In institutes, only those empirical concepts were used in the factor analysis which could
be attributed to the research unit level, to avoid loss of statistical power. Therefore, the
items external funding, material resources and annual growth rate, which concern the
institute level, were not used. Junior to senior scientist rate was not included, because real
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supervisory relationships, comparable to the ones between senior scientists and PhD
students in universities, are not found in institutes. Project size was not distinguished as
a separate factor, it loads negatively on size (so in larger units the relative size of the
projects was smaller) and positively on power. A reason for the negative relationship
between project size and the size of the research unit may be that a project (in fact a
research group) is bound to a certain maximum level. As a consequence, in the larger units
the relative weight of the largest research project will be less than in the smallest research
units. The predefined empirical concepts organizational age, technology and power are
reduced to two factors. This is probably due to the fact that the items material resources
and external funding are not included in the factor structure. The items research and
management experience were combined with technological support capacity into the factor
age and technology. The items research experience and project size also occur in the factor
power, together with signatory authorization capacity. The negative sign of this last item
may indicate that, whereas the size of the unit increases with increasing age, the average
signatory authorization capacity decreases. This would be surprising. It is therefore ex-
pected that a third factor, such as the difference between the institutes, may have caused
this relationship. The participation in editorial boards seems to concern both scientific
journals and journals for physicians, because it relates to research and user effectiveness.

Companies
The fact that the technological support capacity and the percentage of the total R&D
budget spent on discovery, load on one factor, indicates that within the study sample,
companies conducting a more radical strategy could be distinguished from those
conducting a more incremental R&D strategy (see § 5.3.1). In § 9.3 this contrast will be
examined in more detail.



Exhibit 7.4 INTERNAL CONSISTENCY OF THE EMPIRICAL CONCEPTS OF
MANAGEMENT CONTROL IN UNIVERSITIES, INSTITUTES AND COMPANIES

number
of

items

Cronbach's ""

universities institutes companies
management control

personnel control

effectiveness 12 0.77 0.87 0.85

resources control

adequacy
administrative control

4
4

0.72
0.66

0.79
0.64

0.90
0.78

process control

planning
research process communication

3
3

0.81
0.69

0.79
0.63

0.79
0.79

external control

external communication 5 0.63 0.68 0.79
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7.4.2 Management Control

Exhibit 7.4 shows that in all cases Cronbach's " is sufficiently high (> 0.62) to warrant
confidence in the internal consistency of the scales constituting the empirical concepts
of management control (Van de Ven and Ferry 1980). A factor analysis revealed that three
of the items loaded on different empirical concepts in universities on the one hand, and
institutes and companies on the other. In the comparison of universities, institutes and
companies, these questions were omitted from the analysis.

! The length of the appointment procedures loaded on personnel control in
universities and on resources control in institutes and companies. 

! The pace of resource allocation loaded on contractor communication in
universities and on resources control in institutes and companies. 

! The adequacy of personnel and material resources loaded on adequacy, and
administrative control in universities, whilst in institutes and companies it only
loaded on adequacy. 

These differences in the factor structure seem to reflect a difference in the position of the
professional in the organization. In the more vertically organized institutes and companies,
appointment procedures and allocation of resources may be merely dependent on the



Data Collection 157

internal rules, and thereby are primarily related to organizational flexibility. In universities
the individual professor has to struggle for resources within the faculty, and therefore these
items may be more related to control capacity.

7.5 CONCLUDING REMARKS

The response rate and the analysis of the non-response suggest that the study population
can be regarded as representative for biomedical research in Dutch universities and
institutes, and for R&D in global innovative pharmaceutical companies. Furthermore, the
high factor loadings of the individual items and the level of the <eigenvalues’ provide
confidence in the reliability of the operationalizations of the contingencies and
performance and effectiveness. The height of Cronbach's " provides confidence in the
reliability of the operationalizations of management control. In the next chapter the results
found in universities and institutes, and in chapter 9 those found in companies, will be
presented.



 Different aspects of the contingencies and management control in universities and institutes1

and the comparison of unversities, institutes and companies are reported in:

Omta, S.W.F., L.M. Bouter and J.M.L. van Engelen 1993, A Comparative Study o f
Management and Organization of Biomedical and Pharmaceutical Research in Univer-
sities, Institutes and Companies, in Bedrijfskunde en Technologie , ISBN 90-365-0635-
2, UT Service, Enschede, pp. 97-105.

Omta, S.W.F., L.M. Bouter and J.M.L. van Engelen 1993, Contingencies related to Research
Performance in Academia: a Comparative Study of 40 Biomedical Departments in
the Netherlands, Research Report 1993-11, ISSN 0926-4485, Groningen, 20 pp.

Omta, S.W.F., and J.M.L. van Engelen 1995, Research Performance and Effectiveness: a
Comparative Study of 57 Biomedical Laboratories in Universities and Institutes , 3e
NVAM-congres Technologie, Innovatie en Diensten, Erasmus Universiteit Rotterdam.

CHAPTER 8

UNIVERSITIES AND INSTITUTES1

This chapter concentrates on the results from universities and institutes. In the first three
paragraphs comparisons are made between the contingencies, management control and
performance and effectiveness. In order to show the differences connected with patient
care, preclinical and paraclinical units are presented separately from clinical units. The
Spearman rank correlations and the neural network associations between the contingencies
and management control and performance and effectiveness are presented in the next two
paragraphs. This chapter ends with a qualitative analysis at the university and institute
level.

