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Chapte rr  VI 

Cann Scienc e and Technolog y Capacit y be Measured ? 

WeWe found interest in the work in Brazil, and the fact that we established afield 

experimentexperiment in Latin America kept the collaboration going. It was a lot of work to put the 

instrumentsinstruments there and to get the experiment running. Of course, the fact that we had 

studentsstudents there whom we felt close to—the Brazilian PhD. students—we had to care for 

them.them. We got quite some money to do the work and of course we had the obligation to 

makemake it a success. Personally it was an interesting and important experience to contact 

withwith the local people. We lived therefor some time and had to arrange everything with 

locallocal people to make it work. It did. 

W.. Wilke, a soil scientist interviewed for the project 
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Abstract t 

Thiss article discusses the components of science and technology capacity and then 

presentss an index (STCI-02) for 76 countries, and related data on up to 150 countries, 

forr the year 2002. The choice of indicators is discussed and data is presented. The 

indexx enables a comparison of the capacities of countries to conduct scientific and 

technicall  research. Statistical measures are created to group countries with similar 

setss of capacities. This article updates and improves upon an earlier index published 

byy The RAND Corporation. The STCI-02 can be considered complementary to other 

indicess such as the Technology Achievement Index and the ArCo Index which focus 

onn the outputs of technology and performance. 

Keywords:: Science and technology capacity; index: development; innovation. 

JEL:: C43,030,057 

1.. Introductio n 

Thee ability of a nation to participate in the global knowledge economy [1] and in 

internationall  collaboration in science and technology depends to some extent on its 

capabilitiess in science and technology. [2] In an effort to assess and compare the 

capabilitiess of different countries in science and technology, this article presents a 

classificationn scheme to measure science and technology capacity. This article 

updatess the RAND Corporation's 2000 index with more recent data and expands the 

numberr of countries that have full data coverage from 66 to 76. [3] The resulting 

productt is called the Science & Technology Capacity Index-2002 (STCI-02). 

Sciencee and technology capacity is defined for the purpose of this exercise as the 

abilityy of a country to absorb and retain specialized knowledge and to exploit it to 

conductt research, meet needs and develop efficient products and processes. The 

abilityy to use specialized knowledge emerges from the interactions of institutions and 

people,, responds to public missions, and relies upon infrastructure. The institutions, 

regulatoryy functions and funding systems that give rise to science and technology 

systemss grow and change over time. Because these conditions can be represented by 

indicators,, we suggest that it may be possible to measure science and technology 
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capacityy from a broad perspective of overlapping indicators representing direct and 

indirectt measures. 

Whilee it is possible to list countries solely by the percentage of investment in research 

andd development (GERD), or by scientific papers or patents, which are direct 

measuress of the outcomes of S&T, many countries would not be represented in such a 

list.. This would not represent a measure of capacity, it would be a measure of 

outcomes.. Such a list would provide littl e insight into the ability of less developed 

countriess to conduct science and technology in the future, to join international 

collaborations,, or to use existing resources to build additional capacity. Yet these are 

thee countries that most want to join the international S&T community and who 

arguablyy could use S&T to solve local problems. Accordingly, an index can provide 

insightss that could not be gained by examining outputs alone. 

Thiss index is designed as input to policymaking and other decision-making processes. 

AA number of international institutions, such as the World Bank and the United 

Nations,, have policies and programs that include enhancing S&T capacity or 

otherwisee tapping capacity to encourage innovation: thus it is useful to have a 

measuree of capacity that considers the subject broadly. [4, 5] While S&T capacity has 

beenn shown to be positively correlated to economic growth, the extent to which the 

twoo are linked is not clear. [6] Many fields of science have littl e connection to 

economicc development, and many areas of economic growth do not rely on S&T. 

Moreover,, a review of economic history shows that, in many cases, technology-led 

growthh precedes the development of a national scientific system. [7,8] It may be that 

S&TT is a catalyst for development; one that emerges after a basic threshold of 

economicc development is crossed. [9] It is not clear where this threshold is (or even 

whetherr it could be measured), although in recent decades, countries such as Mexico, 

Brazil,, South Korea, and earlier, Japan, appear to have reached and crossed this 

threshold.. [10] 

S&TT capacity should not be seen as another measure of economic capacity. 

Historically,, economic infrastructure preceded or grew along with S&T, but the two 

cann be defined as separate systems. [11] Given that theory is weak about how S&T 

capacityy relates to economic growth, one approach is to conduct comparable 

assessmentss such as this one. As the UNTDO industrial development report notes, in 
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thee absence of theoretical parameters 'the best guide when addressing ... important 

questionss comes from the performance of other (comparable) economies." [12] 

Withinn the advanced countries, the infrastructure underlying S&T capacity is varied, 

broad,, and redundant. Science and technology are a means to an end and, while 

acknowledgedd as important, often are not the subjects of targeted policy. Within the 

Unitedd States, for example, one will not find a statement of national science policy 

norr is there a ministry of science. At this level, S&T emerges in two ways: 1) from 

fundingg specific government missions, such as meeting national energy needs, and 2) 

throughh funding a portfolio of S&T subjects whose share is determined through 

dialoguee from within the scientific and technical communities. The knowledge 

createdd is often useful for economic and other public goods applications. This 

observedd relationship between the infrastructure supporting knowledge creation and 

thee beneficial outcomes of its application means that S&T capacity is often considered 

aa national asset. 

