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The Global Talent Competitiveness index (GTCi) attempts 
to summarise complex and interrelated concepts relevant 
to human capital and talent competitiveness at the 
national scale in 109 countries worldwide. in so doing, it 
raises some conceptual and practical challenges, which 
are discussed in the GTCI 2015–16 report. herein, the 
focus is on the practical challenges related to the data 
quality and the methodological choices on the grouping 
of 61 variables into 14 sub-pillars, six pillars, two sub-
indices and an overall index. GTCi 2015–16 has a very 
high statistical reliability (Cronbach’s alpha value at 
0.94). methodological changes related to the treatment 
of missing values, weighting and aggregation rule have a 
negligible impact on country ranks (less than ± 2 positions 
shift with respect to the simulated median in 90% of the 
countries). The added value of GTCi lies in its ability to 
summarise different aspects of talent competitiveness in a 

more efficient and parsimonious manner than is possible 
with the indicators and pillars taken separately. 

last year, the audit of the GTCi model conducted by 
the european Commission Joint Research Centre (JRC) 
concluded that the model was robust and reliable, with a 
statistically coherent and balanced multi-level structure. 
indications were provided of areas in which the quality and 
relevance of the model could be enhanced. The econometrics 
and applied statistics Unit at JRC in ispra, italy, has been 
invited for a third time by the GTCi development team to 
undertake an analysis of the statistical properties of the GTCi 
model, in order to ensure the transparency and reliability of 
the report and thus to enable policymakers to derive more 
accurate and meaningful conclusions, and potentially to 
guide choices on priority setting and policy formulation.
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as in the previous audits, the present JRC assessment 
of  GTCi 2015–16 focuses on two main issues: the statistical 
coherence of the structure, and the impact of key modelling 
assumptions on the GTCi scores and ranks.1 The JRC analysis 
complements the reported country rankings for GTCi, and for 
the input and output sub-indices with confidence intervals, 
in order to better appreciate the robustness of these ranks 
to the computation methodology (in particular missing data 
estimation, weights and aggregation formula). Furthermore, 
the JRC analysis includes an assessment of the added value 
of the GTCi, and a comparison to other global measures 
of competitiveness and innovation. its main conclusions 
can be summarised as follows: the version of the GTCi 
model presented in 2015 is coherent, balanced and robust, 
displaying strong associations between the underlying 
indicators and the GTCi sub-indices, pillars and sub-pillars, 
and hence offering a sound basis for policy interpretations. 
Further improvements can still be envisaged in order to 
enhance the model’s ability to identify critical talent-related 
issues in a variety of economic contexts.

The practical items addressed in this chapter relate 
to the statistical soundness of the GTCi, which should be 
considered to be a necessary, though not necessarily 
sufficient, condition for a sound index. Given that the 
present statistical analysis of  GTCi will mostly, though not 
exclusively, be based on correlations, the correspondence 
of the index with a real-world phenomenon needs to be 
critically addressed as “correlations need not necessarily 
represent the real influence of the individual indicators on the 
phenomenon being measured”.2 The point is that the validity 
of GTCi relies on the interplay between both statistical and 
conceptual soundness. in this respect, GTCi has been 
developed following an iterative process that went back and 
forth between the theoretical understanding of human capital 
and talent competitiveness on the one hand, and empirical 
observations on the other.

STATISTICAL COHERENCE IN THE GTCI FRAMEWORK

earlier versions of the GTCi model were assessed by JRC 
in July 2015. preliminary suggestions by JRC focused on 
dealing with variables with strong colinearity, reconsidering 
variables that behaved as noise in the overall framework 
and repositioning indicators on different (sub-) pillars. The 
JRC recommendations were taken into account in the final 
computation of the rankings by the GTCi development team 
through an iterative process, which aimed at setting the 
foundation for a balanced index.

The underlying concepts and framework used to 
describe global talent competitiveness in GTCi 2015–16 
have remained essentially the same when compared to 
GTCi 2014. With regards to the changes experienced, they 
are related to the specific variables used to capture each 
underlying concept. some of these modifications have been 
the result of the discussions held between JRC and the 

GTCi development team preceding the construction of the 
final version of GTCi 2015–16. overall – and in spite of the 
addition of a new indicator (Tertiary education expenditure) – 
the number of variables used in the current model decreased 
from 65 variables in GTCi 2014 to 61 in GTCi 2015–16. 
With the aim of enhancing the statistical coherence of the 
index, those variables showing measurement problems, 
pointing in the opposite direction of the phenomenon being 
measured and adding noise to the framework, were excluded 
from this edition’s model (e.g., Fdi inflow and pay level 
of executives, both present in GTCi 2014). Furthermore, 
some highly correlated variables were combined to prevent 
double counting of information (e.g., using overall migrant 
stock instead of two separate variables measuring male and 
female adult migrants). Finally, some variables were moved 
from one pillar to another to improve the statistical coherence 
of the framework (e.g., international students was moved 
from Formal education to external openness). note that the 
reasons for keeping, excluding or repositioning variables are 
both conceptual and empirical, as well as being related to 
data quality issues. as such, the GTCi 2015–16 development 
team chose to retain some variables for conceptual reasons 
despite their high correlation (e.g., brain gain and brain drain 
were both kept in the external openness sub-pillar) or very 
low impact on the variation of the GTCi scores (see Table 2 
and relevant discussion below). also, of the variables that 
could fit statistically better in another pillar, many of them 
have been kept in their current position, based on analytical 
and practical considerations.

Following on the iterative process during which the 
index has been fine-tuned, the current assessment of the 
statistical coherence in this final version of GTCi 2015–16 
followed four steps:

Step 1: Relevance

Candidate indicators were selected for their relevance to 
a specific pillar, on the basis of the literature review, expert 
opinion, country coverage and timeliness. To represent a 
fair picture of country differences, indicators were scaled 
either at the source or by the GTCi development team as 
appropriate and where needed.

