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“Fundamental Sciences or Basic Sciences” “Applied Sciences” 

“Invention”“Innovation”
“S&T (Science and Technology)”

“R&D (Research and Experimental Development)”

“STEM (Science, technology, engineering and mathematics)”
SETI (Science, Engineering, Technology and Innovation)

STI (Science, Technology & Industry, or
Science & Technology Indicators or
Science, Technology & Innovation)     

Research and Innovation
Open innovations Incremental innovations

Radical innovations Social innovations
Radical second innovations Frugal grassroots innovations

Disruptive innovations     pro poor innovations 
Creative destruction innovations   Inclusive innovations
Technoeconomic paradigms /  Technology paradigms



The acronym SETI
instead of STI was
used for the first
time by African
experts since
the nineties



Jorge Luis Borges (1899 – 1986)
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…Esas ambigüedades, redundancias y deficiencias 
recuerdan las que el doctor Franz Kuhn atribuye a 
cierta enciclopedia china que se titula Emporio 
celestial de conocimientos benévolos. En sus remotas 
páginas está escrito que los animales se dividen en: 

…These ambiguities, redundancies and deficiencies 
remind us of those which doctor Franz Kuhn 
attributes to a certain Chinese encyclopedia entitled 
The Celestial Emporium of Benevolent Knowledge. In 
its remote pages it is written that the animals are 
divided into:

a.pertenecientes al Emperador
b.embalsamados
c.amaestrados
d.lechones
e.sirenas
f.fabulosos
g.perros sueltos
h.incluidos en esta clasificación
i.que se agitan como locos
j.innumerables
k.dibujados con un pincel finísimo de pelo de camello
l.etcétera
m.que acaban de romper el jarrón
n.que de lejos parecen moscas

a.belonging to the Emperor
b.embalmed
c.trained
d.piglets
e.sirens
f.fabulous
g.stray dogs
h.included in this classification
i.trembling like crazy
j. innumerables
k.drawn with a very fine camelhair brush
l.etcetera
m.just broke the vase
n.from a distance look like flies

In order to understand and explain nature and society, the human mind divides the 
Universe (and everything) into categories (and concepts) that are not necessarily real.

Excerpts from: “The Analytical Language of John 
Wilkins" (Spanish: "El idioma analítico de John Wilkins") 
originally published in Otras Inquisiciones (1937–1952)

The writer Jorge Luis Borges questions this approach and suggests limiting the 
multiplication of categories, classes, families and species.



Christopher Freeman (1921-2010)
Fritz Machlup
(1902 – 1983)


F. Machlup (1962) The 
Production and 
Distribution of 
Knowledge in the US, 
Princeton Univ. Press, 
pp. 180–181. 

Christopher Freeman 
(1921 – 2010)
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How suitable are the indicators of the 
Frascati–Manual family to generate 

“evidence-based policies”?

Input indicators Output indicators



One of the most complete databases is the Web of Science, 
which includes the Science Citation Index (SCI) Social 
Science Citation Index (SSCI) and Arts and Humanities 
Citation Index (A&HCI). The latter is now maintained by 
Thomson-Reuters a private company and covers 12 000 
peer-reviewed journals. 

The other major database is SCOPUS which is maintained by 
Elsevier Science and covers 18 000 peer-reviewed journals.

Articles 
Meeting abstracts 
Reviews 
Letters 
Editorial material 
Proceedings papers
Book reviews 
Corrections 
Book chapters

Type of scientific documents 
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How sensitive are some temporal series of indicators to detect 
the influence of the national “ecosystem conditions” 
(contextual factors or political stability) ?



Number of scientific articles listed at SCI-EXP+SSCI+A&HCI
Senegal Rwanda
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Some examples of the sensitivity of scientific productivity 
to political stability/absence violence

Source: Lemarchand (2018)
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R² = 0.994

R² = 0.975

R² = 0.97
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Technology Policy Framework 
of the Jiangsu province
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Evolution of Technological 
Policy Instruments in China

AM: Administrative Mechanisms
FM: Financial Mechanisms
FTM: Fiscal and Taxes Mechanisms
PM: Human Resources Mechanisms
OEM: Other Economic Mechanisms

STI Policy Instruments implemented 
by the Central Government

STI Policy Instruments implemented 
by the Jiangsu province (around 90 M inhabitants)
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World distribution of scientific articles 2016
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Articles by main field of science
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First run

Time for questions



What do we know about R&D indicators in Uganda?