8.1 CONTINGENCIES

Exhibit E.1 compares the contingencies in universities and institutes. It shows that on
average 20 staff members work in a research unit, and that more than half of them are
scientists. The average project size in universities is larger than in institutes. In uni-
versities more than half of the scientific staff works on the main research line, whereas
in institutes this is about one-third. The difference in time-allocation between preclinical
and paraclinical units and institutes on the one hand and clinical units on the other, is
significant (PP  = 16.68 ). Whereas researchers in preclinical and paraclinical units and2 **

institutes spend about three-quarters of their time on conducting and supervising research,
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the average time spent in clinical units is only half of that. The self-estimation of 38% is
somewhat higher than the findings of the Central Bureau of Statistics (CBS 1985), which
recorded an actual time spent on research in clinical medicine of approximately 30%. The
time spent on clinical practice shows an inverse relationship. While in the preclinical and
paraclinical units the time spent on clinical practice is almost zero (some diagnostic
testing), this increases to more than 40% in clinical units. 

As could be expected, the time-allocation to education is significantly larger in universi-
ties. Nevertheless, the institute staff indicated spending on average 6% of their time on
educational tasks. In institutes more time is allocated to management and acquisition than
in universities. It was indicated in the structured interviews that the latter task in particular
gets more attention now than it did about 5 years ago. This extra time spent does not seem
to have led to a higher percentage of external funding. Both in universities and institutes
this percentage is high, 36% to 43% of the personnel and material resources stems from
external funding. It is often argued that if more than one-third of the resources of a re-
search unit stems from external funding the (programmatic) continuity would become at
risk. For most of the research units this is already the everyday situation. Both in
universities and institutes, the head of the unit has had about 18 years of research
experience. In institutes, less than four years after attaining a PhD he/she is appointed head
of department, whereas in universities it takes the professor on average eight years to attain
a chair. The running costs in biomedical research, being part of <Big Science’ (Spiegel-
Rösing and De Solla Price, eds. 1977) is rather high. The material costs per researcher
amount from US$ 9,000 in clinical units to US$ 20,000 in institutes. The signatory author-
ization capacity is comparably high, from on average US$ 4,500 in clinical units to
US$13,000 in preclinical and paraclinical units. However, the differences between the
academic research units are considerable, in a number of research units the signatory au-
thorization capacity is only US$ 750. The number of junior scientists equals the number
of senior scientists in clinical units and goes up to about 1.5 times the number of senior
scientists in preclinical and paraclinical units.



Exhibit 8.1   COMPARISON OF STAFFING STRUCTURE, mean and (s.d.)

universities

pre/para-
clinical units

n=24

clinical
units
n=16

institutes
n=17

unit head
senior scientific staff
junior scientific staff
support staff

1.0
3.4
6.8
7.6

(2.5)
(4.1)
(6.6)

1.0
5.4
5.9
9.8

(4.2)
(3.8)

(10.6)

1.0
4.3
6.2
7.6

(6.3)
(5.0)
(5.1)

total 18.8 (11.7) 22.1 (15.0) 18.8 (11.5)

staffing structure

Results160

8.1.1 Staffing Structure and Age Distribution

Exhibit 8.1 shows that the staffing structure in universities and institutes is more or less
the same. The head of the unit and the senior scientific staff together account for between
23% (preclinical and paraclinical units) and 30% (clinical units and institutes) of the total
staff, whilst the junior scientific staff accounts for between 27% (clinical units) and 36%
(preclinical, and paraclinical units and institutes), and the technical, analytical and admini-
strative support staff counts for between 40% and 44%. Nearly half of the scientific staff
and two-thirds of the support staff hold a tenure appointment (data not shown).

Exhibit 8.2 shows that the staff of the research units is rather young, with one half (in
institutes) to three-quarters (in preclinical and paraclinical units) of the total staff under
the age of 40. The senior scientific staff members in preclinical and paraclinical units are,
on average, younger than their colleagues in clinical units, and significantly younger than
those in institutes. As could be expected, in universities almost the entire junior scientific
staff, for the largest part PhD students, is under 40. In institutes 40% of the junior staff
is over 40 years of age. This shows that, in contrast to universities, the term junior
scientific staff in institutes relates to a hierarchical category more than to a supervisory
relationship. The age distribution of the unit heads shows an inverse relationship. Whereas
only 1% to 4% of the professors are under 40, this percentage increases to 19% of the
research unit heads in institutes. As has already been mentioned in the last paragraph, the
unit heads in institutes are appointed to their management



universities

pre/para-
clinical units

%

clinical
units

%

institutes
%

unit head
senior scientific staff
junior scientific staff
support staff

1
52

100
69

(7)
(33)

(2)
(27)

4
32

100
78

(13)
(31)

(1)
(25)

19
26
60
72

(39)
(18)
(29)
(36)

total 73 (19) 64 (18) 50 (18)

Exhibit 8.2 PERCENTAGE OF STAFF IN THE DIFFERENT RANKS UNDER THE AGE
OF 40, mean and (s.d.)

F-value

3.02 *
3.78 **
3.66 **
0.45

3.05 *

staffing structure

*  p < 0.1;     **  p < 0.05
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positions on average earlier in their careers than the professors. The high percentage (69%
to 78%) of young technical, analytical and administrative support staff is remarkable.
Because the majority of the support staff members hold a tenure appointment, the
personnel flow must be considerable.

8.1.2 Staffing Structure and Size

The results indicate that in institutes both the scientific staff and technical, analytical and
administrative support staff increase linearly with unit size (Y). The regression equations
are (Y = 0.6X + 0.3, r  = 0.94 ) for the scientific staff and, consequently (Y = 0.4X -2 ****

0.3, r  = 0.95  for the support staff. As exhibit 8.3 shows, this is not the case in2 **** )

universities. Until about 30 fte the number of scientific staff rises almost linearly (Y =
0.6X + 0.8, r  = 0.91 . Above this size the number of scientific staff seems to reach a2 **** )

plateau level of around 20 fte. The curve presented in exhibit 8.3 has been assessed with
the aid of neural network modelling (r  = 0.94 ). To avoid misinterpretation,2 ****

neural network

the reader must bear in mind that the number of research units upon which this observation
of a possible plateau level is based is rather low, at only 10 research units. In contrast to
the scientific staff the number of support staff continuously increases linearly with size
(Y = 0.6X - 2.8, r  = 0.90 ). Until a unit size of around 35 fte is reached the absolute2 ****

number of researchers is higher than the number of support staff; thereafter the number
of support staff is higher. An explanation for this finding could be that the tasks are not
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evenly distributed with size. For instance, the larger research units may employ more
technical and analytical staff for clinical laboratory work. However, no significant
differences were found between the size and the preclinical, paraclinical or clinical
background of the research units. The dis-proportionate increase of the scientific and the
support staff has a large impact on the research effectiveness of the units. This point will
be returned to in the discussion of exhibit 8.4.