Step 2: Data checks

The most recently released data for each of the 61 
variables were used for each country. The cut-off year for 
considering older data as valid was changed from 2002 to 
2005, thus affecting country coverage figures. Countries 
were included in the GTCi final sample if two conditions were 
met: (i) data were available for at least 80% of the indicators 
at the index level (i.e., of all the 61 indicators); and (ii) data 
were available for at least 40% of indicators contained in 
each of the six sub-pillars. as a result, the GTCi 2015–16 
data set comprises 109 countries. also, data availability for 
any of the countries included in GTCi 2015–16 was found 



The Global TalenT CompeTiTiveness index 2015–16  \  113

CHAPTER 6

to be at least 80% at the input sub-index level and 59% at 
the output sub-index level. potentially problematic indicators 
with outliers that could bias the overall results were identified 
by the GTCi development team as those having absolute 
skewness greater than two and kurtosis greater than 3.5,3 

and were treated either by Winsorisation or by taking the 
natural logarithm (in case of more than five outliers). For 
variables with five outliers and above, log transformation is 
used (for more details, please refer to the Technical notes 
section in the appendices). These criteria follow the Wipo–
insead Global innovation index practice (formulated with 
JRC in 2011).

Step 3: Statistical coherence

i) Principal components analysis and reliability analysis

principal component analysis (pCa) was used to assess 
the extent to which the conceptual framework is confirmed 

by statistical approaches. pCa confirms the presence of a 
single statistical dimension (i.e., a single principal component 
with eigenvalue greater than 1.0) in half of the sub-pillars, 
which captures 61% (lifestyle) to 69% (employable skills) of 
the total variance in the underlying indicators.4 nevertheless, 
a more detailed analysis of the correlation structure within 
and across the six pillars confirms the expectation that the 
sub-pillars are more correlated to their own pillar than to any 
other, and all correlations within a pillar are positive, strong 
and similar (see Table 1). These results suggest that the 
conceptual grouping of sub-pillars into pillars is statistically 
confirmed and that the six pillars are statistically well-
balanced in the underlying sub-pillars. 

The six pillars also share a single statistical dimension 
that summarises 77% of the total variance, and the six 
loadings (correlation coefficients) are very similar to each 
other. The latter suggests that the six pillars contribute in a 
similar way to the variation of the GTCi scores, as envisaged 

Table 1: statistical coherence in GTCi: correlations between sub-pillars and pillars

source: saisana and domínguez-Torreiro, european Commission Joint Research Centre, 2015

 Enable Attract Grow Retain LV GK

1.1 Regulatory landscape 0.93 0.81 0.81 0.77 0.70 0.78

1.2 market landscape 0.91 0.71 0.85 0.80 0.70 0.87

1.3 business–labour landscape 0.81 0.58 0.53 0.51 0.40 0.46

2.1 external openness 0.73 0.85 0.62 0.57 0.35 0.57

2.2 internal openness 0.59 0.82 0.64 0.41 0.37 0.50

3.1 Formal education 0.66 0.47 0.86 0.72 0.70 0.81

3.2 lifelong learning 0.73 0.74 0.86 0.54 0.43 0.59

3.3 access to growth opportunities 0.77 0.79 0.87 0.64 0.43 0.71

4.1 sustainability 0.78 0.59 0.72 0.94 0.72 0.78

4.2 lifestyle 0.72 0.53 0.69 0.95 0.75 0.76

5.1 employable skills 0.55 0.35 0.53 0.70 0.94 0.63

5.2 labour productivity 0.67 0.42 0.56 0.61 0.72 0.57

6.1 higher skills and competencies 0.78 0.61 0.81 0.82 0.70 0.94

6.2 Talent impact 0.70 0.59 0.73 0.68 0.60 0.92
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overarching consideration made by the GTCi development 
team was that all variables should be important at all levels 
of aggregation. The results of our analysis appear in Table 
2. examining the importance measures of the 61 variables, 
we see that almost all variables are important at the various 
levels of aggregation. For example, country variations in 
1.1.1 Government effectiveness scores captures 87% of 
the variance in the respective sub-pillar scores (Regulatory 
landscape), 84% of the variance in the respective pillar 
scores (enable) and 87% both in the input sub-index and 
overall GTCi scores. similarly, country variations in 2.1.1 Fdi 
and technology transfer scores captures 43%, 28%, 26% 
and 22% of the variance in the scores of external openness, 
attract, input and GTCi overall index, respectively. in the 
2015 data set, there seem to be only six variables that have 
a very low impact (less than 10%) on the GTCi variance. 
These are: 1.3.1 ease of hiring, 2.2.5 Gender earnings gap, 
3.1.3 Tertiary education expenditure, 3.2.2 prevalence of 
training in firms, 4.1.2 Taxation and 5.2.3 mid-value exports. 
although conceptually enriching the overall GTCi framework, 
these variables are not found to be important at the overall 
index level. it is suggested that the GTCi development 
team reconsiders the inclusion of these variables (or their 
replacement by other variables) in next year’s release.

iii) Added value of the GTCI

a very high statistical reliability among the main 
components of an index can be the result of redundancy 
of information. This is not the case in GTCi. in fact, for 
more than 39% (up to 59%) of the 109 countries included 
in GTCi 2015–16, the overall GTCi ranking differs by 10 
positions or more from any of the six pillar rankings (see 
Table 3). For example, in the most extreme case, senegal 
ranks 99th in the overall GTCi, but climbs up to the 32nd 

position when only the ‘attract’ pillar is taken into account. 
This is a desired outcome, because it evidences the added 
value of the GTCi ranking, which helps to highlight other 
components of human capital and talent competitiveness 
that do not emerge directly by looking into the six pillars 
separately. at the same time, this result also points at the 
value of duly taking into account the individual pillars, sub-
pillars and variables on their own merit. by doing so, country-
specific strengths and bottlenecks in human capital and 
talent competitiveness can be identified and serve as an 
input for evidence-based policymaking.