Wee use "country" or "nation" as the defining unit of analysis in large part because this 

iss how data is collected and reported. The nation state provides a system of reference. 

[13]]  In addition, research and development funds are often allocated at the national 

level,, and mediated through nationally-based institutions. However, we suggest that 

knowledgee does not honor political borders, and that, even within specific countries, 

thee "knowledge border" may involve sub-regions as well as regions mat cross national 

borders.. [14] This would be the case within the North America, where some sub-

nationall  innovation systems are quite strong. It also includes the European Union 

wheree the S&T system is quite well integrated at the supra-national level. [IS] It can 

bee argued that a global knowledge system is emerging that is also changing the way 

thee national systems operate. [16] 

Sincee capacity cannot be measured directly, the index presented here uses data as 

indicatorss of capacity to assess the extent to which countries compare in infrastructure 

andd knowledge absorptive capabilities. It does not seek to measure the extent to which 

aa country is advancing frontiers of S&T knowledge, nor does it seek to measure the 

capacityy to produce scientific and technical products or innovative capacity. In 

addition,, the index only measures comparative international differences and cannot be 
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usedd to track the development of actual capacity of one nation through time. Some of 

thee features not covered in this index are measured by other groups. [17] 

Thee STCI examines the inputs to the process of developing and retaining scientific 

andd technological knowledge based upon the assumptions discussed above. A 

measuree of capacity does not mean that S&T is actually conducted, only that the 

conditionss for it are present. Thus, a country with little scientific output, such as 

Luxembourg,, would appear relatively high in the index because mat country has the 

capacityy for S&T, even if its economic system currently is not exploiting this 

potential.. By focusing on the input conditions underlying capacity, this index can be 

consideredd as complementary to other indicators such as the Technology 

Achievementt Index [18] and die ArCo Index [19] that focus on technological output-

showingg the results of S&T exploitation. 

Wee understand science as a way of knowing things about the physical world. It is a 

widelyy accepted, adoptable, and transferable set of assumptions about how to 

understandd the world in which we find ourselves. As scientific practices become 

standardized,, transferred, and imitated, the practice of science becomes a system of 

knowingg things often embedded in institutions. That system takes on a dynamic that 

transcendss and subsumes the practitioner, becoming parts of a discipline or field of 

sciencee mat has common procedures not tied to the location of the practitioner. While 

wee do not present the systems level in this paper, [20] we assume that mere is a 

systemm of science that allows comparison of like activities and capacities across 

countries. . 

Technologyy is a set of tools designed to manipulate the natural world and to extend 

humann intentions. Like science, technology can be a system of knowledge, and it also 

includess the added dimension of purposeful, interacting tools. Knowledge about 

technologyy is often tacit - it has to be experienced in order to be learned. [21] 

Knowledgee about the use of technology can also be proprietary, since the 

manipulationn of the natural world often creates marketable goods. Thus, it could be 

arguedd that the measures of scientific knowledge and of technological knowledge 

shouldd be different Nevertheless, this index combines the two because we view 

indicatorss as providing evidence of knowledge capacity and its ability to be used 

withinn a country to participate in the knowledge economy. 
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2.. Methodology: Choosing Indicators 

Thee STCI-02 uses data, defined as indicators, to measure the extent to which a 

countryy can absorb and use scientific and technological knowledge. In choosing the 

indicatorss for the STCI-02, we acknowledge that S&T capacity is a theoretical 

construct.. Its magnitude cannot be determined directly, let alone precisely. Creating 

ann index has to be approached using a number of proxy variables. Thus, the 

indicatorss chosen for the STCI-02 are based upon an assessment of the factors that 

enablee the absorption, retention, use, and creation of knowledge. As a result, some of 

thee measures overlap each other in terms of the features being assessed Similar to 

otherr published works that struggle with this problem [16] we judged that including as 

manyy reliable indicators as we could find would increase the usefulness of the final 

index. . 

Thee data have mostly been taken from published sources, such as the Human 

Developmentt Report. Had the data been collected directly, we could have adjusted 

thee definition and quality of the data to the needs of our exercise. However, since it is 

farr too expensive and time-consuming to collect me information on the eight 

indicatorss at the source in every country in the world, we have had to rely on the 

statisticall  publications of major international organisations. These are trusted sources 

off  information with a long record in the collection and harmonization of data. 

Withh these conditions in mind, eight quantitative indicators were selected. 

 Infrastructure to support economic and research activity measured by per capita 
grosss domestic product in purchasing power parity dollars from the U.N. 
Developmentt Project Human Development Report 2002 augmented with data 
fromm the CIA World Factbook 2001. This is an indirect indicator of the ease of 
workingg within a particular national system by serving as a proxy for 
informationn about roads, electricity, transportation, communications and so on. 

 Extent to which the nation is educating people at the tertiary level, represented 
byy the gross tertiary science enrolment ration from the U.N. Development 
Projectt Human Development Report 2002. This measure shows flows of people 
withinn the system and the extent to which the nation supports, values, and 
providess an educated workforce. 

 The number of scientists and engineers in R&D per million. This indicator is 
drawnn from the U.N. Development Project Human Development Report 2002. 
Thiss indicator is used as a measure of the ability of a population to use current 
andd relevant knowledge for problem solving, economic enhancement, and 
research. . 
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 The number of research institutions per million inhabitants from the World 
Bank'ss World Development Indicators. This indicator shows the extent to which 
nationally-basedd researchers have access to research centres. 