8.2 MANAGEMENT CONTROL

Exhibit E.2 shows that the average assessment of the variables of system control in
institutes is significantly higher than in universities. Whereas the effectiveness of
personnel policy and the adequacy of resources is judged slightly positively in institutes,
it is judged negatively in universities (the average assessment is below 3 on the Likert 5-
point scale). As regards process and external control, the differences are small. The
scientific staff members in institutes attend more international congresses as a participant,
whereas the university researchers present significantly more papers at congresses. The
differences between preclinical and paraclinical compared to clinical units are small, only
the variables of external control are somewhat higher in preclinical and paraclinical units.
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8.3 PERFORMANCE AND EFFECTIVENESS

Exhibit E.3 shows that most of the units were growing, at 8% to 10% per year, despite of
the budget retrenchments. This could merely be attributed to the increase in external
funding, which grew from around 20% in 1985 to 40% in 1990. The potentially
destabilizing effect on the programmatic continuity of such a high percentage of external
funding is already mentioned in § 8.1. The research effectiveness in terms of scientific
papers per researcher is higher in universities than in institutes. In universities the re-
searchers published (and supervised) more than one scientific paper per researcher
annually. Calculated per PhD student, this is approximately 2 to 2.5 papers per year. A PhD
student defends a thesis on average 5 years after starting a research project. The difference
in user effectiveness between preclinical and paraclinical units on the one hand and clinical
units on the other is significant. Whereas researchers in clinical units published a paper
in a journal for physicians once a year, researchers in preclinical and paraclinical units
did this only once in 3 to 4 years. The research units in institutes took an intermediate
position with about 2 articles in three years. Both in universities and institutes the number
of citations per paper numbers somewhat above the journal average and the world average
for the (sub-)discipline(s) involved. The citation score weighed for (sub-)discipline is
significantly higher for institutes. Interestingly, the citation score of the research units in
which the scientific staff publishes less than 1 scientific paper per researcher per year (11
units in universities and 9 in institutes) is significantly higher than in units in which more
than 1 paper per year is published (29 and 8 units, respectively). This difference is the
largest for the citation score, weighed for (sub-)discipline (1.65 versus 1.10, Fone-wa y

= 4.9 ).ANOVA
**

8.3.1 Size and Research Performance

Exhibits 8.4 shows the consequence of the disproportionate increase of the scientific and
the support staff on the research performance in universities. Up to
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about 30 staff members the number of scientific papers increases gradually with size,
thereafter the curve deflects (r  = 0.51 ). Further increase in staff does not2 **

neural network

result in additional scientific papers. However, if the average number of scientific papers
is plotted against the number of scientific staff, the picture changes. Then the number of
papers increases almost proportionately with size (Y = X + 1.8, r  = 0.61 ). The same2 ***

relationship is found in institutes. Here the regression equation is (Y = 1.1X - 0.9, r  =2

0.58 ). The correlation with user publications is weaker in both universities and***

institutes.

8.3.2 Annual Growth Rate

Exhibit 8.5 (r = 0.45 ) shows that the annual growth rate differed considerably,2 **
neural network 

from a decline of more than 10% at one end of the scale, to an increase of more than 15%
per year at the other end. It should be remembered that the differences are less spectacular
in absolute numbers, because of the limited size of most of the units. However, the smallest
research units seem to be at risk. The 5 research units with 5 or less researchers,
corresponding to a total unit size of less than 9 staff members, are the only ones which
remain constant or declined. These are all preclinical and paraclinical research units.
Above the level of 5 researchers a steady increase in annual growth rate occurred to a level
of about 10 researchers, whereafter the annual growth rate had a tendency to decline again.
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The annual growth rate also showed a tendency to decline significantly with increasing
organizational age (see exhibit 8.6).

8.4 BIVARIATE ASSOCIATIONS

Exhibit F.1 shows some interesting similarities and differences between preclinical and
paraclinical units on the one hand and clinical units on the other:

! The time allocated to research and clinical practice shows an inverse relationship
with research and user effectiveness. If more time is allocated to research, a
higher research effectiveness is measured, and if more emphasis is laid on
clinical practice (or clinical advising and laboratory testing in preclinical and
paraclinical units), a higher user effectiveness is measured. These contrasts can
only partly be attributed to a difference in size. Both in preclinical and
paraclinical, as well as in clinical units, the correlation of size with time allocated
to research is slightly negative (r= - 0.15 and r = - 0.23, respectively) and the
correlation of size with time allocated to clinical practice is slightly positive (r
= 0.27 and r = 0.08). These correlations are too weak to serve as an explanation
for the differences found.
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 Because these units are also larger (size vs. sign authorization capacity:  r = - 0.46 ; size1 **

vs. external funding: r = 0.48 ), this difference is not found in the correlation with research**

effectiveness.

! The different relationship between annual growth rate and the size of the units
has already been shown in exhibit 8.5. It can be chiefly attributed to the combined
impact of the difference in the size and the organizational age (see the next
point).

! The contingencies organizational age and size are inversely associated with the
preclinical and paraclinical or clinical background of the research units. In
clinical units, research experience and management experience are positively (
Y  = 0.6X + 4.5, r  = 0.52 ), and in preclinical and paraclinical unitsm an.  exp.

