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ABSTRACT

The "International Comparative Study on the Organization and
Ferformance of Research Units (ICSOPRU)", is a study of
national S&T systems coordinated by Unesco since 1974. The
study 1is an indirect, a-posteriori, multi-faceted evaluation
of the management, productivity and effectiveness of research
uniits. The universe ¢f study in México was made up of "all
fnstitutions whose primary activity is scientific or
technological research”. This universe consists of 251
research institutions. The sample drawn from it is composed
by 221 research units belonging to 178 institutions. ’

We found that units are quite effective in meeting both
scientific consultations and technical services. Productivity
is analyzed separately as scientific or technological. Both
productivity types are arbitrarily defined by the authors. A
Scientific productivity is higher in central than peripheral
units, with the exception of units belonging to institutions

~of the federal government, where peripheral units produced

more scientific output. Units in the social sciences and the
humanities are the highest producers of scientific results.
Scientific productivity shows some correlation with the
unit's age, reaching maximum productivity at the age of 20
vears. ""0ld" units reduce drastically its scientific output.

Thecnological productivity is greater in central than
peripheral units, independent of institution type. The

highest producers of technological output are units in the

natural sciences, engineering and medical sciences.
Technological productivity shows a less evident correlation

“with time, compared to scilentific productivity.

Performance distribution over time suggests the existence of
life cycle typologies independent of scientific field,
however this assertion could only be confirmed with
additional analysis cof the data.
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S&T Performance Assessment of Mexican Research Units
Introduction

The performance of research units is one the major and
most legitimate concerns of S&T decision-making bodies.
Because potential performance i3z difficult to assess,
funding decisions are based primarily on past
performance. This paper analyzes data from a national
survey of Mexican research units drawn from a univer=ss of
all institutions whose primary activity is scientific or
technological research (Jiménez et al., 1987). The
"lnternational Comparative Study on the Organization and
Ferformance of Research Units (ICSOPRU)" is coordinated
by Unesco, having participated so far 17 countries of all
latitudes, since 1974. In Mexico this is a project of the
federal government sponsored through the National Science
and Technology Council (CONACYT)..

Two components of performance are studied:

first, the number of services (consultations and
technical services) performed by the unit during the 12
months previous to the survey;

" second, the number of research products completed during
the last 236 months, per scientist or engineer.

We are interested in assessing performance differences
among research units by scientific field and type of
institution, in addition to the center-periphery
classification introduced earlier (Jiménez et al.,
1986a). The center-periphery dichotomy refers to the fact
that there are significant differences between
institutions in the metropolitan area of Mexico City and
those cutside it, in the provinces. Scientific fields are
grouped into five macrofields according to the
classification used by CONACYT:

- Natural sciences

- Agricultural sciences and technologies
- Engineering sciences and technologies
- Medical sciences and technologies

- Social sciences and the humanities
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- Federal government

- Public academic

- Private academic

- Other (private businesses, non-profit organizations,
institutions belonging to international corganizations,
etc.) ' '

Productivity, that is the number of R&D products per
scientist c¢r engineer, 1s separated into scientific and
t=achnological products. ’

Scientific productivity is arbitrarily defined as the
production of books, scientific ¢r technical papers
published in the country or abroad, critical reviews and
bibliographies, and original unpublished R&D reports.

Techncolcogical productivity is defined as the producticon
of patents, algorithms, computer programs, blueprints,
flowchartz, drawings, exXperimental prototypes,
instruments, experimental materials, and cocllections of
research materials. Depending on the nature of the work-
donie in the research unit, it will produce more of one or
the other types. N

No attempt has been made to assess the quality of R&D
products, since ICSOPRU does not directly address such
p=rformance charasteristic. Performance is assessed by
graphical methods (Chambers et al., 1983; Chambers &
Kleiner, 1982), indexes (Alestalo, 1979; Knorr et al.,
1979), and clustering techniques (Guanadeskian, 1979;
Hayashi, 1980; Shye, 1973).

We found that performance varies with age of the unit,
type of institution and geographic location
(center-periphery). Units producing thecnolegical
productz are fewer than those producing scientific
products. Units in the social sciences and the humanities
stand out as high producers of scientific papers.

The data

Th= data used in this study were obtained from the
answers given by the heads of 221 research units. The
units are classified as central or peripheral, by
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inztitution type, and scientific ficld, as explained
above.

Table 1 shows the number of units per institution type
and geocgraphic location (center-periphery). Table 2 shous

the distribution of units per scientific field and
institution type.