 Funds spent on research and development by public and private sources as a 
percentagee of gross domestic product, also from the Human Development Report 
2002.. This provides a measure of direct investment into scientific and technical 
activities. . 

 The "stock of embedded knowledge" is measured by patents and by science and 
technologyy journals articles per million inhabitants. The patent data is drawn 
fromfrom the U.S. Patent and Trademark Office, and the S&T journal data is drawn 
fromfrom the National Science Board's Science & Engineering Indicators. Both are 
inn indirect indicator of knowledge that has been developed within the nation and 
soo could conceivably be tapped for future use.22 

 Connectivity with the larger S&T world measured through the comparative share 
eachh country has of internationally co-authored papers for 2000. This measure 
wass created for this paper using data from the Institute for Scientific 
Information'ss Science Citation Index CD-Rom 2000 normalized by the size of a 
country'ss population. This measures the extent to which national researchers are 
workingg at the world-class level in S&T. 

Thee indicators were then divided into three distinct domains of S&T capacity, 

illustratedd in Figure 1: 

 Enabling factors that help create an environment conducive to the absorption, 
retention,, production and diffusion of knowledge, 

 Resources that can be devoted to S&T activities, which concerns the indicators 
thatt relate most directly to S&T capacity, 

 Embedded knowledge of science and technology and the extent to which 
researcherss are connected to the global scientific community. 

ENABLINGG FACTORS 
perr capita GDP 
tertiaryy science 

enrolment t 

RESOURCES S 
 member of scientist W}\ 

;; : and engineers; 
numberr of iBstttations 

R&DD expenditure 

EMBEDDEDD KNOWLEDGE 
patents s 

coauthh orsh ip index 
S&TT journal articles 

CAPACITY Y 

Figuree 1. Domains of S&T capacity 

Nott all of the factors are equally contributory. It is possible to find an example of a 

countryy that has connectivity, infrastructure, and institutions where research could be 

conducted,, but which does not have significant S&T capacity. However, it would be 

difficul tt to find an example of a country that has scientists and engineers, funds for 
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R&D,, and a stock of embedded knowledge that does not have the supporting features 

off  institutions, information flows, and infrastructure. 

Thuss it could be argued that some features are sufficient to support S&T, while other 

featuress are necessary to support it. The necessary features are 1) scientists and 

engineers,, 2) institutions for research, and 3) funds for research and development. 

Thesee three variables relate directly to S&T capacity. The other variables either 

measuree the boundary conditions or the environment for S&T, or reflect the results of 

itss application to scientific and technological production. In the index data, we weight 

thee necessary factors more heavily than the sufficient factors as a way to account for 

thee different inputs. 

2.11 Constructing the Index 

Thee STCI-02 is constructed in a number of steps illustrated in Figure 2. This involved 

definingg the purpose, described above. Secondly, we selected the variables, also 

describedd above. Then the process involved combining the individual indicators into 

aa single index by converting them to a common format, checking their correlation and 

consistency,consistency, weighting them into an aggregate number and testing different weighting 

schemes.. Following this, the process focused on checking related but different 

variabless to see if the outcome matches alternative evidence. Sensitivity analysis was 

applied.. Then, data was cross-checked and analyzed. 

Ass the STCI was constructed, we kept in mind that transparency is very important to 

thee usefulness of the index. The data and analysis presented here are done in a way 

thatt allows other researchers to apply the same index to other situations and to revise 

thee index with new information, adding or omitting variables to the extent that is 

desirable.. The data tables are included here to provide full information to others who 

havee similar data needs. 
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FIGUREE 2. Steps in constructing the index 

define e 

PUT"»*8 8 

t t 
logical l 

selection n 

2.11 Coverage and comprehensiveness 

Findingg a balance between coverage (number of countries, regions or other units 

includedd in the analysis) and comprehensiveness (the variety of issues and dimension 

off  science and technology) is perhaps the most challenging part of the task of creating 
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ann S&T capacity index. Obviously, no index can cover the entire range of dimensions 

relatedd to a subject area. It is therefore advisable to sharply focus the index, that is, to 

definee its purpose and to outline what it does and does not measure. Coverage is 

intimatelyy related to comprehensiveness: the more detailed the data will have to be, 

thee fewer countries, regions, or social groups can be included. This is especially true 

off  many developing countries where fewer data are collected and statistical 

informationn is often less reliable. [23] 

AA wide international comparison of a range of variables inevitably leads to problems 

regardingg data availability. We sought to construct the index so we could include as 

manyy countries as possible, but the final list does not cover the entire world. 

Findingg the balance between coverage and comprehensiveness entails three options: 

1.. using fewer variables with a wider geographic coverage, 

2.. reducing the sample of countries for the full index, including only those for 
whichh there is sufficient information. 

3.. devising statistical methods to preserve both the entire sample of countries and 
thee entire set of variables. 

Wee have chosen the second option. Coir assessment is that we would sacrifice more 

byy eliminating variables than we would gain in breadth of coverage. This choice may 

introducee a bias in the STCI-02 towards the highly developed countries. On the other 

hand,, as data becomes thinner, we assume that the chances of missing comparative 

S&TT capacity also diminish. This is suggested in Table 1, where the data coverage is 

shown.. The data for the 76 countries in the index represents more than 80 percent of 

thee world's population. 

