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The ''International Comparative Study on the Organization and 
Performance of Research Units (ICSOPRU)", is a study of 
national S&T systems coordinated by Unesco since 1974. The 
study is an indirect, a-posteriori, multi-faceted evaluation 
of the management, productivity and effectiveness of research 
units. The universe of study in Mexico 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 belopging to 178 institutions. 

We found that units are quite effective in meeting both 
scientific consultations and technical services. Productivity 
is analyzed separately as sc~entific or technological. Both 
productivity types are arbitrarily defined by the authors. 
Scientific productivity is higher in cef.lt.ral than peripheral 
units, with the exception of units beldnging 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 
~nit's age, reaching maximum productivity at the age of 20 
:,'ears. ''Old" units reduce drastical:)..y 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 scientes. 
Technological productivity shows a less evident correlation 
with time, compared to scientific productivity. 

Performance distribution over time suggests the existence of 
life cycle typologies independent of scientific field, 
lto\.Jever this assertion could only be confirmed Hi th 
additional analysis of the data. 

----·------·-·--------------- ----~-- --------------



S&T Performance Assessment of Mexican Research Units 

1. Introduction 

The performance of research units is one the major anrl 
most legitimate concerns of S&T decision-making bodies. 
Because potential performance is 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 universe of 
all institutions whose primary activity is scientific or 
technological research (Jim~nez et al., 1987). The 
"international Comparative Study on the Organization and 
Performance of Research Units ( ICSOPRU)" is coordina t·:::·i 
by Unesco, having participated so far 17 countries of all 
latitudes, since 1974. In Mexico this is a project of tl~t2 
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 36 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 (Jim~nez et al., 
1986a). The center-periphery dichotomy refers to the fact 
lhat there are significant differences between 
institutions in the metropolitan area of Mexico City and 
those outside 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 



.·, 

.~:.. .. 

2 

The research units belong to the following institution 
types: 

- Federal government 
- Public academic 

Private academic 
-Other (private businesses, non-profit organizations, 

institutions belonging to international organizations, 
etc.) 

Productivity, that is the number of R&D products per 
scientist or engineer, is separated into scientific and 
technological products. 

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

Technological productivity is defined as the production 
of patents, algorithms, computer programs, blueprints, 
flowcharts, drawings, experimental prot6types, 
instruments, experimental materials, and collections of 
research materials. Depending on the nature of the work
done in the rese~rch unit, it will produce more of one or 
the other types. 

No attempt has been made to assess the quality of R&D 
products, since ICSOPRU does not d~rectly address suct1 
performance 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, 1978). 

~·1•2 found that performance varies with age of the unit, 
type of institution and geographic location 
(center-periphery). Units producing thecnological \ 
products 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 

The d~ta used in this study were obtained from the 
ansHers given by the heads of 221 research units. Tho=
ur:i ts ~~re classified as central or _peripheral, by 



· ... : 

3 

institution type, and scientific field. as explain•..:::d 
above. 

Table 1 shows the number of units per institution typ~ 
and geographic location (cent.er-periph<::ry). Table 2 sh·~t:=' 
the distribution of units per scientific field and 
institution type. 

_3. Per fo:mance assessment 

. .:: . 1 Scientific consultations and technical services 

Although t'lexican science is young compared ·to other 
countries (Jim~riez et al., 1986b), some segments are very 
dynamic in terms of consultations and technical services. 
A rough visual measure of the effectiveness of these S&T 
products is obtained by plotting the number of requeEts 
received on the y-axis versus the number of requests 
satisfied on the x-axis (see Figure 1). Units that aze 
100% effective rn meeting requests are plott.ed along a 
straigl1t line at 45 degrees, whereas units that do not 
meet all requests are plotted above this line. All plots 
sho~-m .::-tro-=: scaled to 100 to be able to make simple visual 
cumparisc•ns. 

