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In a rapidly changing world,  knowledge is 
currency. It is with knowledge, science and 
research that we can forecast the future and 
set sail towards our objectives of building 
sustainable knowledge economies and 
ensuring the wellbeing of communities. This 
has been a mantra guiding our efforts across 
public and private entities here in the UAE, 
echoing the forethought and directives of 
our wise leadership. “The pen and knowledge 
are mightier than all other powers,” said His 
Highness Sheikh Mohammed bin Rashid Al 
Maktoum, Vice President and Prime Minister 
of the UAE, Ruler of Dubai.

As the foundation bears His Highness’s 
name, and is dedicated to the production, 
dissemination and localisation of knowledge 
in the UAE, we, at the Mohammed Bin 
Rashid Al Maktoum Knowledge Foundation, 
have committed ourselves to consistently 
innovating and upgrading initiatives, projects 
and programs to achieve these objectives. 
Our journey has brought us together with 
various partners over the years, most 
notably among them is the United Nations 
Development Program (UNDP), with whom we 
are honoured to be celebrating the 10th year 
of collaboration on the Knowledge Project. 

Last year, our partnership saw us launch 
a ground-breaking new initiative to drive 
forward a knowledge movement on a global 
scale. The Global Knowledge Index was 
introduced as an international knowledge 

platform that tracks the realities and 
conditions of this sector in 140 countries 
around the world, highlighting challenges 
and proposing solutions for the sustainable 
development of societies. The launch truly 
established the Foundation as a global 
institution spreading knowledge and science 
to all corners of the globe.

This year, we are excited to be announcing 
three specialized reports, once again in close 
cooperation with our partners at the UNDP. 
The first is the much-anticipated “Results of 
the Global Knowledge Index 2018”, which 
reveals the findings of the Index in 2018. The 
second – titled “The Future of Knowledge” – is 
the first of its kind and will see the Foundation 
go beyond tracking knowledge in the present 
to place equal attention on the future of the 
sector, resonating with the UAE’s general 
direction of focusing on the future. As our 
world develops, knowledge evolves with it; 
we must update our instruments to maintain 
our capability to capitalise on the knowledge 
opportunities these transformations bring – 
especially the advancements of the Fourth 
Industrial Revolution.

The third  report bears the title “Knowledge 
and the Fourth Industrial Revolution”. Created 
following great demand from numerous 
academics and researchers, the report takes 
a deeper look at the findings of last year’s 
edition of the Index, offering analysis and 
greater insight into the main takeaways.

Foreword

Mohammed Bin Rashid Al Maktoum Knowledge Foundation
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It is with great enthusiasm that we launch 
these reports, as we look forward to hosting 
the fifth annual Knowledge Summit here in 
the UAE. We are honoured to be playing our 
part in promoting our country as a centre for 
cultural dialogue, and a source of ambitious, 
future-oriented visions and strategies for 

advanced knowledge-based societies, aligning 
once again with the vision of H.H. Sheikh 
Mohammed bin Rashid Al Maktoum, who 
repeatedly asserted that “the preservation of 
leadership, excellence, sustainable growth and 
prosperity requires us to embrace the age of 
the knowledge economy as soon as possible.”

Sheikh Ahmed bin Mohammed bin Rashid Al Maktoum
Chairman of MBRF
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 The release of this report coincides with the 
tenth anniversary of the Knowledge for All 
project which, since its inception, has been 
focusing on the correlation and interaction 
between knowledge and development, 
taking into consideration the unique context 
of the Arab States. Such work would not 
have been possible without the precious 
and longstanding partnership between the 
United Nations Development Programme 
and the Mohammed bin Rashid Al Maktoum 
Knowledge Foundation. With knowledge as its 
cornerstone, this collaboration fully embraced 
the vision of His Highness Sheikh Mohammed 
Bin Rashid Al Maktoum, Vice President and 
Prime Minister of the United Arab Emirates 
and Ruler of the Emirate of Dubai, who said, 
“the race for excellence has no finish line.”