by the GTCi development team, given that all six pillars are 
assigned equal weights. The reliability of the GTCi, measured 
by the Cronbach’s alpha value, is very high at 0.94, which is 
well above the 0.7 threshold for a reliable aggregate.5 

an important part of the analysis relates to clarifying the 
importance of the input and output sub-indices with respect 
to the variation of the GTCi scores. as mentioned above, 
the index is built as the simple arithmetic average of the 
four input sub-pillars and the two output sub-pillars, which 
implies that the input sub-index has a weight of 4/6 versus 
a weight of 2/6 for the output sub-index. Yet, this does not 
imply that the input aspect is more important than the output 
aspect in determining the variation of the GTCi scores. in 
fact, the correlation coefficient between the GTCi scores and 
the input or output sub-index is 0.98 and 0.94 respectively, 
which suggests that the sub-indices are effectively placed 
on equal footing. overall, the tests so far show that the 
grouping of indicators into sub-pillars, pillars and an overall 
index is statistically coherent, and that GTCi has a balanced 
structure, whereby all six pillars are equally important in 
determining the variation in the GTCi scores. For some of the 
sub-pillars, recommendations have been made to modify the 
underlying indicators in future versions of the index, so as to 
render it even sounder from both a conceptual and statistical 
point of view.

ii) Importance of the variables in the GTCI framework 

GTCi and its components are simple arithmetic averages 
of the underlying variables. developers and users of 
composite indicators often consider that the weights assigned 
to the variables coincide with the variables’ conceptual 
importance in the index. however, in practice, the correlation 
structure of the variables and the different variances do not 
always allow for the weights assigned to the variables to be 
considered as equivalent to the importance of the variables. 

in this section we assess the importance of all 61 
variables at the various levels of aggregation in the GTCi 
structure. as a statistical measure of the importance 
of variables in an index we use the squared pearson 
correlation coefficient.6  The importance of the selected 
variables is taken to be equivalent to the contribution of the 
variables to the variation of the aggregate scores, be those 
sub-pillars, pillars, sub-indices or the overall GTCi. The 
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Table 2: importance measures for the variables at the various levels of the GTCi structure

Sub-pillar Pillar Input/ 
Output

GTCI 
Index

1.1 Regulatory landscape

1.1.1 Government effectiveness 87% 84% 87% 87%

1.1.2 business–government relations 38% 41% 31% 22%

1.1.3 political stability 76% 60% 62% 59%

1.1.4 starting a foreign business 49% 27% 27% 36%

1.2 market landscape

1.2.1 Competition intensity 48% 42% 34% 33%

1.2.2 ease of doing business 71% 72% 67% 70%

1.2.3 Cluster development 53% 44% 40% 36%

1.2.4 R&d expenditure 73% 51% 48% 53%

1.2.5 iCT infrastructure 74% 61% 76% 82%

1.2.6 Technology utilisation 75% 68% 70% 65%

1.3 business–labour  
      landscape

1.3.1 ease of hiring 56% 22% 10% 9%

1.3.2 ease of redundancy 56% 25% 15% 12%

1.3.3 labour–employer cooperation 39% 45% 40% 32%

1.3.4 professional management 36% 65% 65% 57%

2.1 external openness

2.1.1 Fdi and technology transfer 43% 28% 26% 22%

2.1.2 prevalence of foreign ownership 47% 49% 39% 36%

2.1.3 migrant stock 57% 32% 36% 32%

2.1.4 international students 71% 52% 39% 33%

2.1.5 brain gain 76% 54% 39% 29%

2.1.6 brain drain 66% 51% 42% 32%

2.2 internal openness

2.2.1 Tolerance to minorities 64% 36% 13% 10%

2.2.2 Tolerance to immigrants 58% 34% 17% 13%

2.2.3 social mobility 35% 68% 66% 56%

2.2.4 Female graduates 17% 9% 12% 15%

2.2.5 Gender earnings gap 34% 12% 6% 6%

3.1 Formal education

3.1.1 vocational enrolment 49% 30% 21% 27%

3.1.2 Tertiary enrolment 65% 44% 40% 47%

3.1.3 Tertiary education expenditure 16% 16% 10% 9%

3.1.4 Reading, maths and science 69% 35% 32% 43%

3.1.5 University ranking 62% 56% 44% 45%
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Sub-pillar Pillar Input/ 
Output