2 ***

negatively (Y  = - 0.5X + 15.7, r  = 0.18 ) associated with the size of theman. exp.
2 *

research staff. 
! In clinical units signatory authorization capacity is positively, and junior to

senior scientist rate negatively, associated with user effectiveness, which seems
to point to a more internal orientation. In preclinical and paraclinical units in
contrast, signatory authorization capacity is negatively, (r= - 0.33 ) and external*

funding is positively, (r = 0.43 ) associated with research performance , which* 1

seems to point to a more external orientation. 

Furthermore, exhibit F.1 shows the following contrasts between clinical research units
which concentrate more on research and those which concentrate more on clinical practice.
The clinical units which allocate more time to research are somewhat smaller, have a
higher annual growth rate, and spend less time on clinical practice. The professor is on
average younger and shows a more external orientation. There is relatively more junior
staff, and there is significantly more international communication. Interestingly, the
citation score is lower than in the units which concentrate more on clinical practice. The
relatively older professor of these units has a higher signatory authorization capacity, and
a higher percentage of senior scientific staff compared to junior scientific staff. Finally,
the amount of international communication is relatively low in these units. 

Exhibit F.2 shows that in preclinical and paraclinical units, the effectiveness of personnel
policy is positively associated with all the different effectiveness measures, except user
effectiveness. Effectiveness of personnel policy is also positively associated with all the
effectiveness measures in clinical units, although not at a significant level. The other
management control variables in clinical units present unclear relationships, probably due
to the confounding influence of patient care. Because the contrast between institutes and
universities is much larger than between preclinical and paraclinical units compared to
clinical units, these units are taken together in the multi-variate comparison of universities
and institutes. 
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8.5 MULTIVARIATE ASSOCIATIONS

Exhibit 8.6 shows the multivariate models of the contingencies and management control
with performance and effectiveness, as calculated by the neural network. The most
important results are supported by the Spearman rank correlations (see the exhibits F.3
and F.4). The size of the research staff contributed most to the explained variance of
research and user performance. To compensate for its obvious influence, size was entered
as the first variable in the learning process.
The best models are found for research performance in universities and user performance
in institutes, with a total explained variance of 68% and 77%, respectively. This is
combined with a good test set fit of above 50%. In both cases the contingency size and the
management control variables, effectiveness of personnel policy, administrative control
and international and contractor communication, and in the case of research performance
in universities, the closely to contractor communication related contingency external
funding, count for a fair amount of the explained variance. Relatively weaker models are
found for user performance in universities and research performance in institutes, with
a total percentage of explained variance of 52% and 43%, respectively. The relatively high
test set fit in the case of user performance in universities stems from the strong correlation
with the time spent on clinical practice and the related contingencies, smaller project size
and older organizational age (see the last paragraph). The annual growth rate is not
correlated with management control. It correlates positively with time allocated to
research, and negatively with organizational age and signatory authorization capacity .
This relationship can also be related to the preclinical and paraclinical versus clinical
background of the units (see the last paragraph). The strength of the model, however, is
weaker, with a percentage explained variance of 37%.The model of the citation score in
universities and to a lesser extent in institutes, shows a similar pattern to that for research
performance in universities, but both models are very weak, with a total of explained var-
iance of around 25%, and a very low test set fit.

8.6 ORGANIZATIONAL LEVEL

In order to investigate whether an uneven distribution of the quality of the research units
among the different universities and institutes could be established, thus indicating a
possible difference in the management control situation, the results were also analyzed
using the average scores of the units in the 8 universities (numbered 1 to 8) and the five
institutes (numbered 1 to 5). Because of the high level of aggregation it was decided to
do a qualitative analysis only. A median split has been made. The 5 universities and/or
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institutes which got the highest scores for a certain empirical concept are depicted as a
plus sign (further referred to as positive scores), the 3 organizations around the median
are depicted as neutral (neutral scores), and the 5 with the lowest scores with a minus sign
(negative scores). This means that those 5 organizations which have, on average, the
largest research staff per unit, for instance, or the most positive assessment of personnel
control, or the highest number of PhD graduations are indicated with a plus sign (see
appendix G).

The exhibits G.1, G.2 and G.3 show that, if universities and institutes are compared, the
figures in exhibit E.1 become more contrasted. In all institutes the average project size
is smaller than in universities, the average assessment of system control is clearly more
positive, and the frequency of international communication is higher. Contrary to this, the
contacts with outside contractors are more frequent in universities, and higher scores are
obtained for the measures of research effectiveness. Interestingly, the figures for user
effectiveness are also clearly higher in universities, not only the number of articles in
journals for physicians, but also the number of articles in user journals. The contrast in
the citation score is quite remarkable. Only one university could match the number of
citations per article received for institutes.

There is clearly an uneven distribution of the average quality of the research units in the
different universities and institutes. Two medical faculties (universities 3 and 6) seem to
house some of the best research units. Both these universities are
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in the top five as regards to both aspects of research effectiveness, the number of
international scientific publications and the number of PhD graduations per scientist. This
is also the case as regards to the closely related recognition variables (number of editorial
boards and peer review). The relationship with management control is the same as that
which was found at the research unit level. In both cases positive scores for research
effectiveness go hand in hand with positive or neutral scores for effectiveness of personnel
policy, and administrative and external control (together with adequacy of resources). 

The research units in the other universities clearly attain lower scores for the empirical
concepts of system control. Two universities (2 and 8) receive negative scores on most
of the effectiveness measures. In addition most of the management control variables were
assessed negatively by the scientific staff. Interestingly, one of these universities scores
high on the number of scientific publications, and the other on the annual growth rate of
their units. In two universities (4 and 7) positive scores are found for user effectiveness,
combined with positive scores for annual growth rate and citation score. The positive
scores for user effectiveness were not due to a higher percentage of time allocated to
clinical practice. As has already been concluded for the research unit level, the output
parameters, citation score, user effectiveness and annual growth rate are not very closely
related to management control. This is especially surprising for the last variable. One
would expect beforehand that the researchers in a situation of growth would be more
positive about variables of management control. A positive growth rate provides, for
instance, more job security, and it seems to produce a more rewarding working
environment. The relatively small size of the research units may have caused these results
because, whilst in relative terms such a research unit may grow vigorously, in absolute
terms the growth may be limited to only a few researchers. 