The project has moved from an initial stage of 
theoretical studies on the status of knowledge 
to quantitative monitoring and analysis of 
countries’ knowledge profile, and finally to 
forecasting the future of knowledge around the 
world. This has allowed various stakeholders 
in the political, academic, research, industrial, 
and economic circles to develop informed 
policies based on data and scientific evidence, 
and to assess any improvement or decline 
in the seven sectoral indices of the Global 
Knowledge Index, namely pre-university 
education, technical and vocational education 
and training, higher education, research, 
development and innovation, information and 

communications technology, economy, and 
the general enabling environment. 

The project introduces various publications 
this year. First, the Global Knowledge Index 
2018, with updated data and reviewed 
indicators that can better capture the various 
and complex dimensions of the knowledge 
landscape at the global level. The second 
publication is an analysis of the results of the 
Global Knowledge Index 2017, which shows 
that the achievement ‘knowledge societies’ is 
linked primarily to revolutions in the field of 
information and communications technology, 
led by the capacity of human capital in terms 
of creativity, innovation, and use of technology 
for innovation and development. Therefore, 
the success of countries in embracing these 
revolutions, especially the Fourth Industrial 
Revolution, depends on their willingness to 
invest in the fields of knowledge and technology, 
and their ability to take the necessary decisions 
to address obstacles in their way.

While the Global Knowledge Index measures 
the current levels of knowledge, this year’s 
third publication focuses on the importance 
of anticipating the future of knowledge. 
Leveraging the potential of big data, a new 
model was built to measure countries’ 
readiness for further knowledge development, 
taking into account the rapid technological 
transformations and their impact on various 
knowledge sectors.

Foreword

United Nations Development Programme
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The Knowledge for All project is a unique 
initiative that seeks to shape a new and 
innovative vision for the realisation of the 
2030 Agenda within and outside the Arab 
States. Despite the difficult challenges and 
sharp changes in the region in recent years, 
the project has not lost momentum. Rather, 
today at the Knowledge Summit, we are eager 
and proud to present yet another milestone 
achievement and express our appreciation to 

all those who contributed to its completion, 
particularly the expert teams, the Mohammed 
bin Rashid Al Maktoum Knowledge Foundation 
and its leaders, and the Knowledge for All team. 
Strongly committed to continuing supporting 
policy-makers in their strive for sustainable 
development, we look forward to producing 
more quantitative and qualitative data and 
analysis to enrich the global knowledge 
landscape in the years to come.

Mourad Wahba
United Nations Assistant Secretary-General

Assistant Administrator & Director of the Regional Bureau for Arab States, 
United Nations Development Programme
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Introduction 

Launched in 2017 by the United Nations 
Development Programme (UNDP) and 
the Mohammed Bin Rashid Al Maktoum 
Knowledge Foundation (MBRF), the Global 
Knowledge Index (GKI) measures the 
multidimensional concept of knowledge by 
assessing the performance of 131 countries 
in seven sectors. This provides policymakers, 
researchers, civil society and the private 
sector with the data and information 
needed to work together on the assessment, 
planning and implementation of policies that 
maximise the employment of knowledge as 
a key accelerator of sustainable development.
 
Overall, Switzerland ranked first in the 
GKI, while Angola ranked last. The top 20 
countries were from the Organisation for 
Economic Co-operation and Development 
(OECD), along with two countries from East 
Asia and the Pacific – Singapore and the Hong 
Kong. The 20 lowest-ranked countries were 
mostly from Sub-Saharan Africa, along with 
three countries from the Arab States (Yemen, 
Mauritania and the Syrian Arab Republic) and 
one from South Asia (Nepal).

The achievement of ‘knowledge societies’ – 
which was discussed in detail in the Arab 
Knowledge Report 2014 and formed the 
basis for the GKI 2017 – is strongly linked 
to the impacts of the information and 
communications technology (ICT) revolution, 
which has been driven by human capital and 
based on education, creativity, innovation 
and the use of technology to drive efficiency 
and development. The success of countries in 
navigating this revolution – and the broader 
fourth industrial revolution (4IR) – depends on 
their will and capacity to make the necessary 
investments and decisions, and their ability to 
overcome key obstacles.

An analysis of the GKI results reveals two key 
requirements for countries seeking to achieve 

knowledge economies and societies. The first 
relates to the competency of human capital to 
drive knowledge and development, and the 
second is the capacity of countries to compete 
in the context of the 4IR and to enable the 
generation of human capital. 

