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THE INCREASING SHIFT TOWARDS EXTER-
nal contract research income (in contrast
to grant income) as the primary means of

funding public research institutions and
universities has extracted a high toll on
these institutions and on their stakeholders.
Although this policy has the benefits of in-
creasing the relevance of public research
institutions to broader research and develop-
ment (R&D) objectives, and of improving the
competitiveness of the public R&D sector,
data from the financial performance of the
South African CSIR over a long period
indicates that it has had the simultaneous but
adverse effects of reducing research capacity,
decreasing the social return from public
funds and increasing the cost of research to
the public sector. The continuing use of external
research income as a key performance measure
is highly problematic and will further under-
mine the science and technology quality of
our research institutions. Although a return to
exclusive grant funding is also not the answer,
the use of a mixed income model requires
the simultaneous adoption of a set of research
management practices to prevent the recur-
rence of the problems faced by the CSIR over
the last four years.

Introduction
Performance management of public

research institutions (PRIs), such as South
Africa’s Council for Scientific and Industrial
Research (CSIR), is not an exact science;
despite sustained discussion and debate,
and several excellent reviews and guides
to the field,1–4 the most effective means of
ensuring the delivery of an efficient social
return from public funds invested in such
organizations is not universally agreed.

It is with some interest that we note a
recent editorial in Nature.5 Referring to
the 2006 budget speech by the U.K.’s
chancellor of the exchequer, Gordon
Brown, the editorial comments:

One metric highlighted in the budget
statement, external research income,
seems a reasonable basis for departmental
funding, as this income correlates very
well with the peer review that was done in
the assessment exercise....

And later in the same editorial:
One way forward for the UK government
would be to let reliable metrics, such as
total external research income, replace

much of the Research Assessment Exercise
process....

Is this indeed the answer? Is external
research income a reasonable or unrea-
sonable basis for departmental (govern-
ment) funding? The historical financial
statistics for the CSIR over the period
from 1955 to 2005 provide an interesting
case study for the management of PRIs
within a mixed income policy framework.
In this article, the data are used to question
the proposals made by the Nature editorial,
and provide some rather different inter-
pretations of the impact of mixed income
environments on PRIs. We conclude with
a set of recommendations for research
management within PRIs. Although the
experience of the CSIR is specific to a single
science council operating within the
South African National System of Innova-
tion, we consider that these recommen-
dations are more generally applicable
and address a research management
issue which is both important and highly
topical.

Evaluation approaches
Given the uncertain nature of research,

it is extremely difficult to set meaningful,
quantitative and unambiguous perfor-
mance measures for grant-funded institu-
tions. Various approaches have been used
including ex post and ex ante evaluation
methods; the encouragement of mixed
income models (income from both grant
and contract sources); an increased alloca-
tion to competitive and directed funding
streams (as opposed to performance-
based block funding); and qualitative
performance targets using the balanced-
scorecard framework.

In South Africa, a balanced-scorecard
approach was introduced in 2001 and has
been used with relatively little change
over the last five years.6 The scorecard
includes the five main key performance
indicators (KPIs) of ‘stakeholders and
customers’, ‘finance and investment’,
‘organizational’, ‘learning and growth’,
and ‘organizational demographics’. Each
KPI is further split into a number of
sub-categories, which are in turn
assigned quantifiable measures. All PRIs
under the management of this system
(most of the principal science councils

and agencies in South Africa) are required
to complete an annual summary of per-
formance against the pre-determined tar-
gets, for assessment by the Department of
Science and Technology and the relevant
line department. This assessment is in
turn linked to the forthcoming budget
cycle; in other words, the annual grant
funding is adjusted according to perfor-
mance as measured through the KPI
framework.