Internationall  statistical publications yielded a list of 215 countries, dependent and 

independent.. We excluded 31 dependencies and small island nations for which data 

weree extremely scarce. They include such countries as Tuvalu, Tonga and other 

Pacificc island nations, Andorra and San Marino. The data coverage of the remaining 

1S33 countries is shown in Table 1. 24 
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Numberr  of 
indicatorss covered 

Numberr  of 
countries s 

Averagee per 
capitaa GDP ($) 

Sharee in world 
population n 

Sharee in world 
GDP P 

8 8 

76 6 

8,329 9 

82.4 4 

92.7 7 

7 7 

19 9 

5,094 4 

3.3 3 

2.2 2 

6 6 

25 5 

1,763 3 

8.7 7 

2.1 1 

5 5 

22 2 

3.006 6 

3.7 7 

1.5 5 

4 4 

4 4 

13,23 3 
6 6 

0.5 5 

0.9 9 

3 3 

5 5 

1,748 8 

0.5 5 

0.1 1 

2 2 

31 1 

3,386 6 

0.9 9 

0.4 4 

1 1 

1 1 

a) ) 

a) ) 

a) ) 

**}} No data on East Timor. 

TableTable 1. Data coverage of the STCI-02 

Wee tested the STCI-02 for a potential bias by constructing Lorenz curves of the 

incomee distribution of the countries in our sample and all 211 countries and 

dependenciess in the world. The analysis showed that the distribution is almost 

identical,, although our sample has a higher average per capita GDP. There is 

consequentlyy a slight bias, but it does not affect the validity or representativeness of 

thee Index. 

2.22 Conversion to a common format 

Too be usable, indicators need to be comparable. For example, in financial indices, the 

valuess expressed are in the same currency (e.g., dollars). In order to have comparable 

values,, then it is necessary to transform the percentages, values, ratios and other units 

too a common format. (For example, the Human Development Index (HDI) of the UN 

Developmentt Program converts its data on per capita GDP, life expectancy, and 

educationn to indices with a value between 0 and 1 before aggregating them into the 

HDLL [25]) Since the variables included in the S&T Capacity Index are all expressed 

inn different values, we converted the absolute values into distances from an 

internationall  average. The distance of the national score for a particular variable from 

thee international average is expressed as a percentage of the standard deviation (the 

averagee of these distances). The formula for the conversion is shown in Equation 1. 
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X : ;;  — X j 
-yy  _ U J_ 

y y 

EquationEquation 1. Formula for data conversion 

where: : 
Yijj  is the converted value of indicator j for country i 
Xijj  is the value of indicator j for country i 
Xjj  is the international average of indicator j across the dataset 
qjj  is the standard deviation across the dataset of indicator j . 

Thee standard deviation and the international average serve as benchmarks in the 

comparisonn of the S&T capacity of countries. Since the ranking is entirely relative— 

thee addition of a single country changes the scores of all countries—S&T capacity is 

nott measured in absolute terms. Thus, it is difficult to judge the STCI-02 value of a 

specificc country. In order to do this, it is necessary to put a score into the 

internationall  context. The international average and the margins defined by the 

standardd deviation are used to classify the countries in the ranking as is shown in 

Figuree 2. 

>1 1 

1 1 

PROFICIENT T 

0 0 

DEVELOPIN G G 

-1 1 

<-l l 

ADVANCED D 

^^ A A A W 
i i 

( ( 

1 1 

)) international average 

ff A A A

LAGGIN G G 

FigureFigure 2. Standard deviation used to rank countries 
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22 J The STCI  formula 

W W Xyy - X j 
W; ; 

STjj  = 
W W 

EquationEquation 2. Determining the international average 

3.. The Science and Technology Capacity Index 

Thee STCI index presents a full analysis of data for 76 countries. (This improves upon 

thee STCI-00, which had complete data for 66 countries.) Tables 2 through 4 and 

Figuress 3-6 show the positions of different countries on the index relative to one 

another.. Table 3 provides the base rankings of the 76 countries when all indicators 

aree considered, weighted, and counted together. 
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TableTable 2. A ranking of 76 countries by weighted average STCI 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 

A.. ADVANCED COUNTRIES 
Unitedd States 
Canada a 
Sweden n 
Finland d 
Switzerland d 
Japan n 
Germany y 
Israel l 
Australia a 
Denmark k 
Unitedd Kingdom 
Norway y 
France e 
Netherlands s 
Belgium m 
Austria a 

3.190 0 
2.752 2 
2.346 6 
2.307 7 
1.955 5 
1.801 1 
1.756 6 
1.729 9 
1.662 2 
1.528 8 
1.495 5 
1.360 0 
1.298 8 
1.215 5 
1.142 2 
1.040 0 

B.. PROFICIENT COUNTRIES 
17 7 
18 8 
19 9 
20 0 
21 1 
22 2 
23 3 
24 4 
25 5 
26 6 
27 7 

Singapore e 
Korea,, Rep 
Neww Zealand 
Ireland d 
Russiann Federation 
Slovenia a 
Italy y 
Spain n 
Estonia a 
Greece e 
Czechh Republic 

0.941 1 
0.903 3 
0.763 3 
0.626 6 
0.536 6 
0.427 7 
0.370 0 
0.344 4 
0.124 4 
0.080 0 
0.040 0 