The discussions in this report illustrate the 
importance of education system efficiency 
in the preparation of competent human 
capital, as well as the vital role of the research, 
development and innovation (RDI) system. The 
former includes the three levels of education 
that are part of the GKI, namely: 

1)  Pre-university education and its ability to 
deliver the required qualitative outputs. 
The results of the Pre-university Education 
Index reveal several imbalances that 
may explain – to a large extent – the 
weak performance of this sector in many 
countries around the world – including 
the Arab countries. The report deepens 
our understanding of these imbalances 
by analysing the relationship between 
quantitative and qualitative outputs.

2)  Higher education and its capacity to balance 
inputs and outputs. Decision-makers and 
researchers have devoted increasing 
attention to the efficiency of the higher 
education sector – particularly in terms of its 
processes and the ability of its institutions 
to achieve their objectives in each country. 
From this analysis it appears that the 
higher education sector may be considered 
inefficient in four of the seven  regions 
considered by this report, mainly owing to a 
decline in the quality of its outputs.

3)  Technical and vocational education and 
training (TVET) and its ability to sufficiently 
qualify human capital, based on correlation 
between the TVET Index and the Human 
Capital Index. The key constraint that 
emerged during this aspect of the analysis 
was that data from the GKI on this sector 
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is primarily economic and relates to the 
ability of the state to provide a dynamic 
economic environment that absorbs 
graduates and encourages vocational 
institutions to improve the quality of their 
education and training.

As for the efficiency of the RDI system, this is 
reflected in the ability of its three components 
to develop inputs, improve the quality of 
outputs and maximise their impacts on society. 
The analysis in this report shows that most 
regions achieved acceptable RDI efficiency 
ratios, with the exception of the Arab States.

Efficiency in these two systems is vital for 
producing highly qualified and competent 
human capital that is capable of driving the 
development of a knowledge economy and 
meeting 4IR requirements. However, the 
analysis presented in this report points out 
that inefficiencies persist in most of the above 
areas, most of which relate to suboptimal 
scores at the level of education and RDI 
outputs. This calls for greater investment to 
equip human capital with more qualitative 
knowledge, capacities and skills, and ensure 
their relevance to the labour market and its 
evolving needs. This is particularly valid for 
the Arab States which scores below the global 
average in all the above efficiency ratios.

With regard to countries’ competitiveness 
in the context of the 4IR, the transition 
from traditional to competitive knowledge 
economies entails profound changes and new 
requirements at different levels. 

First, it is important to recognize the link 
between the competition inherent in the 4IR 
concept and human capital knowledge, skills 
and qualifications. If advanced educational 
systems – especially higher education and 
TVET – cannot provide young people with skills 
that are relevant to the jobs on offer, this will 
necessarily lead to structural unemployment. 
This observation is particularly important for 

the Arab States, which has the highest rate of 
youth unemployment in the world and faces a 
significant challenge in directing education to 
meet the requirements of the labour market. 

Second, increasing global competitiveness 
arising from 4IR requirements necessitates 
optimal utilisation of the outputs of RDI 
to improve the overall productivity of the 
economy. This leads to more value-added 
innovations, inventions, intellectual property 
rights and trademarks, which in turn lead to 
advanced industrial design and prototyping 
that serve the immediate and future needs of 
the economies seeking to contribute to the 4IR. 
Naturally, these research and development 
activities also bring economic returns. The 
report shows that, in this area, OECD countries 
perform particularly well compared to other 
regions, while Arab countries score lower than 
the global average on most RDI variables.  

Third, the integration of ICT into the TVET 
system enables the latter to better meet the 
rapidly changing needs of the labour market 
around the world. Traditional methods of 
teaching will be inadequate in qualifying 
young people for a 4IR world characterised by 
cutting-edge applications, rapid change and 
unprecedented technological developments. 
Therefore, linking TVET with ICT is essential 
for countries seeking to qualify their human 
resources to ensure they are 4IR-ready. To 
better understand this link, the analysis 
focuses on the correlation between the TVET 
Index and the ICT Index. 