Given the relative size of the budgets
for the South African PRIs within the
national context and the evolving litera-
ture relating to performance manage-
ment of the higher educational sector,7 it is
surprising that this sector of the R&D
community has not been the subject of
more extensive public debate and review.
Indeed, relatively little has been published
on the CSIR or other science councils in
this regard, with the most recent articles,
at least to our knowledge, on the role of
such bodies and their impact on social
and economic development last appear-
ing in 19958 and 1993.9

This situation is now changing, how-
ever; there is a growing body of research
managers who are concerned about, and
interested in, best practice management
techniques for the national system of
innovation. In particular there is an
increasing use of evaluation techniques
within the higher educational institutions
and an increasing emphasis placed by
such institutions on external contract
income. As a result, it is urgent and impor-
tant to open the debate on the impact of
mixed income policy models on our
institutions at this stage in the evolution
of our system.

Motivation for a mixed income model
Across the world, PRIs operate under a

range of income models, from being
wholly funded by government grant to
almost entirely funded by contract research
or project. For instance, in a limited study
undertaken by the CSIR in 2002, the ratio
of grant to contract income was found to
range from 72% (Institute for Research in
Construction, National Research Council
of Canada) to 25% (TNO Nutrition and
Food Research Institute, the Netherlands).
The trend in the 1980s was most certainly
towards increased contract and reduced
institutional or grant funding,4 with the
motivation for this change in the manage-
ment of the PRIs being as follows:
• Grant funding was not considered suffi-

ciently competitive; by introducing a
higher proportion of income from com-
petitive funding streams, it was argued
that the overall quality, efficiency and
output from PRIs would be increased.
Evaluation processes for competitive
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funds are mostly based on peer review,
which provides a powerful mechanism
for ensuring higher research quality.

• Contract or project funding increases
the relevance of PRIs; left to their own
devices, the perception was that such
institutions become separated from the
needs of the real world. The direct result
of forcing such organizations to com-
pete in selling their skills and knowl-
edge products would be to ensure that
such skills, services and products were
more relevant to the needs of the mar-
ket and the stakeholders.

• Contract funding spreads the load of
maintaining a country’s R&D infra-
structure and capacity. PRIs become less
reliant on government funding and can
afford to retain the same capacity at
lower overall cost to the public sector.
Despite the massive implications that

such policy decisions have had on PRIs in
terms of their organizational strategies,
structure and research content, the im-
pact of the decisions in the South African
context has drawn very little analysis,
with one notable exception.9 In the latter
article, the authors questioned the argu-
ments in favour of the transformation of
the CSIR to a market-orientated, techno-
logical research establishment. They
further concluded that this transformation
had failed to achieve its main objective,
namely to build a support service for
the private sector, but in the process had
severely damaged ‘scientific endeavour
within the CSIR and in the country as a
whole’.9

In our article, the reasons for the shift
towards a mixed income model as de-
scribed above are not challenged directly.
Instead, changes in research capacity,
financial turnover per employee and re-
muneration within the CSIR as a result of
this framework are investigated, and a
number of observations of importance to

public science and technology policy are
made.

Historical financial and employee
statistics for the CSIR

The CSIR has operated under a mixed
income model since 1955, as shown in
Figs 1 and 2. The information has been
adjusted for inflation and is expressed in
constant 1995 rands. Disbursements to
other PRIs in the form of grants have been
excluded and the total income is reflected
as the sum of parliamentary grant (per-
formance-based block funding), contract
income and ‘own’ income, where the last
refers to income from investments and
royalties. Where possible, all effects due
to the separation of various entities from
the CSIR (such as the former Foundation
for Research Development and the Medi-
cal Research Council) have also mostly
been excluded.

Several interesting observations can be
drawn from the data. First, it is noted that
highest income in real terms was attained
in the year 1990, and has since mostly
declined. The precipitous decline in the
early nineties was partly due to the high
inflationary environment of this period

and the rapid decrease in grant income as
a result of changes in resource prioritiza-
tion at a national level.

Second, grant income has started to
increase again in real terms, having
reached a low of R185 million (adjusted to
1995 rands), last seen in 1959. In the last
three years, grant income has increased
annually by an average of 7% and is now
39% of the total CSIR income. Further
comment on the impact of the relatively
low levels of grant income versus total
income is made in what follows.