GTCI 
Index

3.2 lifelong learning

3.2.1 Quality of management schools 54% 56% 53% 47%

3.2.2 Prevalence of training in firms 66% 26% 7% 4%

3.2.3 employee development 64% 56% 59% 52%

3.3 access to growth  
      opportunities

3.3.1 Use of virtual social networks 46% 45% 57% 58%

3.3.2 Use of virtual professional networks 75% 68% 66% 62%

3.3.3 delegation of authority 67% 63% 63% 56%

3.3.4 Freedom of voice 51% 24% 15% 10%

4.1 sustainability
4.1.1 pension system 86% 82% 62% 70%

4.1.2 Taxation 8% 3% 8% 5%

4.2 lifestyle

4.2.1 environmental performance 81% 82% 71% 77%

4.2.2 safety at night 29% 28% 26% 24%

4.2.3 physician density 61% 52% 34% 38%

4.2.4 sanitation 79% 71% 47% 51%

4.2.5 Flexible employment 35% 25% 22% 21%

5.1 employable skills

5.1.1 secondary-educated workforce 77% 56% 11% 19%

5.1.2 secondary-educated population 80% 67% 15% 26%

5.1.3 Technicians and associate professionals 65% 71% 59% 70%

5.2 labour productivity

5.2.1 labour productivity per employee 51% 39% 53% 71%

5.2.2 Relationship of pay to productivity 23% 14% 14% 15%

5.2.3 mid-value exports 40% 15% 8% 2%

6.1 higher skills and  
competencies

6.1.1 Tertiary-educated workforce 74% 66% 53% 52%

6.1.2 Tertiary-educated population 64% 56% 49% 45%

6.1.3 professionals 74% 65% 69% 68%

6.1.4 Researchers 82% 71% 65% 70%

6.1.5 Senior officials and managers 37% 32% 25% 22%

6.1.6 Quality of scientific institutions 66% 64% 55% 69%

6.1.7 Scientific journal articles 75% 64% 57% 57%

6.2 Talent impact

6.2.1 innovation output 72% 85% 76% 78%

6.2.2 high-value exports 41% 31% 28% 21%

6.2.3 new product entrepreneurial activity 30% 15% 13% 11%

6.2.4 new business density 46% 34% 23% 24%
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Notes: The values are the squared Pearson correlation coefficients.
source: saisana and domínguez-Torreiro, european Commission Joint Research Centre, 2015
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GTCI Input sub-index GTCI Output sub-index

shifts with respect to GTCi score enable attract Grow Retain
labour and 
vocational 

skills

Global  
Knowledge 

skills

more than 30 positions 4% 21% 6% 3% 11% 5%

20 to 29 positions 9% 20% 13% 9% 19% 11%

10 to 19 positions 27% 17% 25% 31% 28% 21%

5 to 9 positions 22% 18% 25% 24% 24% 29%

less than 5 positions 31% 17% 30% 27% 17% 26%

0 positions 7% 6% 2% 6% 0% 8%

Total 100% 100% 100% 100% 100% 100%

more than 10 39% 58% 43% 43% 59% 37%

CHAPTER 6

source: saisana and domínguez-Torreiro, european Commission Joint Research Centre, 2015

Table 3: distribution of differences between pillar and GTCi rankings

in addition we compared GTCi 2015–16 with both 
the World economic Forum’s (WeF) 2014–15 Global 
Competitiveness index5 and the 2015 Global innovation 
index.6 after having extracted data from both projects’ 
websites, we find that GTCi 2015–16 correlates 
substantially with both indices (correlation ≈ 0.9). GTCI has 
most in common with the insead 2015 Global innovation 
index. looking at the shifts in rankings (see Table 4), 
we nevertheless find that 41% and 25% out of the 109 
countries differ in ranking with more than 10 positions 
when comparing GTCi 2014 with respectively the WeF 
2014–15 Global Competitiveness index and the insead 
2015 Global innovation index. This indicates that  GTCi 
2015–16 clearly differs from these other indices. 

Step 4: Qualitative review 

Finally, the GTCi results, including overall country 
classifications and relative performances in terms of the 
input or output sub-indices were evaluated by the GTCi 
development team and external experts to verify that the 
overall results were, to a great extent, consistent with 
current evidence, existing research or prevailing theory. 

notwithstanding these statistical tests and the positive 
outcomes on the statistical soundness of GTCi, it is 
important to mention that the GTCi has to remain open for 

future improvements as better data, more comprehensive 
surveys and assessments, and new relevant research 
studies become available.

IMPACT OF MODELLING ASSUMPTIONS ON THE GTCI 
RESULTS

every country score on GTCi and its two sub-indices 
depends on modelling choices: six-pillar structure, 
selected indicators, imputation (or not) of missing data, 
normalisation, weights and aggregation method, among 
other elements. These choices are based on expert opinion 
(e.g., selection of indicators) or common practice (e.g., 
min-max normalisation in the [0, 100] range), driven by 
statistical analysis (e.g., treatment of outliers) or simplicity 
(e.g., no imputation of missing data). The robustness 
analysis is aimed at assessing the simultaneous and joint 
impact of these modelling choices on the rankings. The 
data are assumed to be error-free since potential outliers 
and eventual errors and typos were corrected during the 
computation phase. 

The robustness assessment of GTCi was based on 
a combination of a monte Carlo experiment7 and a multi-
modelling approach that dealt with three issues: pillar 
weights, missing data and the aggregation formula. This 
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Shifts with respect to the GTCI WEF 2014–15  
Global Competitiveness Index

2015  
Global Innovation Index

more than 30 positions 8% 1%

20 to 29 positions 11% 10%

10 to 19 positions 22% 14%

 5 to 9 positions 27% 35%

less than 5 positions 26% 37%

0 positions 7% 4%

Total 100% 100%

more than 10 41% 25%

CHAPTER 6

source: saisana and domínguez-Torreiro, european Commission Joint Research Centre, 2015

Table 4: distribution of differences between GTCi and other international rankings

in similar contexts, might encourage countries not to 
report low data values.9 To overcome this limitation, JRC 
estimated missing data using the expectation maximisation 
(em) algorithm.10

Regarding the aggregation formula, decision-theory 
practitioners have challenged the use of simple arithmetic 
averages because of their fully compensatory nature, in 
which a comparative high advantage on a few indicators 
can compensate for a comparative disadvantage on many 
indicators.11 despite the arithmetic averaging formula 
receiving statistical support for the development of GTCi, 
as already discussed in the previous section, the geometric 
average was considered instead,12 which is a partially 
compensatory approach that rewards countries with similar 
performance in all pillars, and motivates those countries 
with uneven performance to improve in those pillars in 
which they perform poorly, and not just in any pillar. 