Three universities (1, 4, and 5) achieve positive scores for process control. Although the
research units in these universities attain positive effectiveness scores on a few points,
no uniform pattern could be established. The negative relationships of annual growth rate
with organizational age and internal orientation and the positive one with time allocated
to research are also (roughly) found at the university level. In universities 4 and 8 a
relatively high annual growth rate is combined with negative scores for organizational age
and internal orientation and a positive score for time allocated to research (university 4),
whereas in university 2 a relatively low annual growth rate is combined with the opposite
relationships. For universities 1 (relatively high annual growth rate) and 7 (relatively low
annual growth rate), however, no clear relationships are found.

One institute in particular (number 3) seems to be very successful, not only compared to
the other institutes, but also compared to universities. It is not only successful in terms
of user effectiveness, but also in terms of research effectiveness, scientific recognition
and citation score. Institutes 4 and 5 are also particularly effective in terms of citation
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score, annual growth rate and recognition (institute 4). If the user effectiveness in institutes
is compared, these institutes are ranked second and third (data not shown). Both institutes
also attain higher scores for the management control variables, effectiveness of personnel
policy, administrative control, and external control. The relationships are less clear than
in universities, due to the relatively higher scores which are obtained in institutes. Institute
2 scores relatively low. It scores below the average for almost all the empirical concepts.
According to the scientific staff, the only managerial task which is relatively well
organized is administrative control. The managerial outlook of research institute 1 is
comparatively much better. Almost all the management control variables are judged
positively by the scientific staff. Nevertheless, institute 1 scores negatively on aspects of
user effectiveness. It scores better on research effectiveness and scientific recognition,
but compared to universities the results are still lower.

8.7 CONCLUDING REMARKS

Clear differences have been found separating the more-than-average from the less-than-
average performers in universities and institutes. In the next chapter the attention will be
directed towards industry. It will be interesting to learn whether similar or contrasting
results will be found for high and low performers.





 Recently, four articles have been published reporting on different aspects of the industrial1
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CHAPTER 9

COMPANIES1

This chapter starts with the descriptive statistics and the relations between the variables
measured at ratio-level; i.e. size, technology and performance and effectiveness. In § 9.2
the management control variables measured at ordinal level are described. In the next
paragraph the contingencies and management control variables are associated with
performance and effectiveness using different bi-variate and multi-variate statistical
techniques. This chapter ends with different cross-sections of the study sample on specific
characteristics. Companies with a more radical orientation are compared with those with
a more incremental orientation, autonomous companies (the pure play pharmaceuticals)
are compared with dependent divisions of conglomerates, and companies with an Anglo-
American head office are compared with those with a continental European head office.



Exhibit 9.1 DESCRIPTIVE STATISTICS OF SIZE, PERFORMANCE AND
EFFECTIVENESS (n=14)

mean standard
deviation

size

sales (US$ million)
R&D expenditure (US$ million)
   !  discovery (US$ million)
   !  development (US$ million)

performance and effectiveness

number of patents
patents / US$ 10 million in discovery
length of development (years)
annual growth rate (%)
operating profit margin (%)

3,372
540
126
390

1,913
248

70
209

73
5.3
9.3

10.5
23.6

62
2.6
2.1
4.5

11.2

size, performance and effectiveness
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9.1 SIZE, PERFORMANCE AND EFFECTIVENESS

Exhibit 9.1 shows that the companies in the study grew vigorously between 1986 and 1991,
at about 10% a year. The average sales volume of branded ethical drugs amounts to US$
3,4 billion, with a operating profit margin of 24%. As could be expected of a science-based
industry, the average R&D expenditures are high, about 15% of the total sales volume of
ethical drugs. About 25% of the total R&D expenditures is spend on discovery, which
results in about six patents on NCEs per US$ 10 million per year. The development phase
has a long duration. It takes the companies on average more than 9 years to finish the phar-
macological and clinical testing necessary to bring an NCE to the prescription drug market.

Exhibit 9.2 describes the R&D process in more detail. An estimation is given of the length
of the different phases of the R&D process, the percentage of the R&D budget spent on
these phases, and the number of compounds examined. The data are based on literature
and were checked in the structured interviews. The total length of the R&D process from
the start of the discovery phase until the final launch of the drug amounts to 7 to 13 years
in total. Although the discovery phase can take much longer than the 1 to 2 years
mentioned in exhibit



Exhibit 9.2 AN ESTIMATION OF THE AVERAGE DURATION, THE PERCENTAGE
OF THE R&D EXPENDITURE AND THE NUMBER OF CHEMICAL
COMPOUNDS UNDER RESEARCH IN THE DIFFERENT PHASES OF
THE R&D PROCESS

duration
(years)

R&D exp.
(%)

number of
compounds

1.

2.

3.

4.