Finally, income from ‘own’ sources has
never been a significant component of
turnover, despite considerable emphasis
by the organization over the last fifteen
years to increase its return on research
expenditure from royalties and other
forms of income from its intellectual
property. This experience is not dissimilar
to that of many PRIs which followed a
strategy of attempting to obtain increased
third stream funding from the registra-
tion and sale of intellectual property.
Success with this strategy still belongs
only to a rather small and perhaps élite set
of global institutions.

In comparison with the financial data,
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Fig. 1. CSIR income over the period 1947 to 2006, adjusted to constant 1995 rands, segregated according to the categories of ‘grant’, ‘contract’ and ‘own’ funds, and
excluding disbursements to other PRIs.

Fig. 2. Proportion of the CSIR’s external contract to total income from 1955 to 2006. Contract income peaked
as a proportion of total income in 1967 and again in 2003.



the pattern of employment within the
CSIR over the same period shows a
different trend (see Fig. 3). The total
number of CSIR employees peaked at
5000 in 1984, but has declined subse-
quently to a total of 2179 in 2006. This
decline has severe implications for policy
analysts. An important objective for any
government is to build and strengthen a
country’s science and technology (S&T)
base. The radical decline of the CSIR’s
employee numbers, even in a period of
increasing total income (1987 to 2006), is
alarming and contrary to such an objective.

Further analysis reveals that employee
numbers correlates well with grant in-
come (see Fig. 4; the correlation coeffi-
cient R2 = 0.85 over the period 1955 to
2006), but not with contract income (R2 =
0.22). This result is indeed surprising.
Contrary to a widely held assumption
and to a key intended outcome of the
mixed income model, encouraging or
even forcing PRIs to earn contract income
does not retain research capacity within
an institution. Capacity in the CSIR was
lost nonetheless, and in the same propor-
tion as the decrease in grant income.

It could be argued that this loss of
capacity was necessary to transform and
modernize the CSIR. Strategic priorities
do change and expertise in certain areas
may no longer be required by the public
sector. However, this has not generally
been the experience of the CSIR; while in
some cases the shedding of S&T capacity
was entirely justifiable, in many cases the
institution and sometimes the country
lost key strategic S&T capacity, which
may have been of little direct interest to
the market, but was of high relevance to
the role of the public sector within the
research and innovation value chain
(such as early stage applied research in
aerospace and energy).

Employee ‘productivity’ and
remuneration

Employee productivity is normally
central to a performance management
system within any organization. Within a
public research institution, however, it is
hard to both define and to measure. The
input side is relatively straightforward;
there are remuneration costs, infrastruc-
ture costs and running expenses. But the
outputs are difficult to quantify in a
meaningful way. Most PRIs are non-profit
organizations; there are no shareholders,
no equity capital and no mandate to
generate a financial return on the invest-
ment. The CSIR, for instance, operates
at an almost constant and only slightly
positive margin (between 0 and 5%); its
costs mostly match its revenue and it pro-
duces mostly knowledge-based products

(such as scientific articles, client reports,
new designs and patents), whose eco-
nomic value is extremely difficult to quan-
tify, at least in the short term.

In this situation, employee productivity,
as employed in the traditional sense by
commercial enterprises, is a mostly mean-
ingless concept. However, use is made of
certain indicators in order to approximate
the productivity equation including scien-
tific publications per researcher and turn-
over per employee (defined as TPE). The
latter is a function of two critical parameters
as follows:

• Typically, employees of PRIs sell time to
projects; the harder they work, the
more time they can sell and hence the
higher the TPE.

• In addition, more senior and experienced
employees are able to charge at higher
rates with the result that the more
skilled the resource base of an organiza-
tion, the higher the TPE.
We noted above that in the mixed

income environment of the CSIR over the
period 1955 to 2006, employee numbers
correlated only with grant income. In a
period of declining grant income, em-
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Fig. 3. CSIR employees and total income. Employee numbers have declined consistently from a maximum of
5000 in 1984.