Four models were tested based on the combination of 
no imputation versus em imputation, and arithmetic versus 
geometric average, combined with 1,000 simulations per 
model (random weights versus fixed weights), for a total of 
4,000 simulations for GTCi, and each of the two sub-indices 
(see Table 5 for a summary of the uncertainties considered 
in GTCi 2015–16).

type of assessment aims to respond to eventual criticism 
that the country scores associated with aggregate measures 
are generally not calculated under conditions of certainty, 
even though they are frequently presented as such.8 

The monte Carlo simulation related to the issue of 
weighting, and comprised 1,000 runs, each corresponding 
to a different set of weights for the six pillars, randomly 
sampled from uniform continuous distributions centred in the 
reference values. The choice of the range for the weights’ 
variation was driven by two opposite needs: ensure a wide 
enough interval to have meaningful robustness checks; and 
respect the rationale of GTCi that places equal importance 
on all six pillars. Given these considerations, limit values 
of uncertainty intervals for the pillar weights are: 15% to 
35% for the four input pillars for the calculation of the input 
sub-index; and 40% to 60% for the two output pillars for the 
calculation of the output sub-index (see Table 5). For the 
calculation of GTCi, the limit values of uncertainty intervals 
for all six pillar weights are: 12% to 20%. in all simulations, 
sampled weights are rescaled to unity sum. 

The GTCi development team, for transparency and 
replicability, opted not to estimate the missing data (only 
6.9% missing data in the data set of 109 countries × 61 
variables). The ‘no imputation’ choice, which is common 
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source: saisana and domínguez-Torreiro, european Commission Joint Research Centre, 2015

Table 5: Uncertainty analysis for GTCi 2015–16: weights, missing data and aggregation

I. Uncertainty in the treatment of missing values 

Reference: no estimation of missing data alternative: expectation maximisation (em)

ii. Uncertainty in the aggregation formula at pillar level

Reference: arithmetic average alternative: geometric average

iii. Uncertainty in the weights

pillar Reference value for the weight 
(within the sub-index)

distribution assigned for robust-
ness analysis (within the sub-

index)

inpUT

enable 0.25 U[0.15,0.35]

attract 0.25 U[0.15,0.35]

Grow 0.25 U[0.15,0.35]

Retain 0.25 U[0.15,0.35]

oUTpUT

labour and  
vocational skills 0.5 U[0.40,0.60]

Global Knowledge skills 0.5 U[0.40,0.60]

UNCERTAINTY ANALYSIS RESULTS

The main results of the robustness analysis are shown 
in Figure 1, with median ranks and 90% confidence intervals 
computed across the 4,000 monte Carlo simulations for  
GTCi and its two sub-indices. Countries are ordered from 
best to worst according to their reference rank (black line), 
the dot being the median rank. error bars represent, for 
each country, the 90% interval across all simulations. Table 
6 reports the published rankings and the 90% confidence 
intervals that account for uncertainties in the missing data 
estimation, the pillar weights, and the aggregation formula. 
all published country ranks lay within the simulated intervals, 
and these are narrow enough for most countries (less than 
10 positions) to allow for meaningful inferences to be drawn.

GTCi ranks are shown to be both representative of a 
plurality of scenarios and robust to changes in the imputation 
method, the pillar weights and the aggregation formula. 
if one considers the median rank across the simulated 
scenarios as being representative of these scenarios, then 
the fact that the GTCi rank is close to the median rank (less 
than two positions away) for 90% of the countries suggests 
that GTCi is a suitable summary measure. Furthermore, 
the narrow confidence intervals for the majority of the 
countries’ ranks (less than ±3 positions for more than two-
thirds of the countries) imply that the GTCi ranks are also, for 
most countries, robust to changes in the pillar weights, the 
imputation method and the aggregation formula. 
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Figure 1a: Robustness analysis (GTCI rank vs. median rank, 90% confidence intervals)

Median Rank

GTCI 2015 Rank

notes: The spearman rank correlation between the median rank and the GTCi 2015–16 rank is 0.999. median ranks and intervals are calculated over 4,000 
simulated scenarios combining random weights, imputation versus no imputation of missing values, and geometric versus arithmetic average at the pillar level.
source: saisana and domínguez-Torreiro, european Commission Joint Research Centre, 2015

Figure 1a: Robustness analysis (GTCi rank vs. median rank, 90% confidence intervals)

Results for the input and output sub-index are also 
robust and representative of the plurality of scenarios 
considered. The input rank is close to the median rank (less 
than two positions away) for 90% of the countries and the 
rank intervals are ±3 positions for 52% of the countries. 
similarly the output rank is close to the median rank (less 
than two positions away) for 83% of the countries, and the 
rank intervals are ±3 positions for 72% of the countries. 

overall, country ranks in GTCi and its two sub-indices 
are robust to changes in the pillar weights, the imputation 
method and the aggregation formula for the majority of the 
countries considered. For full transparency and information, 
Table 6 reports the GTCi country ranks (and those of the 
sub-indices) together with the simulated intervals (90% of the 
4,000 scenarios) in order to better appreciate the robustness 
of these ranks to the computation methodology.
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Figure 1b: Robustness analysis (Input rank vs. median rank, 90% confidence intervals)
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Figure 1c: Robustness analysis (Output rank vs. median rank, 90% confidence intervals)

notes: The spearman rank correlation between the median rank and the GTCi 2015–16 input rank is 0.999. median ranks and intervals are calculated over 4,000 
simulated scenarios combining random weights, imputation versus no imputation of missing values, and geometric versus arithmetic average at the pillar level.
source: saisana and domínguez-Torreiro, european Commission Joint Research Centre, 2015

notes: The spearman rank correlation between the median rank and the GTCi 2015–16 output rank is 0.997. median ranks and intervals are calculated over 4,000 
simulated scenarios combining random weights, imputation versus no imputation of missing values, and geometric versus arithmetic average at the pillar level.
source: saisana and domínguez-Torreiro, european Commission Joint Research Centre, 2015

Figure 1b: Robustness analysis (input rank vs. median rank, 90% confidence intervals)

Figure 1c: Robustness analysis (output rank vs. median rank, 90% confidence intervals)
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Table 6: Country ranks and 90% intervals for GTCi 2015–16 and its input/output sub-indices