5.

discovery phase

pharmaceutical development

clinical development I, II and III

registration and launch

clinical development IV

1-2

2-4

3-6

1-3

-

20-30

25-30

15-30

3-5

15-25

>10,000/
500-1,000

20-50

5-7   (I)
3-4   (II)
1-2   (III)

1

1

sources: Centre for Medicines Research 1993, Taggart 1993 and this study
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9.2, most of the time is spent on development (typically 6 to 12 years, depending on the
disease), half of it on clinical trials. As a consequence, the largest part of the R&D budget
is spent on clinical development, with 30% to 55% of all R&D costs being allocated to
phase I to IV clinical trials. About one-third of the costs of the phase IV clinical trials are
paid for from the development budget, and two-thirds comes from the marketing budget
of the company. The number of chemical compounds which have to be synthesized and
screened roughly amounts to 10,000 or more in the case of high capacity screening and
1,000 in rational drug design for a single <hit’ (see § 3.3.2). All companies have claimed
a considerable number of launches of innovative products in the last ten years. However,
most of them turn out to be therapeutic or pharmaceutic extensions of earlier innovations.
Although these extensions can be of major therapeutic importance, they are not considered
to be a valid measure for innovative potential. In fact, only 6 of the larger companies
launched innovative drugs in the 1980s. However, these innovative drugs accounted for
a large part of the company's profitability. Between 10% to 50% (on average 32%) of the
total pharmaceutical sales revenues of 1991 stem from these innovative drugs.

Exhibit 9.3 shows the Pearson product-moment correlations of size, technology and
performance and effectiveness. The volume of the world-wide sales of branded ethical
drugs is significantly correlated with the R&D expenditures and the performance and effec-



Exhibit 9.3 PEARSON PRODUCT-MOMENT CORRELATIONS OF SIZE, TECHNOLOGY,
PERFORMANCE AND EFFECTIVENESS (n=14)

sales R&D
exp.

patents/
US$10m

dev.
length

profit
margin

growth
rate

sales
R&D expenditure
patents / US$10 million
development length
operating profit margin
annual growth rate

  x
  0.94***
  0.63**
  0.87***
  0.57**
  0.28

  x
  0.58**
  0.87***
  0.47*
  0.36

  x
  0.53*
  0.05
 -0.22

  x
  0.47*
  0.42

  x
  0.36   x

*  p < 0.1;     **  p < 0.05;     ***  p < 0.01;     2-tailed significance

R&D expenditure spent on development is significantly correlated with annual growth
rate (r=0.58**)

1

1
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tiveness variables, except the annual growth rate. However, the R&D expenditures spent
on development do correlate significantly with annual growth rate. Exhibits 9.4 to 9.6 will
show these relationships more precisely. 

Exhibit 9.4 compares the R&D expenditures with the sales of branded ethical drugs in
1991. The curve rises almost linearly until the sales of ethical drugs approaches approxi-
mately US$ 4 billion. Thereafter, the R&D expenditures rise only moderately, from about
US$ 700 million to a maximum of about US$ 875 million, while the sales of branded
ethical drugs rise to approximately US$ 7 billion. 

In order to examine the effectiveness of the discovery phase, the average annual
expenditures for discovery between 1988 and 1991 are plotted against the average annual
number of pharmaceutical patents submitted in the same period. The curve in exhibit 9.5
starts at around US$ 50 million and increases to approximately US$ 200 million, while
the average number of patents rises from 10 to 175 patents submitted annually.



Exhibit 9.4 SALES OF BRANDED ETHICAL DRUGS VERSUS THE R&D EXPENDITURE
PER COMPANY IN 1991 (n=14)

sources: annual reports and this study
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  p < 0.11 *

A t-test was performed to examine whether a difference in effectiveness could be
established between large and small companies. Calculated per US$ 10 million investment
in discovery, the large companies submit 9.6 patents per year, while the smaller ones
submit only 2.7  patents per year. In addition, the number of therapeutic areas in which*1

the pharmaceutical companies carry out research increases with the size of the R&D
expenditures from 5 to 6 therapeutic areas in the smaller companies to 8 to 9 in the larger
ones.

In exhibit 9.6, the length of the development phase is plotted against the expenditures spent
on development. There turns out to be a significant correlation; the higher the expen-
ditures, the shorter the duration of the development phase. Initially, the length drops
steeply, from 12 years at about US$ 120 million, to 9 to 10 years at US$ 250 million. Then
it remains constant until around US$ 450 million, and drops again to a length of around
6 to 7 years at above US$ 600 million. 
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9.2 MANAGEMENT CONTROL

Exhibit 9.7 shows that the average assessment of the management control situation is rather
positive. The assessment of the effectiveness of personnel policy, the adequacy of the
research budget, laboratory equipment and devices, as well as the pace of administrative
procedures, is assessed at above 3 on the Likert 5-point scale.

9.2.1 Bivariate Associations

In exhibit 9.8 the Spearman rank correlations of management control with the variables
of innovative and industrial performance and effectiveness are presented. Because of the
possible influence of the size of the company, the correlations with the sales volume are
also shown. The sales volume shows a high, although not significant, correlation with
effectiveness of personnel policy. The closely related size of the R&D expenditures
correlates significantly with the adequacy of resources. The effectiveness of personnel
policy and the intensity of international communication are significantly correlated with
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Exhibit 9.6 LENGTH OF THE DEVELOPMENTAL PROCESS VERSUS THE R&D
EXPENDITURE SPENT ON DEVELOPMENT PER COMPANY IN 1991 (n=11)
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the operating profit margin. The empirical concepts of resources control are not signifi-
cantly correlated with any of the performance variables. The frequency of project team
meetings is significantly correlated with the number of patents, as is the attendancy mix
with shorter development length and annual growth rate. The management control variables
are hardly correlated at all (data not shown). 