Fig. 4. CSIR employees and grant income. Employee numbers appear to correlate only with grant income;
contract income does not retain research capacity.



ployee numbers decreased, although
total turnover remained relatively unaf-
fected in real terms (at least over the
period 1976 to 2006) and, as a result, TPE
must have risen. Surprisingly, this is true
only in relation to contract research
income. TPE is uncorrelated with either
total income or grant income (R2 = 0.11
and 0.06, respectively), but TPE does cor-
relate with contract research income, ex-
pressed in real terms (R2 = 0.85; see Fig. 5).

It has already been noted that a mixed
income policy reduces overall research
capacity; the second consequence of the
policy is to increase TPE. It could be
argued that this is a positive consequence
or even benefit of the mixed income
model; putting the ‘squeeze’ on PRIs
forces such organizations to ‘cut out the
dead wood’. Undoubtedly some of the
increased TPE is due to the shutting
down of non-productive units; however,
a second component of the increase is due
to the higher cost of more specialized and
experienced engineers and technologists.

Within a more competitive environ-
ment, the institution is required to focus
its expertise, to build and retain more
specialized resources within niche areas.
The culture of the institution, including
its business model and employee profile,
shifts from a public sector or public service
culture to something more typical of a
private sector contract research company.
This change is particularly evident in the
salary structure (see Fig. 6). Increased
contract income may well drive higher
TPE, but this is achieved only though
higher average salaries associated with
the needs of specialization, the loss of
research independence and direct com-
petition with higher-salaried private
sector research organizations.

Although not explored in this article,
the salary differential between public and
private sector research organizations is
well documented through annual salary
surveys of research professionals in other
countries (such as the United States). This
differential varies across professions and
regions, but is typically 15–25% for
the same qualifications and levels of
experience, with university staff being at
the highest end of the differential. In
South Africa, a recent but as yet unpub-
lished salary survey lists the differential
between private sector and academic
salaries as being of the order of 30%. It is
therefore not surprising that salaries
within mixed income PRIs will rise in
response to the policy change.

There is a third, and more alarming,
explanation for the strong correlation
between contract income and TPE, and
the lack of any significant correlation

between total income and TPE. Grant
income is typically subject to ex-post
evaluation and is more loosely managed
relative to contract income. The latter is
often managed at a project level where
each project is subject to thorough ex ante
evaluation (through the project pro-
posal), interim evaluation against key
deliverables and milestones, and detailed
ex post evaluation (very often before any
final payment is made). As a result, mixed
income models almost by default imply
the combination of a tightly controlled,
highly competitive project management

environment with a more loosely con-
trolled, almost vague, portfolio manage-
ment system. In this situation, the deliv-
ery of grant-funded research projects
against their specific goals can be jeopar-
dized. The temptation to under-perform
on these projects, in order to ensure that
the contract research income is secure, is
too great to ignore. In other words, grant
income cross-subsidizes contract income.

Discussion
The promotion of a mixed income

policy to the point where contract income
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Fig. 5. Turnover per CSIR employee and contract income over the period 1965 to 2006. Turnover per employee
rises linearly in response to increasing contract income.

Fig. 6. Turnover per CSIR employee and remuneration. Higher turnover is closely linked with higher salaries.



is a significant component of total income
appears to fundamentally change the
nature of PRIs. An analysis of the historical
financial and employee data for the CSIR
since 1955 has highlighted several unin-
tended and negative consequences for
the organization and for the National
System of Innovation, as follows.
• Employee numbers correlate strongly

with grant income only and not contract
income; higher grant income both in net
terms and especially as a proportion of
total income, appears to lead an expan-
sion in research capacity (and vice versa).
In other words, institutional growth
happens only in a climate of increasing
grant income.

• Within the context of static or even
declining grant income, increasing
contract research income raises turn-
over per employee, probably as a result
of the closure of less productive units, a
shift towards more highly paid staff and
a cross-subsidization of contract work
by grant income. The last at least partly
explains the observation that turnover
per employee is heavily dependent on
contract income. In a situation where
grant income is not subject to the same
client evaluation, it is predictable that a
level of cross-subsidization will take
place.