C.. DEVELOPING COUNTRIES 
28 8 
29 9 
30 0 
31 1 
32 2 
33 3 
34 4 
35 5 
36 6 
37 7 

Belarus s 
Portugal l 
Slovakk Republic 
Hungary y 
Croatia a 
Lithuani a a 
Poland d 
Bulgaria a 
Cuba a 
Jordan n 

TableTable 2. Rankings of 76 

-0.031 1 
-0,039 9 
-0.060 0 
-0.107 7 
-0.205 5 
-0.226 6 
-0.248 8 
-0.295 5 
-0.337 7 
-0.358 8 

countriescountries b y i i 

38 8 
39 9 
40 0 
41 1 
42 2 
43 3 
44 4 
45 5 
46 6 
47 7 
48 8 
49 9 
50 0 
51 1 
52 2 
53 3 
54 4 
55 5 
56 6 
57 7 
58 8 
59 9 
60 0 
61 1 
62 2 
63 3 
64 4 
65 5 
66 6 
67 7 

Argentina a 
Latvia a 
Azerbaijan n 
Chile e 
Macedonia a 
Romania a 
Southh Afric a 
Kazakhstan n 
Moldova a 
China a 
Kuwait t 
Costaa Rica 
Brazil l 
ban n 
Turkey y 
Mexico o 
Armenia a 
India a 
Mauritiu s s 
Malaysia a 
Bolivia a 
Tunisia a 
Peru u 
Bangladesh h 
Pakistan n 
Uganda a 
Thailand d 
Philippines s 
Egypt,, Arab Rep. 
Ecuador r 

-0.400 0 
-0.414 4 
-0.445 5 
-0.450 0 
-0.499 9 
-0.531 1 
-0.538 8 
-0.580 0 
-0.598 8 
-0.690 0 
-0.690 0 
-0.732 2 
-0.734 4 
-0.748 8 
-0.765 5 
-0.765 5 
-0.778 8 
-0.791 1 
-0.801 1 
-0.853 3 
-0.872 2 
-0.877 7 
-0.893 3 
-0.911 1 
-0.937 7 
-0.949 9 
-0.950 0 
-0.950 0 
-0.954 4 
-0.972 2 

D.. LAGGIN G COUNTRIES 
68 8 
69 9 
70 0 
71 1 
72 2 
73 3 
74 4 
75 5 
76 6 

Syriann Arab Republic 
Senegal l 
Nicaragua a 
Indonesia a 
Srii  Lanka 
Togo o 
Centrall  African Republic 
Nigeria a 
Burkin aa Faso 

-1.014 4 
-1.033 3 
-1.036 6 
-1.054 4 
-1.065 5 
-1.072 2 
-1.150 0 
-1.158 8 
-1.176 6 

weightedweighted average in the STCI 

Tablee 3 provides comparative rankings within the STCI-02 when factors are weighted 

differently.. Some rearrangement of the list of countries relative to one another can be 

seen. . 
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TableTable 3. A ranking of 76 countries in the three domains of of the STCI 

1.. ENABLIN G FACTORS 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

t l l 

12 2 

13 3 

14 4 

15 5 

16 6 

17 7 

18 8 

19 9 

20 0 

21 1 

22 22 

23 3 

24 4 

25 5 

26 6 

Finland d 

Australia a 

Singapore e 

Unitedd Stiles 

Korea.. Rep 

Canada a 

Ireland d 

Belgium m 

Sweden n 

Austria a 

Germany y 

Norway y 

Untiedd Kingdom 

Switzerland d 

Ital y y 

France e 

Spain n 

Denmark k 

Greece e 

Jordan n 

Japan n 

Netherlands s 

Neww Zealand 

Russiann Federation 

Israel l 

Portugal l 

2.. RESOURCES 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13 3 

14 4 

15 5 

16 6 

17 7 

18 8 

19 9 

20 0 

21 1 

22 2 

23 3 

24 4 

25 5 

26 6 

Canada a 

Unitedd States 

Sweden n 

Finland d 

Israel l 

Japan n 

Switzerland d 

Denmark k 

Norway y 

Australi a a 

Germany y 

France e 

Netherlands s 

Austria a 

Belgium m 

Korea,, Rep 

Unitedd Kingdom 

Neww Zealand 

Slovenia a 

Singapore e 

Russiann Federation 

Ireland d 

Estonia a 

Czechh Republic 

Belarus s 

Slovakk Republic 

3. . 
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2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13 3 

14 4 

15 5 

16 6 

17 7 

18 8 

19 9 

20 0 

21 1 

22 2 

23 3 

24 4 

25 5 

26 6 

EMBEDDEDD KNOWLEDG E 

Unitedd States 

Switzerland d 

Germany y 

Unitedd Kingdom 

Sweden n 

Israel l 

Japan n 

Canada a 

France e 

Netherlands s 

Finland d 

Denmark k 

Belgium m 

Australia a 

Norway y 

Austria a 

Neww Zealand 

Italy y 

Spain n 

Russiann Federation 

Singapore e 

Ireland d 

Korea.. Rep 

Poland d 

Senegal l 

Slovenia a 

TableTable 3. Rankings of 76 countries in the three domains of the STCI 
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externall  patenting activity 

•• R&D as a % of GDP 
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FigureFigure 3. The STCI score of advanced countries showing contributions of individual 

indicators indicators 
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FigureFigure 4. The STCI score of proficient countries showing contributions of individual 

indicators indicators 
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externall  patenting activity 