Figures 1 and 2 shov1 the number of consul t21 tion reques t:o 
rec·:=ived by the units 1-Jithin the co-untry versus the 
number met. Figure 1 indicates the geographic locatioil 
and institution type of the unit, and Figure 2 the unit's 
scientific field. These figures sbm-1 that the number of 
units receiving requests is large (184 out of 221 units). 
The concentration in the lower left side of the figure 
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 high. However, there is one unit that gets many 
requests and meets only one out of five. It is a 
periphery-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 
sati~fiad. Fewer Mexican units get requests from abroad 
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(86 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 
is acceptable, except for one periphery-private academic 
unit in the social sciences which satisfies only one out 
of three requests from abroad. 

Regarding requests for and satisfaction of technical 
sc:rvices in the country, the picture is similar to tlt-::: 
one depicted by scientific consultations, although the 
number of units involved is smaller. Only 116 units 
r•=c.eivtS-d requests for technical services. Figures 5 and 
(,display the effectiv•:::ness of these. tvlost units fall on 
or very close to the diagonal, with the exception of two 
center-federal government units in agri-culture that !tave 
only a 50% effectiveness. 

Figures 7 and 8 show that only 36 units g~t requests f0t' 
technical services from abroad. Most units show an 
acceptable degree of effectiveness, but one 
periphsry-public academic unit in the social sciences 
does not satisfy an~ requests. 

3.2 Scientific productivity versus age of the research units 

Scientific productivity is defined as the number of 
books, papers published in the countl'Y or abroad, revie~Js 

and bibliographies, and original unpublished R&D reports 
produced in the 36 mon·ths previous to the survey, per 
scientist or engineer. We arbitrarily define 10 or more 
products as "high" productivity, betY.Jeen 5 and 10. 
products as "intermediate" productivity·, and below 5 
products as "low" productivity . Similarly, we consider 
units to be "young" when they are 10 or less years old, 
of "inter!Ilediate" age bet"\-Jeen 10 and 20 years old, and 
"old" when they are older than 20 years. 

Figures 9 and 10 show the age· of the unit (x-axis) versus 
its scier1tific productivity (y-axis). Figure 9 displays 
the geographic location (center-periphery) and 
institution type, and Figure 10 shows the scientific 
field of the unit. Both figure~ sh6w that 29 units (13%) 
reported not having produced any printed output in the 
last J~, !llontl:s previous to the survey. t'lost of the unit2 
( l 'XI c·•1t of 221, 86/~) are betw•.=:en 1 and 20 years old, and 
h.::tve pro~uced bett-Jeen zero and 10 printed products in tL•::: 
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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 20 
years, suggesting a positive correlation between age and 
printed productivity. There can also be observed a 
negative correlation between "old" age and productivity: 
most units older than 20 years display "low" 
productivity. Specifically, 12 out of 16 units over 20 
years old are in the "low" productivity interval, and 
none 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 
field, 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. 

-
A discussion of scientific producti v.i ty versus age of the 
unit, per institution type and geographic location 
follows: 

Federal government 

Peripheral units are younger and produce more than 
central units. Figure 12 shows that 78% of the peripllerC-tl 
units are in the "young" interval and none fall in the 
"old" interval, contrasted with only 69% of the central 
units 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 units are in the 
"intermediate" and "high" productivity intervals, and 
none stc:1nd out as a very high producer of printed output. 
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Public: ae:ademie; 

Peripheral units are much younger and produce fewer 
scientific writings than central units. As can be seen ir1 
Figure 13, central units are represented in the three ag~ 
intervals, whereas peripheral units are mostly 
repreEented in the first one (see Figure 14). Contrary to 
the previous case, central units produce more than 
peripheral uhits. In fact. 37% of the central units are 
from the "intermediate" productivity level up, 
contrasting with only ll% of the peripheral units in t!Je 
same levels. One central unit in engineering stands out 
as a very high producer of print·~d material. 

Private academic 

Peripheral units are much younger and produce a little 
less than central units: Figure 15 shows how central 

"'· units are repr•:=:sented in the three time intervals, 
wiv2reas peripheral units are mostly in the "young" 
interval (see Fi-gure 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. 