Fourth, since the 4IR is based primarily on 
‘technological breakthroughs’ in all aspects 
of human life, the ability of nations to 
keep pace with developments in the world 
of technology and communications and 
integrate them into key sectors becomes 
crucial for their competitiveness. The rapid 
development of technology, and the speed 
at which the requirements of this revolution 
are developing, will make some countries 
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leaders in this regard, especially in terms 
of 3D printing, nanotechnology, robotics 
and smart digital technology. Therefore, 
understanding the links between macro-
economic variables and the ICT sector is 
very important in determining the extent to 
which countries meet 4IR requirements. In 
the Arab States, for example, it is clear that 
the United Arab Emirates has become one 
of the world’s leading countries in terms of 
digital economy and digital competitiveness.

Understanding all the above interactions 
among different sectors and their 
components is key in developing efficient 
human capital and reducing the risk of 
higher structural unemployment, thereby 
strengthening the capacity of a given country 
to develop and engage in the 4IR – an era 
characterised by increasing competitiveness, 
fast-paced change, high flexibility and 
irreversible development. Indeed, the 
conclusion drawn by this report is that 
knowledge-based competency of human 
capital is vital in exploiting opportunities 

offered by the 4IR era. Without this, human 
capital in the Arab States – or any specific 
economy – will represent a burden rather 
than a resource that generates income 
and contributes to growth and sustainable 
development.  

This analysis explores in greater depth the 
relation between the competency of human 
capital and countries’ competitiveness in the 
context of the 4IR, and the development of 
knowledge societies and economies. The 
findings of this analysis, based on the results of 
the GKI, show a correlation of these elements. 
They reveal the most critical issues and provide 
a general overview of regional performance 
around the world. Prior to that, it reiterates 
the structure of the GKI and its most important 
methodological features (for further details, 
refer to the GKI 2017 page on the Knowledge 
for All portal).1 It also provides a general 
description of the most important results that 
have emerged from the Global Knowledge 
Index as a whole, followed by a presentation 
and analysis of sector-specific results.





Knowledge and the Fourth Industrial Revolution | 5

Section one: 
The Global Knowledge Index: 

Overview and general conclusions
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A look back at the structure of the 
Global Knowledge Index

Launched in late-2017 by UNDP and the 
MBRF, the Global Knowledge Index was 
developed by a team of interdisciplinary 
academic researchers in consultation with 
a broader advisory team of independent 
experts and representatives of specialised 
international bodies. This initiative continues 
the work begun by the Arab Knowledge 
Index to measure knowledge development 
in the face of scarce reliable data, widely 
differing indicators in existing national and 
international assessments, and the lack of 
composite indices examining interactions 
between different development sectors.

The GKI is a composite index consisting of seven 
sub-indices that examine the performance of 
six sectors: pre-university education; technical 
and vocational education and training; 
information and communications technology; 

research, development and innovation; and 
economy. The seventh sub-index examines the 
availability of enabling environments, charting 
the social, political and economic contexts 
within which the six sectors operate (Figure 1).

These composite indices were built on 
conceptual foundations that view knowledge 
as the gateway to sustainable human 
development. In terms of methodology, 
accepted international standards in 
composite index design were applied and all 
data underwent multiple statistical checks. 
Principal components analysis was used to 
confirm the consistency and classification of 
the selected variables under the various sub-
indices. In most cases, the explained variance 
exceeded 50 percent and Cronbach’s alpha 
coefficients exceeded 0.70.

Measures of central tendency (arithmetic 
mean and standard deviation) were used in 
the descriptive analyses; confidence intervals 
were employed to study differences between 
arithmetic means; correlation coefficients 

Figure 1: Structure of the GKI
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were used to study relations between sectors 
or variables; analysis of variance was used to 
compare regions; and regression analysis was 
applied to identify variables with the highest 
impact on the performance of sectors. For the 
purposes of comparison, the 131 countries 
covered by the GKI were divided into seven 
groups; six were based on geographical 
location and the seventh on outstanding 
economic and development performance, in 
order to act as a benchmark for comparing the 
performance of other regions (Table 1). 

A general description of the results 
of the Global Knowledge Index

The GKI included 131 countries for which the 
required data were available. Switzerland 

ranked first, and Angola ranked last in the 
Index. The top 20 countries were from the 
Organisation for Economic Co-operation 
and Development (OECD), along with two 
countries from East Asia and the Pacific –
Singapore and Hong Kong. The 20 lowest-
ranked countries were mostly from Sub-
Saharan Africa, along with three countries 
from the Arab States (Yemen, Mauritania and 
the Syrian Arab Republic) and one from South 
Asia (Nepal). Figure 2 shows the highest and 
lowest performing five countries and the gap 
between them.