Country
GTCI 2015–16 Input Sub-index Output Sub-index

Rank Interval Rank Interval Rank Interval

switzerland 1 [1, 1] 1 [1, 1] 3 [3, 3]

singapore 2 [2, 2] 2 [2, 3] 2 [2, 2]

luxembourg 3 [3, 5] 12 [7, 14] 1 [1, 1]

United states 4 [3, 5] 7 [5, 9] 5 [4, 6]

denmark 5 [3, 5] 4 [2, 6] 9 [6, 9]

sweden 6 [6, 7] 11 [9, 11] 7 [5, 8]

United Kingdom 7 [6, 8] 8 [5, 9] 13 [9, 17]

norway 8 [7, 9] 3 [3, 5] 20 [19, 21]

Canada 9 [9, 14] 5 [5, 12] 24 [23, 25]

Finland 10 [9, 12] 13 [11, 14] 12 [11, 14]

new Zealand 11 [8, 13] 9 [4, 12] 19 [16, 25]

netherlands 12 [9, 13] 10 [7, 12] 18 [16, 19]

australia 13 [10, 14] 6 [4, 9] 26 [23, 28]

Germany 14 [12, 15] 19 [16, 19] 8 [7, 12]

austria 15 [14, 16] 15 [15, 17] 15 [10, 20]

ireland 16 [14, 16] 14 [12, 14] 28 [26, 28]

iceland 17 [17, 19] 20 [17, 20] 22 [19, 23]

belgium 18 [17, 19] 16 [15, 19] 27 [26, 28]

Japan 19 [19, 20] 21 [19, 21] 17 [16, 17]

Czech Republic 20 [17, 20] 22 [22, 26] 4 [4, 8]

estonia 21 [20, 22] 23 [22, 26] 11 [9, 14]

France 22 [21, 22] 24 [22, 25] 16 [14, 16]

United arab emirates 23 [23, 33] 18 [16, 21] 47 [46, 50]

Qatar 24 [23, 32] 17 [15, 20] 53 [49, 55]

israel 25 [23, 25] 33 [29, 37] 10 [6, 11]

slovenia 26 [23, 27] 34 [32, 35] 14 [12, 15]

slovakia 27 [25, 30] 42 [39, 42] 6 [5, 17]

malta 28 [26, 31] 27 [27, 31] 32 [30, 38]

latvia 29 [25, 29] 35 [33, 36] 21 [19, 22]

malaysia 30 [26, 32] 29 [27, 31] 35 [32, 35]

hungary 31 [28, 33] 40 [36, 40] 23 [20, 28]

Cyprus 32 [30, 36] 32 [31, 35] 33 [30, 35]

portugal 33 [32, 38] 26 [23, 26] 51 [44, 52]

Chile 34 [33, 38] 31 [29, 32] 39 [38, 39]

lithuania 35 [32, 37] 38 [35, 40] 30 [29, 30]

spain 36 [33, 38] 28 [27, 30] 42 [40, 43]

south Korea 37 [31, 39] 43 [38, 46] 25 [22, 25]

poland 38 [34, 40] 41 [38, 43] 29 [29, 32]

barbados 39 [33, 42] 25 [22, 26] 63 [55, 63]

Costa Rica 40 [39, 41] 30 [27, 34] 48 [45, 50]

italy 41 [39, 42] 44 [40, 44] 31 [31, 33]

saudi arabia 42 [41, 45] 36 [35, 42] 45 [43, 52]

Croatia 43 [42, 44] 47 [45, 49] 36 [32, 37]

bulgaria 44 [42, 45] 46 [45, 52] 38 [35, 38]

montenegro 45 [42, 45] 49 [44, 50] 37 [35, 38]

macedonia 46 [46, 51] 48 [45, 52] 44 [42, 55]

Uruguay 47 [46, 52] 37 [34, 40] 70 [66, 71]

China 48 [46, 50] 52 [46, 53] 41 [40, 50]
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Country
GTCI 2015–16 Input Sub-index Output Sub-index

Rank Interval Rank Interval Rank Interval

Greece 49 [46, 50] 45 [44, 51] 52 [49, 54]

serbia 50 [48, 54] 70 [65, 74] 34 [32, 40]

Kuwait 51 [50, 63] 39 [37, 46] 82 [77, 83]

Romania 52 [49, 53] 59 [55, 60] 43 [40, 44]

Russia 53 [48, 55] 62 [56, 67] 40 [39, 42]

panama 54 [52, 56] 50 [45, 56] 60 [59, 64]

bosnia and herzegovina 55 [53, 72] 51 [48, 67] 61 [59, 75]

philippines 56 [52, 57] 55 [54, 59] 54 [48, 59]

south africa 57 [53, 58] 58 [54, 62] 55 [53, 55]

Kazakhstan 58 [53, 61] 53 [49, 60] 65 [61, 66]

Georgia 59 [58, 68] 63 [55, 78] 57 [54, 61]

mexico 60 [56, 65] 66 [63, 74] 56 [56, 59]

armenia 61 [57, 65] 72 [66, 81] 49 [46, 52]

Colombia 62 [58, 65] 54 [50, 57] 72 [69, 73]

Turkey 63 [57, 64] 65 [59, 74] 59 [56, 60]

moldova 64 [57, 67] 77 [72, 84] 46 [43, 47]

argentina 65 [63, 70] 61 [59, 68] 68 [65, 68]

Ukraine 66 [57, 69] 79 [73, 83] 50 [44, 52]

brazil 67 [64, 70] 57 [53, 59] 79 [74, 79]

botswana 68 [67, 74] 60 [54, 67] 76 [71, 86]

Thailand 69 [64, 72] 56 [51, 60] 81 [73, 81]

Jordan 70 [63, 71] 69 [61, 72] 66 [62, 67]

azerbaijan 71 [65, 74] 68 [63, 72] 67 [62, 77]

mongolia 72 [68, 72] 75 [65, 76] 64 [63, 68]