Exhibits H.1 and H.2 show the differences in the mean values of the answers, comparing
high and low performers for the different performance and effectiveness measures. A
median split was made, based on the answers on ReQuest 2. In most cases a clear division
could be made at the median level. Only in the case of the operating profit margin was a
clear separation found at another level. In six companies the operating profit margin was
below 17%, whereas in the other eight companies it was above 28%. Because operating
profit margins between



Exhibit 9.7 DESCRIPTIVE STATISTICS OF MANAGEMENT CONTROL

mean
(n=38)

standard
deviation

personnel control

effectiveness 3.33 1.02

resources control

adequacy
administrative control

3.56
3.48

0.63
1.26

process control

planning
frequency
attendancy mix

3.78
3.07
2.37

1.57
0.88
0.51

external control

international communication 3.46 1.31

management control
1

Likert 5-point scales; higher values indicate a more positive judgement1
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17% and 28% were not found in any of the companies, the separation is made at this level.
The significant relationships of size and management control with the different
performance and effectiveness variables, already shown in exhibits 9.3 and 9.8, are evident
again here, with additional information about the group means. Of more interest is the
observation that the effectiveness of personnel policy turns out to be significantly
correlated with 3 of the 4 performance and effectiveness measures. It is true for all four
performance and effectiveness measures that the assessment is clearly negative (below
3 on the Likert 5-point scale) in the low performing companies, and clearly positive in the
high performing companies. However, because of the inter-correlation of size and the
effectiveness of personnel policy, shown in exhibit 9.8, only a multi-variate analysis can
give conclusive evidence of whether the effectiveness of personnel policy provides ad-
ditional explaining power. A short development phase is also significantly associated with
the adequacy of resources, the importance of short-term, middle-term and long-term
planning and the attendancy mix, indicating a higher level of lateral and cross-functional
communication. The frequency of the project team meetings turns out to be significantly
higher in the case of high performance in

the discovery phase and is also significant for annual growth rate. Finally, the operating



Exhibit 9.8 SPEARMAN RANK CORRELATIONS OF MANAGEMENT CONTROL WITH
PERFORMANCE AND EFFECTIVENESS (n=10)

sales patent
number

dev.
length

profit
marge

growth
ratemanagement control

*  p < 0.1;     **  p < 0.05;     ***  p < 0.01;     2-tailed significance
adequacy is significantly correlated with R&D expenditure (r=0.67**)1

personnel control

effectiveness 0.50 0.36 0.43 0.71** 0.44

process control

planning
frequency
attendancy

0.31
0.44
0.18

0.06
0.75**
0.13

0.62*
0.30
0.66**

0.42
0.08
0.18

0.19
0.48
0.80***

external control

international communication 0.25 -0.02 -0.26 0.73** 0.06

1

resources control

adequacy
administrative control

0.43
0.14

0.24
0.17

0.54
0.42

0.51
0.39

0.30
0.05
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profit margin is also significantly correlated with international communication.

9.2.2 Multivariate Associations

The multivariate associations of size and management control with the different per-
formance variables are presented in exhibit 9.9. Neural network models could be
established for all performance measures, 60% to 80% of the total variance being
explained by the size of the R&D expenditures and the different management control vari-
ables. In all cases the test set fitness is above 50% and the F-value is significant. Size cont-
ributes more than 50% of the explained variance. Only for annual growth rate is this
percentage lower, namely 30% of the explained variance. The effectiveness of personnel
control is the most important factor of the management control variables. All performance
and effectiveness



Exhibit 9.9 PERCENTAGE EXPLAINED VARIANCE OF PERFORMANCE
AND EFFECTIVENESS BY SIZE AND MANAGEMENT
CONTROL (n=10)

patent
number

%

develop-
ment

length
%

operating
profit

margin
%

annual
growth

rate
%

- = no additional explained variance

size

R&D expenditure 44 52 43 24

personnel control

effectiveness 18 4 17 3

resources control

adequacy
administrative control

- 
- 

- 
- 

- 
11

- 
- 

process control

planning
frequency
attendancy mix

- 
14
- 

2
- 
5

- 
- 
- 

- 
- 

52

external control

international comm. - - 10 - 

76 63 81 79R  total2

R   training set
R   test set

79
53

59
85

80
82

79
75

2
2
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measures are associated with effectiveness of personnel policy in the multi-variate models.
The link between the other management control variables and the different performance
measures is less clear. Administrative control and international communication are asso-
ciated with operating profit margin, planning and attendancy mix with the length of



Results184

development, and the frequency of project team meetings with the number of patents. The
attendancy mix is significantly associated with annual growth rate 70% of the explained
variance of annual growth rate can be attributed to this variable.

9.3 DIFFERENT CROSS-SECTIONS OF THE STUDY SAMPLE

Exhibit H.3 shows that a more radical orientation and a more incremental orientation can
be distinguished. Radical companies spend on average more than 30% of the total R&D
budget on discovery, and employ more than 30% scientists in R&D. Incremental companies
spend less than 20% on discovery, and employ 20% or fewer scientists in R&D (r =
0.69 ). The idea that the difference found in the height of the discovery budget relative**

to the total R&D budget is merely depended on the size of the companies, smaller
companies having to spend more on discovery to get sufficient <leads’ for further
development, is only partly true. The companies conducting an incremental strategy are
somewhat, but not significantly, larger than those conducting a radical strategy. As
expected, a radical strategy is significantly correlated with international communication,
whereas an incremental strategy correlates significantly with research process communica-
tion. However, no significant correlation is found between a more radical strategy, and
the (absolute or relative) number of patents. In addition, no significant correlation is found
between a more incremental strategy and the length of the developmental process (data
not shown). Contrary to this, a significant correlation is found with annual growth rate.
The companies conducting an incremental strategy grow nearly twice as fast than those
conducting a more radical strategy.