•• R&D as a % of GDP 

SS number of institutions 

ü:: number of scientist and engineers 

%% gross ternary science enrolment 

perr capita GDP in PPP$ 

FigureFigure 5. The STCI score of developing countries showing contributions of individual 

indicators indicators 
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FigureFigure 6. The STCI score of lagging countries showing contributions of individual 

indicators indicators 

Inn order to further refine the classification scheme, a statistical cluster analysis was 

conductedd [26] The result is presented in Figure 7. It shows an interesting set of four 

advancedd clusters on the right, closely grouped together. A Canada-U.S. cluster joins 

withh three other clusters that are mainly European countries, together with Japan and 

Israel.. The other countries of the world are distantly related to this cluster through 

onee large cluster of lagging and developing countries, and proficient countries. [27] 
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Burkin aa Faso (-1.176) 
Nigeriaa (-1.158) 
Centrall  African Republic (-1.150) 
Togoo (-1.072) 
Srii  Lanka (-1065) 
Indonesiaa (-1.054) 
Nicaraguaa (-1.036) 
Senegall  (-1.033) 
Syriann Arab Republic (-1.014) 
Ecuadorr  (-0.972) 
Egyptt  Arab Rep. (-0.954) 
Philippiness (-0.950) 
Thailandd (-0.950) 
Ugandaa (-0.949) 
Pakistann (-0.937) 
Peruu (-0 893) 
Tunisiaa (-0.877) 
Boliviaa (-0.872) 
Malaysiaa (-0.853) 
Mauritiu ss (-0 801) 
Indiaa (-0.791) 
Mexicoo (-0 765) 
Turkeyy (-0.765) 
bann (-0.748) 
Brai ll  (-0.734) 
Costaa Rica (-0.732) 
Kuwaitt  (-0.690) 
Chinaa (-0.690) 
Soathh Africa (-0 538) 

Portugall  (-0.039) 
Greecee (0.080) 
Spainn (0.344) 
Italyy (0.370) 
Sloveniaa (0.427) 
Russiann Federation (0.536) 
Irelandd (0.626) 
Neww Zealand (0.763) 
Korea.. Rep (0.903) 
Singaporee (0.941) 

Bangladeshh (-0.911) 
Armeniaa (-0.778) 
Moldovaa (-0.598) 
Kazakhstann (-0.580) 
Romaniaa (-0.531) 
Macedoniaa (-0.499) 
Chilee (-0.450) 
Azerbaijann (-0.445) 
Latviaa (-0.414) 
Argentinaa (-0.400) 
Jordann (-0.358) 
Cubaa (-0.337) 
Bulgariaa (-0.295) 
Polandd (-0.248) 
Lithuani aa (-0.226) 
Croatiaa (-0.205) 
Hungaryy (-0.107) 
Slovakk Republic (-0.060) 
Belaruss (-0.031) 
Czechh Republic (0.040) 
Estoniaa (0.124) 

Canadaa (2.752) 
Unitedd States (3 190) 

Francee (1.298) 
Unitedd Kingdom (1.495) 
Germanyy (1.756) 

Israell  (1729) 
Japann (1.801) 
Switzerlandd (1.955) 
Swedenn (2.346) 

Austriaa (1.040) 
Belgium(1.142) ) 
Netherlandss (1.215) 
Norwayy (1.360) 
Denmarkk (1.528) 
Australiaa (1.662) 
Finlandd (Z307) 

FigureFigure 7. Cluster analysis of the relationships of 76 countries in the STCI-02 

4.4. Testing the data and its significance 

Wee conducted three tests to determine the internal consistency and significance of the 

data.. Each indicator has to have the same type of influence on the composite result 

Forr example, if the value of one indicator can range from -1 to +1 while the value of 

anotherr indicator ranges from 0 to +1, then the index is not internally consistent since 



thee latter indicator can never have a negative influence. Another example of 

inconsistencyy is the combination of an indicator that makes a positive contribution to 

thee composite index when its value increases with one that makes a positive 

contributionn when it declines. Finally, different component variables can be 

substitutess or complementarities. For example, if two indicators are very closely 

connectedd you may actually be double-counting an effect (R close to 1) or inversely 

measuringg it (R close to -1) in which case two indicators cancel each other out 

Threee tests help determine the internal consistency of the index. 

1.. An analysis of the distribution of values around the mean shows the 
degreee to which the aggregate is sensitive to variations in each variable. 
Thee distribution around the mean can be different for the component 
variabless and it is important to know how this will affect the composite 
index. . 

2.. The second test involved calculating the correlations between the 
componentcomponent variables in order to discover substitutes and 
complementarities. . 

3.. The third test related to consistency through time. The volatility and 
growthh rates of each component can vary considerably. If one component 
hass a structurally higher average annual growth or stronger annual 
fluctuations,, then over time and at any given moment its impact on the 
compositee index can be more substantial and change more significantly 
thann that of other indicators. Does the method of construction take this into 
account? ? 