Ferformance assessment
Zcientific consultations and technical services

Althouzh Mexican science is young compared to other
countries (Jiménez et al., 1986b), some segments are very
dynamic in terms of consultations and technical services.
A rough visual measure of the effectiveness of these 3&T
products i3 obtained by plottins the number of requests
received on the y-axis versus the number of requests
csatisfied on the x-axis (see Figure 1). Units that are
100% effective in meeting requests are plotted along a
straight line at 45 degrees, whereas units that do not
meat all requests are plotted above this line. All plots
shown ar= scaled to 100 to be able to make simple visual
compariscons.

r=s 1 and 2 show the number of consultation regquest:
zived by the units within the country versus thes

mber met. Figure 1 indicates the geographic location
and inmstitution type of the unit, and Figure 2 the unit’'s
scientific field. These figures show that the number of
units receiving requests is large (184 cut of 221 unitsz).
The concentration in the lower left side of the fizure
indicates that most units get a low number of requests
(1-5 per year). Since most of the units are plotted close
to the diagonal, we may assert that effectiveness is
fairly hisgh. However, there is one unit that gets many
requests and meets only one out of five. It is &
reriphery-private academic in the social sciences. There
are two more units with low affectiveness, one
center-public academic in engineering, and one
center-other in the social sciences.

Figur=s 3 and 4 show the number of scientific
consultations received from abroad versus the number
saticficsd. Fewer Mexican units get requests from abroad
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{3n out of 221). The distribution of units looks about
the same as in the previous case: many units concentrate
in the lower-left side of the figure, however the number
of requests is smaller. Again, effectiveness in general
iz acceptable, except for one periphery-private academic
unit in the sccial sciences which satisfies only one out
of three reguests from abroad.

iegarding requests for and satisfacticon of technical
gzrvices in the country, the picture is similar to tii=
cne depicted by scientific consultations, although the
number of units involved is smaller. Only 116 units
recelived requests for technical services. Figures 5 and
2 display the effectiveness of these. Most units fall on
or very close to the diagonal, with the exception of two
center-faederal government units in agriculture that have
cnly a 50% effectiveness.

Figures 7 and 8 show that only 36 units get requests for
technizal services from abroad. Most units show an
acceptable degree of effectiveneszs, but one
perich=ry-public academic unit in the sccilal sciences
does not satisfy any requests. )

Sclentific productivity versus ags of the research units

Scientific productivity is defined as the number of
books, papers published in the country or abroad, revieu:
and biblicgraphies, and original unpublished R&D reports
produced in the 26 months previcus to the survey, per
scientist or engineer. We arbitrarily define 10 or more
products as "high" productivity, between 5 and 10.
products as "intermediate" productivity, and below S
products as "low" productivity . Similarly, we consider
units to be "young' when they are 10 or less years old,
cf "intermediate' age between 10 and 20 years old, and
"old" when they are older than 20 years.

{3

Figures 9 and 10 show the age of the unit (x-axis) versus
its scientific productivity (y-axis). Figure 9 displavs
the gecgraphic location (center-periphery) and
institution type, and Figure 10 shows the scientific
field of the unit. Both figures show that 29 units (12%)
reportad not having produced any printad ocutput in the
last 24 months previocus to the survey. Most of the unitcs
(L2920 cut of 221, 86%) are betwsen 1 and 20 years cld, and
lhave produced between zereo and 10 printed products in thz
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last three years. All institution types and scientific
fields are represented in these intervals.

It is interesting to note that, in general, units are
distributed along a line going from the lower left side
of the figure (see Figure 9), upwards to approximately 220
years, suggesting a positive correlation between age and
printed productivity. There can also be observed a
negative correlation betwsen "old" age and productivity:
most units older than 20 years display "low"
productivity. Specifically, 12 cut of 16 units over 20
vears old are in the "low" productivity interval, and
ncne of the remaining 4 units fall in the "high"
productivity interval.

This performance distribution over time suggests the
existence of a unit typology independent of scientific
fi=ld, like the one proposed by Aimeti et al.(1979). In
essence, Aimeti's typology could be interpreted as two
different life cycle paths to which all units belong.
Further analysis will show the validity of this
assertion.

® Finally, more than half of the units in the "high”
productivity class are in the social sciences and the
humanities. h :

A discussion of scienfific productivity Versus'age of the
unit, per institution type and geographic location
follows:

Federal government

Paripheral units are younger and produce more than
central units. Figure 12 shows that 78% of the peripheral
units are in the "young"” interval and neone fall in the
"old" interval, contrasted with only 69% of the central
uniits in the "young" interval (see Figure 11). In terms
of productivity, 39% of the peripheral units are from the
"intermediate" level up, with two units standing out for
very high productivity in the social sciences. In
contrast, only 33% of the central unilts are in the
"intermnediate”" and "high" productivity intervals, and
ncne ctand out as a very high producer of printed output.



Public academic

Feripheral units are much vounger and produce fewer
gscientific writings than central units. As can be s=en in
Figure 13, central units are representad in the three aza
int=rvals, whereas peripheral units are mostly :
represented in the first one (se= Figure 14). Contrary to
the previcus case, central units produce mere than
peripheral units. In fact, 37% of the central units are
from the "intermediate" productivity level up,
contrasting with only 17% of the peripheral units in the
zame levels. One central unit in engineering standsz curk
as a very high producer of printed material.