The results of the sectoral indices reveal 
relative disparities between sectors. The 
highest average scores were recorded on 
the General Enabling Environment Index and 

South Asia

Sub-Saharan Africa

East Asia and the Pacific 

Arab States
Algeria, Bahrain, Egypt, Jordan, Kuwait, Lebanon, 
Mauritania, Morocco, Oman, Qatar, Saudi Arabia, Syrian 
Arab Republic, Tunisia, United Arab Emirates and Yemen.

Brunei Darussalam, Cambodia, China, Hong Kong, China 
(SAR), Indonesia, Malaysia, Mongolia, Myanmar, 
Philippines, Singapore, Thailand and Viet Nam.

Belize, Bolivia (Plurinational State of), Brazil, Colombia, Costa Rica, 
Dominican Republic, Ecuador, El Salvador, Guatemala, Guyana, 
Honduras, Panama, Paraguay, Peru, Uruguay and Venezuela 
(Bolivarian Republic of).

Bangladesh, Bhutan, India, Nepal, Pakistan and Sri Lanka.

Angola, Benin, Botswana, Burkina Faso, Burundi, Cabo Verde, 
Cameroon, Côte d'Ivoire, Ethiopia, Gambia, Ghana, Guinea, Lesotho, 
Madagascar, Malawi, Mali, Mauritius, Mozambique, Namibia, Rwanda, 
Senegal, Seychelles, South Africa, Tanzania (United Republic of), 
Togo, Uganda and Zimbabwe.

Australia, Austria, Belgium, Canada, Chile, Czech Republic, 
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, 
Iceland, Ireland, Israel, Italy, Japan, Korea (Republic of), Latvia, 
Luxembourg, Mexico, Netherlands, New Zealand, Norway, Poland, 
Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, 
United Kingdom and United States.

Albania, Armenia, Azerbaijan, Belarus, Bulgaria, Croatia, Cyprus, 
Georgia, Iran (Islamic Republic of), Kazakhstan, Kyrgyzstan, 
Lithuania, Malta, Moldova (Republic of), Romania, Russian 
Federation, Serbia, Tajikistan, The Former Yugoslav Republic of 
Macedonia and Ukraine. 

Group

15

12

20

16

6

27

35

Europe and Central Asia

Latin American and the Caribbean

OECD

Number of 
countries Countries

Table 1: Country groups adopted in GKI analytical studies
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the lowest on the Research, Development 
and Innovation Index. The results show 
variances between countries, as reflected 
by a dispersion rate2 that ranged between 
17.68 and 54.18 percent (Figure 3). They also 
indicate varying gaps between sectors, which 
is discussed in further detail in the respective 
analytical studies.

Results of sectoral indices

Results of the Pre-University 
Education Index

Based on the vision developed during the 
course of the three Arab Knowledge Reports 
(2009,3 2010-20114 and 20145), which was 

Togo 28.9

Mali 28.8

Netherlands 68

Yemen 25

Angola 30

Singapore 69.5

Switzerland 71.8Top five countries

World average

Last five countries

8

0 20 30 50 70 9010 40 60 80 100

Mauritania 29

Finland 68.5

Sweden 68.3

46.8

Figure 2: GKI findings – Highest and lowest performing countries 

Figure 3: Dispersion rate by sector 
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Technology

34.61
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21.38

General Enabling 
Environment

17.68
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Gross enrolment 
ratio, primary, both 

sexes (%)
(1/3)

Gross graduation ratio 
from primary 

education, both sexes  
(1/3)

Assessment of 15-
year-old students in 

Mathematics, Science, 
and Reading

(1/2)

Gross enrolment ratio, 
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Figure 4: Structure of the Pre-University Education Index

based on the principle of the ‘inherent relation 
between knowledge and development’ 
and the ‘triad of skills, values and enabling 
environments’, a Pre-University Education 
Index (from early childhood education to 
the end of secondary education) has been 
developed. It comprises two main interrelated 
pillars: knowledge capital and educational 
enabling environment, each of which is 
divided into sub-pillars (Figure 4). 