Ass the indicators move from enabling factors towards embedded knowledge, the 

distributionn around the mean becomes more skewed. Figures 8 and 9 show that 

enrolmentt and per capita GDP are spread fairly evenly across countries, although the 

normall  distribution clearly tapers off towards the upper end of the scale. Resources 

aree distributed somewhat more unevenly, which is especially true for the number of 

institutions.. Output is particularly skewed as a large number of countries scores at or 

nearr zero. The distortion in the distribution of output indicators may be an artefact of 

thee data. The three output indicators have a clear international bias and thus measure 

participationn in global S&T creation and diffusion (part of the process of 

globalization)) rather than national capacities. 
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OO 5000 10000 15000 20000 25000 30000 35000 

perr capita GDP (USS) 

FigureFigure 8. Testing data significance with GDP 

00 5 10 15 20 25 30 

grosss tertiary science enrolment ratio (%) 

FigureFigure 9. Testing data significance with gross tertiary science enrolment 

Thee indicators have more or less the same range of values (see Table 4). The original 

valuess were all positive and after conversion they range from about —2 to +6. The 
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outlierss are mainly found in the upper ranges and especially in the number of 

institutions,, the co-authorship index, and the number of patents. 

TableTable 4. A statistical description of the indicators 

Enablingg factors 

grosss tertiary science enrolment ratio 

perr capita GDP 

Resources s 

scientificc engineers per million 

inhabitants s 

institutionss per million inhabitants 

R&DD expenditure as a percentage of 

GDP P 

Production n 

Coautborsbipp Index 

patentss per million inhabitants 

S&TT journal articles 

meann median 

9.666 9.75 

13,1933 9,409 

1,3333 1,170 

7.577 2.53 

.988 .70 

4377 167 

31.166 1.34 

218.188 92.70 

standard d 

deviation n 

6.38 8 

9,648 8 

1,258 8 

13.80 0 

.92 2 

652 2 

56.36 6 

273.19 9 

skewness s 

.721 1 

.470 0 

.871 1 

4.170 0 

1.314 4 

2.550 0 

2.215 5 

1.269 9 

minii  ilium 

.20 0 

896 6 

2 2 

.21 1 

.00 0 

2 2 

.00 0 

.55 5 

maximum m 

27.40 0 

34,142 2 

4,960 0 

91.75 5 

3.80 0 

3,220 0 

343.61 1 

954.92 2 

TableTable 4. A statistical description of the indicators 

Thee correlations between the component variables show that all indicators are 

positivelyy related No two indicators cancel each other out. This implies that the 

selectedd indicators are complementary. In addition, most of the coefficients are 

significantt at a 1 percent level. The strongest correlations were found between GDP, 

scientistss and engineers, R&D expenditure, the number of articles, and the number of 

patents.. There is consequently the possibility mat some effects are measured twice 

(forr example, patented innovations presented in articles, R&D funds spent on scientist 

andd engineers, or the growth effects of R&D expenditure). 

Thee S&T Capacity Index is internally consistent. Its composite value is not sensitive 

too the absolute value of its components, either in its relative form (equation 3) or 

expressedd in HDI scores (equation 4). All components can range between negative 

andd positive values. They all contribute to the aggregate in the same (positive) manner 

ass is reflected in correlation coefficients. The extent of the contribution of the 

indicatorss to the composite index is determined not by their absolute or converted 

valuess but by the weights assigned to each component 
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5.. Weighting and sensitivity analysis 

Whenn the indicators have been properly selected, their values have been converted to 

aa common format, and the internal consistency of the index has been checked, the 

compositee index can be calculated If the components are expressed in a common unit 

(e.g.. dollars or numbers of people), there is no need for weighting. However, the 

componentss are usually not comparable and even after they have been converted to a 

commonn denominator they cannot simply be added up or averaged The indicators 

havee to be weighted into a composite index without knowing the magnitude of their 

contributionn to the aggregate value. 

Alll  weighting schemes mat are not derived from statistical analysis are essentially 

arbitrary.. Even when all weights are set to 1, it is still a manner of weighting. There 

aree three methods of weighting incomparable indicators: 

•• no weights at all (all weights are 1), 

•• arbitrary weights chosen analytically with a sensitivity analysis to show the 
effectt of different sets of weights on the aggregate index (using different sets to 
definee a range within which the index is robust), 

•• factor analysis to statistically derive the weights. 

Sensitivityy analysis consists primarily of testing the impact of different weighting 

schemes.. Yet it comprises more than experimenting with weights. What is the effect 

off including or excluding specific components or of changes in the coverage of the 

indexx (different countries, regions, population groups, et ceterdfi Sometimes 

individuall entries (e.g. countries) are excluded on account of the extreme values that 

theirr data yield This happens most often with small countries, such as Luxembourg. 

Yet,, even though outlying values can have a significant effect on a composite index, 

theyy should not be dismissed out of hand 

Wee have tested a number of different weighting schemes. Weights were assigned to 

eachh of the three distinct domains of S&T capacity, namely enabling factors, 

resources,, and production. Within each domain the indicators were not weighted In 

everyy weighting scheme resources were given the highest weight, since mis domain 

mostt closely measures capacity. The four weighting schemes that were tested are 

presentedd in Table 5. 
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TableTable 5. Weighting schemes for 
Index Index 

enablingg factors resources 

11 1 1 
22 1 2 
33 1 3 
44 1 4 

the the S&TS&T Capacity 

embedded d 
knowledge e 

1 1 
1 1 
2 2 
2 2 

TableTable 5. Weighting schemes for the STCI-02 

Forr each weighting scheme the composite S&T Capacity Index was constructed in 

twoo versions: one using the difference from the international average to derive relative 

rankingss (equation 2) and one using the Human Development Index's [15] method to 

obtainn absolute scores (equation 3). 

w ^^  X - X

ST;;  = __ J=I 
YY _ Y 

VV ̂ max -^min J 

: : 

W W 

EquationEquation 3. Determining absolute scores 

where: : 
STii  is the S&T capacity index value for country i 
Xi jj  is the value of indicator j for country i 
Xjj  is the international average of indicator j across the dataset 
Xminn is the lower boundary assigned to indicator j 
Xmaxx is the upper boundary assigned to indicator j 
Wii  is the weight assigned to indicator j 
WW is the sum of all weights 

Inn the STCI-02 based on relative scores (equation 2) the choice of weighting scheme 

hass a direct and strong influence on the degree of international variation in S&T 

capacityy as measured by the index. The HDI method reduces all scores to a value 

betweenn 0 and 1 and consequently severely smooths out the influence of outliers. 