Peripher;:;.l units ore younger and produce less written 
output than central units. Figure 18 shows that all 
peripheral units are in the "young" age intc;rval and have 
"10\.·1" 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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3.3 Technological productivity versus age of the resear~h 
units 

Techn·::,logical productivit:; is defined as the producti•Xt 
CJ[ patents. blueprints, flo~.JCilarts, drat-Jings. 
e;-:per imcntal prr:.totypes, ins truwen ts, e:.:per imen tal 
materials, and collections of research materials 
performe~ in the 36 months previous to the survey, per 
scientist or engineer. The same productivity intel'VC.tls 
("high", "intermediate", "low") and age intervals 
("young", "intermediate". "old"). are used as in th<:: ( ·~::>, 

of scientific productivity. Figures 19 and 20 slto~·J the 
age of the unit (x-axis) versus its technological 
productivity (y-axis). Figure 19 displays the geographic 
locatior1 (center-periphery) and institution type, and 
Figur~ 20 shows the scientific field of the unit. The 
number of units producing technological output is muclt 
less than the units producing scientific output, only 93 
of 221 units (42%) produce technological results, 
compared to 192 units (87%) producing scientific results. 
Most of the units (195 of 221, 88%) fall between one and 
20 years old, and between zero and ten technological 
products. As with the scientific productivity case, all 
institution types and scientific fields are~ represent•2d 
within these interval~. 

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

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

A discussion of technological productivity versus age of 
the unit, per institution type and geographic location 
follows. Since age distribution is similar to the case of 
the sc ienti fie productivity analysis. the observa th:IJ·J::: 
with ~espect to time are the same. therefore no ernphasi~ 
will be made in that respect. 
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Federal government 

Central units are older and produce more than peripheral 
units. Figure 21 shows that 30% of the central units are 
in the "intermediate" and "high" produc ti 'li ty intervals , 
while only one peripheral unit in engine~ring (4%) is in 
the "high" productivity interval, and no one falls in thr~ 
"intermediate" productivity interval (see Figure 22). 
:31:-: (.:-en tral units stand out in the "high" produc ti vi ty 
level: four in medicine, one in the natural sciences, and 
one in engineering. 

Public academic 

Peripheral units are much younger and produce about tl"l'~ 

same as central units (see figures 23 and 24). However. 
in the "high" productivity level more central units ar8 
represented: 11% central versus 6% peripheral. The 
central units which are "high" producers are three in the 
natural sciences 1 two in engineering, and two in the 
social sciences. 

Priv~te academic 

Peripheral units are younger and produce less than 
central units. Figures 25 and 26 sho~<1 that more 
peripheral units (78% vs. 56%) have zero productivity, 
and or.ly t~·JO central units reported "high" producti vi tv. 
one in the social sciences and one in the natural 
sciences. 

Other 

F·2r ipheral units are younger than central units and do 
net produce any technological products (see figures 27 
and 22-) . Two central units do have technological out[:··'.! t:, 
c·ne i:; the "low" productivity interval, and one in th'2 

------------------
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"int.enne.jiate" productivity interval. Both units are iii 
the social sciences. 

z,. Conclusions. 

Effectiveness in meeting both scientific consultations 
and tedmological 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 
abroad. 

In terms of age, as reported in earlier works (Jim~nez et 
al., 1986a) peripheral units are younger in general than 
central units. 

Scientific productivity, as defined in this paper, is 
higher in peripheral units of th_e federal government than 

~ the corresponding central units. Central units are more 
productive in all other institution types than peripheral 
units. Units in~he social sciences and the.hurnanities 
stand out as "high" producers of scientific output. 

l\ po::: i ti ve correlation between the unit's age and 
scientific productivity is apparent, reaching maximum 
productivity at about 20 years. A negative correlation is 
observed for units in the "old" age interval . 

. 
Fewer units are engaged in the production of 
technological output than in scientific output. 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 scientes. engineering and medical sciences are 
equally represented in the "high" productivity interval. 
UnitE ln agriculture are not represented in that inter'J.3 L 
at all. 

Posl~ive and negative correlations between the unit's ag~ 
an.J t~cl·nolvgical produc ti vi ty are less at:·parent than in 
tlt-: s.:i·:·ntific productivity case. 
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Finally, further research will make evident whether it is 
possible to classify units within life cycles independer1t 
of scientific field . 
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