The knowledge capital pillar is divided into 
three sub-pillars, of which two are quantitative 
in nature, indicating the extent to which 
children and young people have opportunities 
to attend school and complete the required 
years of schooling at different levels. The third 
relates to educational outcomes or outputs 
and focuses more on the qualitative aspects 

of the learning process. The educational 
enabling environment was divided into 
three sub-pillars which are, according to 
relevant international literature, important for 
achieving quality educational outputs. These 
are: early childhood education; expenditure 
on education; and school environment.

Results overview

The global average (131 countries) on the 
Pre-University Education Index was 55.73 
with a standard deviation of 12.68. Singapore 
ranked first, followed by Denmark, Iceland, 
Belgium and Ireland, while the Syrian Arab 
Republic ranked last, preceded by Mauritania, 
Uganda, Burkina Faso, Mali and Ethiopia. 
This distribution shows that higher scoring 
countries belong to the OECD (with an average 
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exceeding 70), whilst lower-ranking countries 
belong to Sub-Saharan Africa and the Arab 
States (with an average not exceeding 30). This 
could indicate a strong correlation between 
economic growth and education. 

In terms of the performance of the individual 
regions represented in the Global Knowledge 
Index, Sub-Saharan Africa and the Arab States 
scored lowest. When compared to the OECD 
countries and the East Asia and the Pacific region 

– as two reference groups – a sizeable gap is 
evident. If the three lowest scoring Arab States 
are excluded as special cases (Yemen, Mauritania 
and the Syrian Arab Republic), the average score 
for the Arab States rises from 49.21 to 53.61 but 
remains below the global average (Figure 5).

The OECD countries topped the Pre-University 
Education Index with an average of 66.64, 
which is almost 11 points higher than the 
global average. All OECD countries – with the 
exception of Canada, Mexico and Turkey – 

scored higher than the global average (55.73), 
with scores ranging between 48.73 (Turkey) 
and 78.68 (Denmark).

The East Asia and the Pacific region scored 
61.41, which is higher than the global average. 
Singapore topped the region with 85.40 
points and ranked first globally. Cambodia, 
Myanmar and Indonesia ranked lowest in 
the region, while Singapore, China and Hong 
Kong ranked highest.

Europe and Central Asia scored 59.32 on 
average, with county scores ranging from 
42.55 (The Former Yugoslav Republic of 
Macedonia) to 72.48 (Malta). Seven countries 
in this region scored lower than the global 
average, and 13 countries scored above it, 
with three scoring higher than 70.

The average scores of South Asia, Latin 
America and the Caribbean, the Arab States 
and Sub-Saharan Africa did not exceed the 

Singapore1 East Asia and the Pacific 85.40

Denmark2 OECD78.68

Uganda Sub-Saharan Africa30.97127

Burkina faso Sub-Saharan Africa28.11128

OECDBelgium4 76.91

Sub-Saharan AfricaEthiopia 26.38130

OECDIceland3 77.93

Sub-Saharan AfricaMali 27.67129

OECDIreland5 76.62

Arab StatesSyria131 24.56

Rank Country Pre-University 
Education Index

Region

Table 2: Countries with the highest and lowest scores on the Pre-University Education Index



12 | Knowledge and the Fourth Industrial Revolution

Global average 55.73
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51.60Latin American and the Caribbean
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Figure 5: Regional scores in the Pre-University Education Index

global average. The average score for South 
Asia (55.20) was roughly the same as the 
global average. The average score of Latin 
America and the Caribbean region was almost 
four points below the global average. Ecuador 
topped the region with a score of 60.06, which 
is relatively modest. Country scores in this 
region ranged from 40 to 60.

 A closer examination of the pillars of the Pre-
University Education Index shows that all 
regions except for South Asia scored higher 
on the educational enabling environment 
pillar than on the knowledge capital pillar. 
South Asia is also the only region which 
scored higher than the global average on just 
one pillar – unlike the other regions, which 

70.31 49.21 24.56 11.11

72.48 59.32 42.55 8.90

Highest score Lowest score Standard deviationAverage score

85.40 61.41 45.78 10.89

Arab States

East Asia and the Pacific 

Europe and Central Asia

Latin America and the Caribbean

OECD

South Asia

Sub-Saharan Africa

78.68

67.45

68.71

60.06

85.40

66.64

55.20

42.57

51.59

55.73

48.30

41.85

26.38

43.17

24.56

7.05

8.64

10.94

4.86

12.68World

Table 3: Regional scores on the Pre-University Education Index
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either scored higher or lower than the global 
average on both pillars.