Tunisia 73 [68, 75] 86 [80, 87] 58 [57, 58]

peru 74 [73, 80] 74 [68, 83] 71 [70, 76]

Guatemala 75 [73, 78] 64 [60, 69] 88 [83, 88]

dominican Republic 76 [74, 77] 76 [72, 81] 73 [71, 74]

lebanon 77 [73, 78] 87 [75, 87] 62 [61, 70]

ecuador 78 [77, 81] 71 [64, 73] 89 [84, 89]

namibia 79 [77, 83] 81 [68, 89] 78 [76, 83]

Kyrgyzstan 80 [76, 84] 82 [79, 84] 75 [67, 91]

nicaragua 81 [80, 90] 83 [81, 89] 77 [75, 94]

vietnam 82 [77, 83] 85 [83, 86] 74 [70, 77]

sri lanka 83 [79, 84] 73 [69, 76] 94 [87, 94]

el salvador 84 [83, 89] 80 [76, 83] 87 [85, 99]

albania 85 [78, 88] 78 [75, 81] 93 [77, 96]

Kenya 86 [84, 88] 84 [76, 90] 90 [86, 91]

Rwanda 87 [84, 96] 67 [61, 74] 100 [100, 104]

egypt 88 [83, 91] 101 [91, 102] 69 [66, 69]

india 89 [84, 91] 94 [90, 96] 80 [77, 81]

indonesia 90 [87, 90] 90 [87, 90] 92 [87, 93]

paraguay 91 [88, 93] 88 [86, 93] 95 [91, 95]

lesotho 92 [90, 99] 96 [89, 101] 84 [82, 97]

morocco 93 [91, 96] 89 [86, 91] 99 [98, 99]

bolivia 94 [90, 96] 97 [94, 100] 86 [81, 88]

venezuela 95 [91, 97] 100 [93, 104] 83 [79, 84]
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Country
GTCI 2015–16 Input Sub-index Output Sub-index

Rank Interval Rank Interval Rank Interval

Cambodia 96 [93, 100] 91 [91, 101] 97 [94, 97]

honduras 97 [95, 97] 93 [91, 96] 98 [95, 99]

iran 98 [94, 100] 99 [93, 101] 96 [89, 97]

senegal 99 [97, 101] 92 [91, 98] 101 [100, 102]

bangladesh 100 [98, 102] 102 [100, 103] 91 [90, 96]

Uganda 101 [99, 104] 95 [91, 100] 106 [103, 106]

Ghana 102 [101, 103] 98 [94, 101] 103 [102, 104]

pakistan 103 [99, 103] 108 [107, 108] 85 [82, 86]

algeria 104 [103, 105] 104 [101, 106] 102 [101, 102]

mali 105 [104, 106] 105 [103, 107] 104 [103, 106]

Tanzania 106 [106, 107] 103 [101, 106] 108 [107, 108]

ethiopia 107 [105, 109] 107 [104, 109] 105 [105, 106]

burkina Faso 108 [107, 109] 106 [103, 107] 109 [109, 109]

madagascar 109 [108, 109] 109 [108, 109] 107 [107, 108]

source: saisana and domínguez-Torreiro, european Commission Joint Research Centre, 2015

SENSITIVITY ANALYSIS RESULTS

Complementary to the uncertainty analysis, sensitivity 
analysis has been used to identify which of the modelling 
assumptions have the highest impact on certain country 
ranks. Figure 2 plots GTCi and its sub-indices rankings 
versus one-at-a-time changes of either the em imputation 
method or the geometric aggregation formula (assuming 
equal weights for the six pillars as in GTCi).

The most influential methodological assumption is 
the choice of no imputation versus em imputation. This 
choice has the largest impact on differences in ranking for 
the output sub-index, less so for the input sub-index, and 
least for the overall GTCi 2015–16. For example, in the 
most extreme case, a country declines by three positions 
in the output ranking if a geometric aggregation is applied, 
yet the country improves by 16 positions if em imputation 
is applied. if both assumptions are changed (namely em 
imputation and geometric averaging – assuming equal pillar 
weights), this country with the most extreme shift improves 
by 12 positions. note however that these assumptions 
concern methodological choices only and might overall 
be less influential than choices related to the background 
assumptions in the conceptual framework.13 

overall, the JRC recommendation is not to alter the GTCi 
inclusion criteria on data availability, but to consider country 
ranks in GTCi 2015–16 and in the input and output sub-
indices within the 90% confidence intervals, as those are 

reported in Table 6, in order to better appreciate to what 
degree a country’s rank depends on the modelling choices. 
it is reassuring that for over 80% of the countries included in 
GTCi, their ranks in GTCi 2015–16, and input and output 
sub-indices are the result of the underlying data and not 
modelling choices.14

CONCLUSION

The JRC analysis suggests that the conceptualised 
multilevel structure of GTCi 2015–16 is statistically coherent 
and balanced (i.e., not dominated by any pillar or sub-pillar; 
all indicators contribute to the variation of the respective 
input/output sub-indices and to the overall GTCi). 
Furthermore, the analysis has offered statistical justification 
for the use of equal weights and arithmetic averaging at 
the various levels of aggregation, showing that GTCi is 
statistically reliable in its current form as the simple average 
of the six pillars (as measured by a very high Cronbach’s 
alpha value at 0.94, well above the recommended 0.7 
threshold for a reliable aggregate). 