Main R&D Indicators in Uganda
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Distribution of GERD in Uganda by financing source

Source: Lemarchand (2021) based on raw data from UNESCO Institute for Statistics and UNESCO Statistical Yearbook 1999
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Distribution of GERD in Uganda by sector of performance

Source: Lemarchand (2021) based on raw data from UNESCO Institute for Statistics
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2007 R&D Survey in Uganda
Researchers HC: 785   approx. 352 FTE
or 11.9 FTE Researchers/million inhabitants

GERD = 1.1 % GDP (??)



2010 R&D Survey in Uganda
Researchers HC: 2,823   1,263 FTE
or 39 FTE Researchers/million inhabitants

GERD = 0.50% GDP



2019 African Innovation Outlook III

2014 R&D Survey in Uganda
Researchers HC: 1,942   1,028 FTE
or 25.8 FTE Researchers/million inhabitants

GERD = 0.18% GDP



The leaky pipeline: share of women in higher education and research 
in the world (2013) and in Uganda (2004-2014)

Uganda (2014)
28.1%

Uganda (2004)
34.4%

Uganda (2004)
37%

Uganda 
n/a

Women in the 
world 

75 members in Uganda
Source: Lemarchand (2021) based on UNESCO Science Report 2015 
and UIS historical data

% %

%
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Women in science and engineering in Uganda

nature
Volume 591 Issue 7851, 

25 March 2021



Inconsistencies within the number of FTE Researchers in Agricultural Sciences…
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Recent data on agricultural science indicators in Uganda by IFPRI-ASTI
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Recent data on agricultural science indicators in Uganda by IFPRI-ASTI
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Uganda: Scientific articles in mainstream journals
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Co-authorship of scientific articles in 
mainstream journals

Source:  Prepared by Lemarchand (2021) based on raw data from SCI-EXP, and SCOPUS
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35 South Africa 5,051 27.8 1 36 South Africa 10,611 21.3 1 28 South Africa 26,263 0.7 1
39 Egypt 2,963 15.9 2 41 Egypt 8,307 15.2 2 32 Egypt 24,356 0.7 2
55 Nigeria 1,172 14.5 3 47 Nigeria 4723 9.8 3 51 Nigeria 10,679 0.5 3
59 Tunisia 743 12.1 4 52 Tunisia 4,265 13.4 4 54 Algeria 8,110 0.5 4
63 Kenya 620 34.4 5 55 Algeria 3,136 12.4 5 56 Morocco 7,888 0.5 5
67 Algeria 495 12.1 6 58 Morocco 2,138 11.7 6 57 Tunisia 7,757 0.5 6
76 Zimbabwe 378 18.5 7 67 Kenya 1,376 27.1 7 66 Ethiopia 4,196 0.5 7
79 Ethiopia 279 26.0 8 82 Ethiopia 723 23.6 8 72 Ghana 3,357 0.6 8
82 Senegal 260 15.9 9 83 Tanzania 716 33.0 9 73 Kenya 3,321 0.7 9
83 Tanzania 255 24.1 10 84 Uganda 699 28.7 10 83 Tanzania 1,918 0.7 10
85 Ghana 236 21.8 11 84 Ethiopia 723 23.6 11 84 Uganda 1,912 0.7 11
90 Cameroon 205 23.4 12 85 Cameroon 689 19.4 12 89 Cameroon 1,741 0.7 12
91 Uganda 195 40.5 13 86 Ghana 676 19.9 13 97 Zimbabwe 935 0.9 13

Uganda: Evolution of the global and regional rank at SCOPUS

Source: www.Scimagojr.com (2021)



Uganda: scientific 
articles against 
field of science
in SCOPUS
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Uganda (2018): Impact of scientific articles against field of science
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Technological gap according to the type of innovation and 
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Evolution of the number of patents and trademarks in Uganda

Source:  Prepared by Lemarchand (2021) based on raw data historical statistics of WIPO
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Measuring innovation through “innovation surveys”
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Last run
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