The OECD countries scored the highest 
on both pillars, while Sub-Saharan Africa 
scored the lowest on both pillars. Singapore 
topped the knowledge capital pillar (99.85), 
followed by Ireland and Finland. Iceland led 
the educational enabling environment pillar 
(88.07), followed by Denmark and Belgium. 
Remarkably, Lebanon was ranked 11th on this 
pillar with a score of 76.99.

Whilst the average score of the Arab States 
on the Pre-University Education Index (49.21) 
indicates that the overall performance of the 
region is low, the high degree of dispersion 
(standard deviation of 11.11) reflects major 

differences between countries, with scores 
ranging from 24.56 in the Syrian Arab 
Republic to 70.31 in the United Arab Emirates. 
In general, the Arab States may be divided 
into six levels, based on their scores, with the 
United Arab Emirates at the top (Figure 7).

This distribution illustrates major differences 
between the performance of the United Arab 
Emirates (which ranked 16th globally) and that of 
Yemen, the Syrian Arab Republic and Mauritania, 
which come as a natural consequence of the 
security and economic conditions faced in these 
countries in recent years. This has been noted 
in previous reports, most notably UNICEF’s 2015 
report ‘Education under Fire’,6 which stresses 
that conflicts in the Middle East prevent more 
than 13 million children (40 percent) from 

Figure 6: Regional scores on the pillars of the Pre-University Education Index

0

10

30

20

40

50

60

70

80

Latin America 
and the 

Caribbean

Sub-Saharan 
Africa

Arab StatesEurope and 
Central Asia

OECD East Asia and 
the Pacific average

South Asia

Educational enabling environment Knowledge apital



14 | Knowledge and the Fourth Industrial Revolution

attending school and warns of the devastating 
impact of conflict, which not only destroys 
education infrastructure and forces teachers 
to abandon their jobs but also affects entire 
generations of children by undermining their 
hopes and futures. 

Results of the Technical and 
Vocational Education and Training 
Index

The Technical and Vocational Education and 
Training (TVET) sector represents the main 

30

40

50

60

70

Syria 24.

Mauritania 31.2
Yemen 3

Qatar 47.2

48.4

Egypt 44.

Bahrain 58.9 Algeria 53. Jordan 53

Morocco 5 Lebanon 52

Tunisia 50.4 Oman 50.3

Kuwait 63.5

UAE 70.3

Figure 7: Scores of the Arab countries on the Pre-University Education Index
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connection between education and the labour 
market and provides educated young people 
with opportunities for professional integration. 
It contributes to the provision of highly-skilled 
labour and the development of conducive 
working environments. It comprises two 
pillars: formation and professional training 
and features of the labour market (Figure 8)

Results overview

Data from the GKI shows how the experiences 
of countries vary in relation to TVET, in that 
statistical variance is sometimes evident 
between groups. Table 4 shows the leading 
countries as well as those with the lowest 
scores in this area.

Figure 8: Structure of the Technical and Vocational Education and Training Index
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In general, the global average on the TVET 
Index is 52.68, with the features of the labour 
market pillar outperforming the formation 
and professional training pillar by almost six 

points. Furthermore, the features of the labour 
market pillar exhibits greater consistency in 
scores between countries compared to the 
formation and professional training pillar. 

Table 4: Countries with the highest and lowest scores on the TVET Index

U S1 OECD84.99

2 OECD75.32Finland

127 Mozambique Sub-Saharan Africa35.57

128 Sub-Saharan Africa30.87Togo

4 East Asia and the Pacific 73.83Philippines

130 South Asia30.35Nepal

3 OECD74.03Norway

129 East Asia and the Pacific Myanmar 30.80

5 OECDSwitzerland 71.98

131 Arab StatesYemen 29.72

Rank Country TVET Index Region

Figure 9:  Regional scores on the TVET Index and its pillars
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The TVET Index results show significant 
differences between regions.