Figuress 10 and 11 show the result of the four weighting schemes in Table 5 on the 

internationall  distribution of index values. 
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Unitedd States 
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Czechh Republic-
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Slovakk Republic -
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China a 
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Turkey y 
Mexico o 
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Indiaa -
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Tunisia a 
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Uganda a 

Thailand d 
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FigureFigure 10. Influence of weighting scheme on distributions 
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FigureFigure 11. Influence of weighting scheme on distributions 

Thee domains of resources and production have a more skewed distribution across 

countriess than that of the enabling factors. By raising the weight of these two 
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domains,, international differences wil l become more pronounced with a bias towards 

thee countries that perform better and away from those that lag behind the rest. 

Thee enabling factors of S&T capacity are an indirect or contextual measure and the 

productionn indicators have a strong international bias. Therefore, it seems best to 

selectt the second weighting scheme in which the resources, the direct measures of 

S&TT capacity, receive twice the weight of the other domains. 

Whenn applying the methods used to construct the Human Development Index, an 

additionall  statistical hurdle has to be made. The HDI is highly sensitive to the upper 

andd lower margins that are put into the formula. These margins essentially delimit the 

valuess mat each indicator can attain. The lower margin was set to zero; the upper 

marginn shows the growth potential of each indicator. We have tested two sets of 

margins,, a narrow set and a wide set. [28] Table 6 shows that wider margins lower the 

STCII  scores, since the national score becomes a percentage of a larger number. The 

adjustmentt is not biased towards higher or lower levels of economic development and 

thee effect on the ranking is therefore negligible. 

TableTable 6.  6. 

Unitedd States 
Germany y 
Romania a 
Senegal l 

TheThe difference between narrow margins and wide margins 
whenwhen calculating the STCI with the HDI method 

narroww margins 

STCII  ranking 
.5766 1 
.4222 6 
.1077 45 
.0299 70 

wide e 

STCI I 
.450 0 
.348 8 
.083 3 
.025 5 

margins s 

ranking g 
1 1 
6 6 

45 5 
70 0 

impactt of 
wider r 

margins s 
-21.9 9 
-17.5 5 
-22.4 4 
-13.8 8 

TableTable 6. Wider margins lower the STCI score 

6.. Cross-checking the results 

Thee final step before the index is finished and can be used in analysis is an assessment 

off  the validity of the outcome. This involves first, checking the relationship between 

thee composite index and comparable indicators. If the index is meaningful, this test 

shouldd result in significant degrees of correlation. (For example, a composite index on 

technologicall  innovation wil l most likely have a high degree of correlation with per 

capitaa income.) 
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7.. Concluding remarks 

Thee article suggests that science and technology capacity is a set of interlocking 

features:: enabling factors, resources, and embedded knowledge, that serve to create 

thee capacity of a country to conduct S&T. An index of data related to these factors of 

sciencee and technology capacity was presented. The index updates an earlier effort by 

thee RAND Corporation, and it expands the earlier effort by including new data, and 

addingg governance as a factor. The resulting list of countries shows how one country 

mightt compare to another around the international mean. Factors that raise or lower a 

country'ss score can be derived from a view of the relationship of the indicators to the 

internationall  mean. The results provide an input to decision-making for those groups 

andd policymakers that are seeking to devise methods for enhancing S&T capacity and 

tappingg it to encourage economic growth. With this data, for example, policies and 

programss can be tied to the capacity of a country to use S&T for development. 

Forthcomingg research will reveal performance of countries in the index relative to the 

domainss of S&T capacity. This will analyse the index data to test whether countries 

aree showing diminishing returns, excess capacity, high productivity, or high 

efficiencyy in the use of S&T inputs. 
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[25]]  Ibid., UN HDR, see note 15. 
[26]]  This analysis was conducted in SPSS. 
[27]]  In a companion paper, we will present an analysis of the performance of 
countriess by domain, comparing within countries the preconditions, resources, and 
productionn of science to achieve an estimate of the productivity of S&T capacity. 
Contactt the corresponding author for more information. 
[28]]  The upper margins for the narrow set were ENROL 30, GDP 55.000, SCIENG 
6,000,, INSTrr lOO, RAND 5, COAUTH 3,500, PATENT 6OO, ARTICL 1,000. Those 
forr the wide set were ENROL 35, GDP 60,000, SCIENG 10,000, INSTTT 150, RAND 
5,, COAUTH 4,000, PATENT 750, ARTICL 1,500. 
[29]]  Some of the comments by Francisco Sagasti and his colleagues about the first 
RANDD index are contained in a formcoming publication: "The Sisyphus Challenge," 
too be published by Edward Elgar in spring 2004. 
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