points that call for possible refinements of the GTCi 
framework were also identified. These refinements regard 
mainly six out of the 61 variables, namely 1.3.1 ease of 
hiring, 2.2.5 Gender earnings gap, 3.1.3 Tertiary education 
expenditure, 3.2.2 prevalence of training in firms, 4.1.2 
Taxation and 5.2.3 mid-value exports. although present in 
the conceptual framework, these variables do not contribute 
significantly to the variation of the GTCi country scores 
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source: saisana and domínguez-Torreiro, european Commission Joint Research Centre, 2015
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Figure 2: sensitivity analysis: impact of modelling choices 
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GTCi and sub-indices country ranks are robust to 
methodological assumptions related to the estimation of 
missing data, weighting and aggregation formula. it is 
reassuring that for over 80% of the countries included in 
GTCi, the overall rank and those in the input and output 
sub-indices are the result of the underlying data and not 
of the modelling choices. Consequently, inferences can be 
drawn for most countries in GTCi, whilst some caution may 
be needed for a few countries. note that perfect robustness 
would have been undesirable, as this would have implied that 
the GTCi components are perfectly correlated and hence 
redundant, which is not the case for GTCi 2015–16. in fact, 
one way in which GTCi helps to highlight other components 
of human capital and talent competitiveness is by pinpointing 
the differences in rankings that emerge from a comparison 
between GTCi and each of the six pillars: for more than 
39% (up to 59%) of the countries, the GTCi ranking and 
any of the six pillar rankings differ by 10 positions or more. 
This outcome both evidences the added value of the GTCi 
ranking and points to the importance of taking into account 
the individual pillars, sub-pillars, and variables on their own 
merit. by doing so, country-specific strengths and bottlenecks 
in human capital and talent competitiveness can, as noted 
earlier, be identified and serve as an input for evidence-
based policymaking.

The auditing conducted herein has shown the potential 
of the Global Talent Competitiveness index 2015–16, upon 
some further refinements, in reliably identifying weaknesses 
and best practices and ultimately monitoring national 
performance in human capital and competitiveness issues 
around the world.

and consequently, do not have an impact on the GTCi 
ranking. The GTCi development team has opted to keep 
these variables in the current framework because of their 
conceptual relevance to the phenomenon, but it is suggested 
that next year’s release should be refined on these issues. 
Furthermore, two highly-correlated variables (2.1.5 brain 
gain and 2.1.6 brain drain) have also been retained by the 
development team, arguing that having a clear distinction 
between the countries that are good at attracting talent and 
those that are good at retaining talent would add value to 
GTCi. as an alternative for keeping both variables while 
at the same time avoiding double counting, we proposed 
to assign 0.5 weights to these variables in the sub-pillar 
calculations. The development team preferred to keep both 
variables without assigning them a specific weight. They 
will revisit the issue in the context of the next GTCi. also, in 
light of the statistical insights provided this year, for the next 
GTCi the development team will work on reconsidering the 
allocation of some of the variables that could fit in a different 
sub-pillar (e.g., 5.2.1 labour productivity per employee and 
5.2.2 Relationship of pay to productivity). moreover, the 
development team has manifested its intention of revising 
and fine-tuning the output side of the model. accordingly, this 
will allow them to tackle the point of whether the pillar ‘Retain’ 
(strongly correlated to both the input and output sub-indices, 
0.89 and 0.86 respectively) should belong to the input or 
output sub-indices, or whether a model of input-process-
output (where ‘Retain’ could be considered as part of the 
‘process’ side) would be more suitable to characterise the 
phenomenon being measured.
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ENDNOTES
1 The JRC analysis was based on the recommendations of the oeCd  
 (2008) handbook on Composite indicators, and on more recent  
 research from the JRC. The JRC auditing studies of composite  
 indicators are available at http://composite-indicators.jrc.ec.europa.eu/  
 (all audits were carried upon request of the index developers). 

2 oeCd (2008)

3 Groeneveld and meeden (1984) set the criteria for absolute skewness  
 above one and kurtosis above 3.5. The skewness criterion was relaxed  
 to account for the small sample (109 countries). 

4 The sub-pillars that have a single latent dimension are: 1.2 market  
 landscape, 2.1 external openness, 3.3 access to growth opportunities,  
 4.1 sustainability, 4.2 lifestyle, 5.1 employable skills and 6.1 higher  
 skills and competencies. hence, in the remaining sub-pillars there is  
 more than one single latent dimension, and as a result a notable  
 amount of information is lost when aggregating directly the variables  
 into sub-pillars.

5 World economic Forum (2014)

6 Cornell University, insead and Wipo (2014); saisana and saltelli  
 (2011); saltelli et al. (2008)

7 monte Carlo experiments are a broad class of computational  
 algorithms that rely on repeated random sampling to obtain numerical  
 results. monte Carlo methods are mainly used in three distinct problem  
 classes: optimisation, numerical integration, and generating draws  
 from a probability distribution.

8 saisana, saltelli and Tarantola (2005); saisana, d’hombres and  
 saltelli (2011)

9 With arithmetic average, the ‘no imputation’ choice is equivalent to  
 replacing missing values with the average of the available (normalised)  
 data within each sub-pillar. 

10 The expectation-maximisation (em) algorithm (little and Rubin,  
 2002) is an iterative procedure that finds the maximum likelihood  
 estimates of the parameter vector by repeating two steps: (1) The  
 expectation e-step: Given a set of parameter estimates, such as a  
 mean vector and covariance matrix for a multivariate normal  
 distribution, the e-step calculates the conditional expectation of the  
 complete-data log likelihood given the observed data and the  
 parameter estimates. (2) The maximisation m-step: Given a complete- 
 data log likelihood, the m-step finds the parameter estimates to  
 maximise the complete-data log likelihood from the e-step. The two  
 steps are iterated until the iterations converge.

11 munda (2008)

12 in the geometric average, pillars are multiplied as opposed to summed  
 in the arithmetic average. pillar weights appear as exponents in the  
 multiplication. all pillar scores were greater than 1.0, hence there was  
 no reason to rescale them (so as to avoid zero values that would have  
 led to zero geometric averages).

13 saltelli and Funtowicz (2014)

14 as already mentioned in the uncertainty analysis, at least 80% of the  
 simulated median ranks for the GTCi, input and output (sub-) indices 
 are less than two positions away from the reported 2015 rank.
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