FPrivate academic

Peripheral units are much younger and produce a little
less than central units. Figure 15 shows how central
units are repres=nted in the three time intervals,
whareas peripheral units are mostly in the "voung"
interval (see Figure 16). Productivity of central units
is somewhat better than peripheral units. In contrast,
one peripheral unit in medicine has a remarkably high
productivity in printed material.

Peripheral units are younger and produce less written
output than central units. Figure 18 shows that all
peripheral -units are in the "young" age interval and have
"low" productivity. Figure 17 shows that two central
units are in the "intermediate'" age interval, and have
"intermediate" productivity of printed material.
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2.3 Technological productivity versus age of the research
units

Technological productivity iz defined as the production
of patents, blueprints, flowcharts, drawings,
eXperimental prototypes, instruments, experimental
materials, and collections of research materials
prerformed in the 36 months previcus to the survey, per
scientist or engineer. The sane productivity intervalcs
("high", "intermediate", "low") and age intervals
("young", "intermediate'. "c¢ld"). are used as in the <=z
of scientific productivity. Figures 19 and 20 show the
ag=2 of the unit (x-axis) ver=sus its technological
productivity (y-axis). Figure 19 displays the geographic
location (center-periphery) and institution type, and
Figur= 20 shows the scientific field of the unit. The
number of units producing technological cutput is much
less than the units producing scientific output, only 92
of 221 units (42%) produce technological results,
compared to 192 units (87%) producing scientific results.
Most of the units (195 of 221, 88&8%) fall between one and

¥ 20 vears old, and between zero and ten technological
products. As with the scientific productivity case, all
institution types and scientific fields are‘*represented
within these intervals.

The correlation between age and productivity is less
evident here than in the sclentific productivity case.
and tne-maximum productivity is reached earlier, perhaps
at 10 or 12 vears of age. Also, the correlation between
"old" age and productivity is less apparent: 9 out of 16
units over 20 vyears old are in the "low'" productivity
interval, although 4 of the remaining 7 units are in the
"high" productivity interval.

Finally, units in the natural sciences. engineering and
medical sciences are egually represented in the "high"
productivity interval. Units in agriculture are not
represented in that interval.

A discussion of technoclogical productivity versus age of
the unit, per institution type and gecgraphic locaticon .
follows. Since age distribution is similar to the case of
the scientific productivity analysis, the cobservationcz
Wwith respect to time are the same, therefore no emphasis
Wwill be made in that respect.



Federal government

Central units are older and produce mcere than peripheral
unite. Figure 21 shows that 20% of the central units are
in the "intermediate" and "high" productivity intervalg,
while only one peripheral unit in engineering (4%) is in
the "high" productivity interval, and no one falls in the
"intermediate” productivity intsrval (see Figure 22;.
3ix central units stand ocut - in the "high" productivity
level: four in medicine, one in the natural sciences, and
orie in engineering.

Fublic academic

eripheral units are much younger and produce about the
a as central units (see figures 23 and 24). However,

2 "high" productivity level more central units are
represaented: 11% central versus 6% peripheral. The
central units which are "high'" producers are three in the
natural scilences, two in engineering, and two in the
social sciences. :

3

Feripheral units are younger and produce less than
central units. Figures 25 and 2% show that more
peripheral units (78% vs. 56%) have zero productivity,
and only two central units reported "high" productivity,
cne in the social sciences and one in the natural
sciences. ‘ : '

Other

Feripheral units are younger than central units and do
not produce any technological products (see figures 27
and 28). Two central units do have techneological ocutput,
cne in the "low" productivity interval, and one in the=
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“"intermediate” productivity interval. Both units are in
the social sciences.

Conclusions.

Effectiveness in meeting both scientific consultations
and technological services is satisfactory in general.
Fewer units receive requests for scientific consultations
from abroad than from within the country. Similarly,
fewer units receive requests for technical services that
for scientific consultations both within the country an
abiroa

In termz of age, as reported in earlier works (Jiménez =t
al., 1986a) peripheral units are younger in general than
central units.

Scientific productivity, as defined in this paper, is
higher in peripheral units of the federal government than
the corresponding central units. Central units are more
productive in all other institution types than peripheral
units. Units in ~the social sciences and the.humanities
stand out as "high" producers of scientific output.

A positive correlation between the unit's age and
scientific productivity is apparent, reaching maximum
productivity at about 20 years. A negative correlation is
cbserved for units in the "old" age interval.

Fewer units are engaged in the production of
technological cutput than in scientific ocutput. This is a
confirmation of the reduced potential for technological
research of the Mexican S&T system. Technological
productivity, as defined in this work, is greater in
central units than in peripheral units, with the
exception of public academic institutions, whose central
and peripheral units produce about the same. Units in the
natural sciences, engineering and medical sciences are
equally represented in the "high" productivity interval.
Uniteg in agriculture are not represented in that interval
at all.

Pcsitive and negative correlations between the unit's age

and technological preoductivity are less apparent than in
th=e cocicontific productivity case.
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Finally, further research will make evident whether it i=x
peossible to classify units wichin life cycles independent
cf scientific field.
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