Exhibit H.4 compares autonomous pharmaceutical companies (the pure play pharmaceu-
ticals with dependent pharmaceutical divisions of conglomerates, and compares Anglo-
American with continental European companies. The pure play pharmaceuticals perform
better than the divisions of conglomerates. They are somewhat, but not significantly, larger
than the divisions of the conglomerates. Comparatively, the differences between Anglo-
American and continental European companies are much larger. The average sales volume,
the R&D expenditures and the operating profit margin in Anglo-American companies are
more than twice as high as in the continental European companies. In both comparisons
the difference in the assessment of the effectiveness of personnel policy is significant. The
emphasis on career planning, and, although to a lesser extent, the way reorganizations are
performed, count for a large proportion of this difference. Both items are assessed very
negatively in the pharmaceutical divisions of conglomerates; the average values on a Likert
5-point scale are considerably below 3. In pure play pharmaceuticals, in contrast, the
assessments are much more positive; the average values are considerably above 3. In the
comparison of Anglo-American and continental European companies, the difference in
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the assessment of career planning is even more pronounced. The employees in the Anglo-
American companies appear to be considerably more positive about the possibilities of
career planning than their colleagues in the continental ones. In addition, a more positive
opinion about the possibilities of career planning is found in the larger companies than
in the smaller ones. However, this difference is smaller than that between pure play
pharmaceuticals and conglomerates and even much smaller than between Anglo-American
and continental European companies. Therefore, it is assumed that the differences in the
assessment of career planning, although partly scale dependent, can to a great extent be
attributed to the Anglo-American or continental European background of the company.
However, in the comparison of Anglo-American or continental European companies, the
difference in the assessment of the conduction of reorganizations disappear almost totally.
Consequently, it is likely that this difference must mainly be attributed to the (level of)
autonomy of the company involved. International communication is significantly
correlated with the background of the company; scientists in Anglo-American companies
attend significantly more international congresses and workshops than their colleagues
on the continent.

9.4 CONCLUDING REMARKS

In the last two chapters the results from universities, institutes and company laboratories
have been discussed separately. In this concluding paragraph the data will be integrated
into two tables, showing the differences and similarities between the three strata. Exhibit
9.10 integrates the exhibits E.2 and 9.7, and exhibit 9.11 integrates the exhibits 8.6 and
9.9.

Exhibit 9.10 shows that clear differences are found in the level of management control in
universities, institutes and companies. The scientific staff members in companies are, on
average, more positive about the effectiveness of personnel policy than their colleagues
in universities and institutes. Although a large differ



Exhibit 9.10 A COMPARISON OF THE LEVEL OF MANAGEMENT CONTROL IN
UNIVERSITIES, INSTITUTES AND PHARMACEUTICAL COMPANIES,
mean and (s.d.)

universities
n=142

institutes
n=44

companies
n=38

F-valuemanagement control

*  p < 0.1;     **  p < 0.05;     ***  p < 0.01

personnel control

effectiveness 6.96***2.52 (0.77) 3.09 (0.73) 3.33 (1.02)

resources control

adequacy
administrative control

3.65
8.96

**
***

2.54 (0.93)
2.00 (0.99)

2.89 (0.85)
2.41 (1.03)

3.56 (0.63)
3.48 (1.26)

process control

planning
frequency
attendancy mix

0.06
10.50

3.37
***
**

3.62 (1.17)
4.25 (0.78)
2.81 (0.44)

3.64 (1.17)
4.49 (0.96)
2.80 (0.65)

3.78 (1.57)
3.07 (0.88)
2.37 (0.51)

external control

international communication 3.64**2.54 (0.97) 3.06 (1.02) 3.46 (1.31)
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ence could be established between scientists in the different companies (see appendix H),
on average their judgement in terms of renumeration, career possibilities and recognition
was clearly more positive. The other empirical concepts of system control, adequacy and
administrative control are also judged more positively in companies. The estimated pace
of the administrative procedures is nearly twice as high as in universities, which could
indicate that the hypothesis of higher organizational flexibility in companies, at least
concerning operational flexibility, is correct. The generally negative judgements of the
researchers in universities concerning the empirical concepts of system control, has already
been mentioned as a possible illustration of the diminishing organizational flexibility due
to the budget retrenchment. The monitoring of the scientific network is more intensive and
the participation in international congresses is significantly higher in industry. The
researchers in institutes take an intermediate position between universities and companies
on all the empirical concepts of system and external control. Research process control is
significantly more intensive in universities and institutes than in companies, and the
frequency of research meetings and the attendancy mix is significantly higher.

Exhibit 9.11 shows the neural network associations of the contingencies and management
control with performance and effectiveness. It is interesting to notice that the effectiveness
of personnel policy, administrative control and external control, together with size explains
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(in strictly statistical sense) most of the variance of research performance in universities,
user performance in institutes and operating profit margin in companies. The fact that the
empirical concepts of process control do not add additional explained variance to all the
performance and effectiveness measures in universities and institutes and to the industrial
performance and effectiveness measures in pharmaceutical companies, is also worth
mentioning. 

The results presented in this section will be discussed in more detail in the final Section.
In the trajectory of theory construction, conclusions will be drawn regarding the theoretical
framework of this study. A critical reflection on the validity of the different theories and
methods will be combined with strong references to management impact, following the
trajectory of theory application.



Exhibit 9.11 PERCENTAGE EXPLAINED VARIANCE BY CONTINGENCIES AND

MANAGEMENT CONTROL OF PERFORMANCE AND EFFECTIVENESS

universities

n=40

institutes

n=17

companies

n=10

personnel control

effectiveness 5 - 4 5 14 3 18 4 17

resources control

adequacy

administrative control

-

4

-

-

(-)4

6

-

-

-

10

-

-

-

-

-

-

-

11

process control

planning

frequency

attendancy mix

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

14

-

2

-

5

-

-

-

external control

international communication

contractor communication

2

8

-

-

-

5

-

-

7

9

-

12

-

na

-

na

10

na

R   total 68 52 27 43 77 24 76 63 81
2

R   training set

R   test set

69

53

51

65

30

10

75

19

80

64

32

7

79

59

59

85

80

82

2

2

size

research staff 46 13 - 33 37 - 44 52 43

contingencies 3 39 8 5 - 9 na na na

rp

%

up

%

cs

%

pn

%

dl

%

pm

%

rp

%

up

%

cs

%

1

rp

up

cs

=  research performance

=  user performance

=  citation score

pn

dl

pm

na

=  patent number

=  development length

=  profit margin

=  not applicable

-  =  no additional explained variance

(-)  =  negative association with

performance and effectiveness

   = clinical practice
1