• However, the increased turnover per
employee does not increase the PRI’s
profitability or sustainability; instead it
is driven by the rising remuneration
costs (measured as a higher remunera-
tion per employee). In simple terms, it
appears that the nature of the institution
approaches that of a private sector con-
tract research organization, including
the latter ’s salary scales.

• The higher salaries increase the cost to
government of the procurement of its
research needs and services; although
the initial motivation for mixed income
institutions may be well intentioned,
the unexpected consequences are to
drive upwards the unit cost of research
labour, drive down the impact from
public-funded R&D and reduce research
capacity, especially in areas of high
strategic importance but low market
relevance.
The above adverse consequences, which

have arisen from the CSIR’s mixed in-
come environment, supported by a stron
g management strategy in the 1990s to
transform the CSIR into a ‘market-orien-
tated technological research establish-
ment’,9 are drawn from the historical data
and do not include other consequences
which have been highlighted through
separate processes. For instance, the CSIR
Institutional Review of 2003 noted that:10

While the CSIR and its different Business
Units have shown considerable and laud-
able initiatives that have led to progress in
regard to increasing external revenue,
the Panel was of the view that external
revenue has sometimes been pursued as
an end in itself. This has entailed activities
that have been de-linked from the CSIR’s
science base and indeed, at times, activities
have been undertaken at the expense of
the science and technology base.

Thus, the major finding of the panel is
that the science and technology base is
currently not strong and that, in some
significant areas, the science and technol-
ogy base has been considerably weak-
ened since the previous review in 1997.

Following this review, the CSIR imple-
mented a widespread organizational
transformation, aimed at strengthening
the science and technology base, and
improving the research output of the
organization. Changes have been made
to the process through which the parlia-
mentary grant is allocated, to the perfor-
mance management framework of the
CSIR’s units, to its culture and even its
brand. The organization’s objectives now
include stretching targets for publications,
for human capital development and for a
more balanced research and innovation
portfolio, covering strategic basic research,
applied research and experimental devel-
opment, in addition to the existing activities
in technology transfer and knowledge
application. Without intending to high-
light any single change initiative as
more important than its companions, the
following key principles have emerged
from the transformation process, and
serve as an important reminder to the
management of any public research
institution:
• An exaggerated focus on external in-

come will put pressure on a research
organization to move away from its
mandate; as is well known, ‘he who
pays the piper calls the tune’. After
fourteen years of pushing for external
income growth, the CSIR was deeply
involved in activities which were a long
way outside its mandate.

• External income will rarely, if ever, pay
for a re-investment in the science and
technology base of a PRI; if public funds
are limited, over time, this base will be
undermined and could disappear en-
tirely. It is therefore important that
grant funds are specifically ring-fenced
(dedicated) for maintenance of the
science and technology base. In the
CSIR, the research portfolio is now
actively managed to ensure the appro-
priate balance between research (strate-
gic basic and applied), experimental

development, and technology transfer/
commercialization.

• The key imperative for a PRI operating
under mixed income is to manage the
nature of its external contracts, which
must be research contracts, and not
contracts covering consulting or the
procurement of knowledge-based
services.

• Grant funding must be as tightly man-
aged as external research income; in
order to avoid the dissipation of these
funds, and at worst the cross-subsi-
dization of external contracts, grant-
funded projects must have a clear set of
science and technology outputs which
are regularly monitored and evaluated.
Many of the problems described above
arise from the simultaneous existence of
tightly controlled external contracts and
more loosely managed grant income.

Conclusion
Evaluation is clearly a powerful tool

for determining new policy, for guiding
resource allocation decisions and for
meeting requirements in respect of public
accountability for the expenditure of
public funds. However, the evaluation
approach must be consistent, well struc-
tured and valid. The replacement of such
complex undertakings as the Research
Assessment Exercise of the United King-
dom by the simple parameter of total
external research income, is fraught with
problems; judging from the CSIR’s experi-
ence, such an approach will undermine,
and not improve, the scientific and tech-
nological quality of PRIs.
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