As shown in Figure 9, the OECD countries 
rank highest on the TVET Index and show 
statistically significant differences from other 
regions of the world – their performance on 
both pillars being balanced. South Asia ranks 
last with an average of 45.74 points, almost 
two points behind the Arab States. All regions 
of the world, with the exception of Europe and 
Central Asia, scored higher on the features 
of the labour market pillar than they did on 
formation and professional training.

In the Arab States, the average score on the 
TVET Index is 48.01 with a stand ard deviation 
of 7.92. Scores range between 29.72 and 60.99, 
reflecting the difference in performance 
between countries with low scores, such as 
Yemen, and those with higher scores that 
exceed the global average, such as the United 
Arab Emirates and Lebanon.

The scores of the Arab countries on the TVET 
Index reveal significant variations at the level 
of the pillars between countries that are 
classified as leading and others that can be 
classified as low ranking in this sector (Figure 

10). There are also differences between scores 
on both pillars (formation and professional 
training and features of the labour market), 
which were 43.67 and 54.51, respectively. 
Scores also varied from one country to 
another. Algeria scored 21.22 on the first 
pillar and 65.69 on the second. The same 
goes for Saudi Arabia (scoring 23.81 and 65.03 
respectively). This confirms the existence of a 
gap – especially at the level of the structure 
and pillars of the TVET Index (Figure 10) 

– despite the convergence between Arab 
countries on the features of the labour market 
pillar (except for countries experiencing war 
or the disintegration of state structures).

Based on these scores, we can distinguish 
three groups of countries in the Arab States:

Group 1: this group consists of countries in 
which the TVET sector has been integrated 
into national economies. The data 
undoubtedly confirms the leading role played 
by technical and vocational education and 
training institutions in framing and qualifying 
human capital – to the extent that several 
country experiences have become models 
at the regional or even international level. 
This group of countries is characterised by 

60.99 48.01 29.72 7.92

68.24 53.55 36.14 5.81

Highest score Lowest score Standard deviationAverage score

73.83 52.55 30.80 9.46

Arab States

East Asia and the Pacific 

Europe and Central Asia

Latin America and the Caribbean

OECD

South Asia

Sub-Saharan Africa

84.99

55.80

65.76

64.67

84.99

61.05

45.74

47.45

49.18

52.68

46.52

30.35

30.87

38

29.72

8.99

7.86

7.13

8.08

9.70World

Table 5: Regional scores on the Technical and Vocational Education and Training Index
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the ability of the labour market to absorb 
significant numbers of educated young people 
with professional or university qualifications, 
benefit from them (be they male or female) and 
reduce the waiting period between obtaining a 
certificate and integrating them into the labour 
market. Countries in this group include the 
United Arab Emirates (60.99), Lebanon (60.01), 
Bahrain (57.75) and Qatar (53.18). The United 
Arab Emirates’ experience is noteworthy in this 
regard, as the country has been working for 
many years on a series of structural economic 
reforms that are based on linking development 

with the qualification of human capital to 
enable a competitive knowledge economy.

Group 2: despite their efforts, this group of 
countries still suffers from semi-structural 
constraints in the TVET sector due mainly 
to the nature of their economic choices – 
those associated with tourism, for example – 
which are often negatively affected by crises 
occurring around the world or because of the 
low attractiveness of these countries to foreign 
investment, which is the most important 
driver of demand for labour. Countries in this 

 Figure 10: Scores of the Arab countries on the TVET Index and its pillars
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group include Kuwait (49.61), Morocco (47.88), 
Tunisia (47.2) and Jordan (47.19).

Group 3: this group includes countries with 
economies that are experiencing a significant 
mismatch between supply and demand in 
terms of employment or training, or at the level 
of the formation and professional training 
pillar. These countries are characterised by an 
imbalance between components of the TVET 
system on the one hand, and the labour market 
on the other, and weak relations between 
the TVET sector and employers. Countries in 
this group include Egypt (43.96), Saudi Arabia 
(40.30), Algeria (39.01) and Yemen (29.72).

Results of the Higher Education Index

The Higher Education Index consists of two 
pillars: higher education inputs; and higher 

education outputs and quality. The former 
has three sub-pillars: expenditure, enrolment 
and human resources. The latter has four sub-
pillars, of which two relate to the outputs of 
higher education (graduation and employment 
after graduation) and two measure the quality 
of higher education (quality of universities 
and competency of students).

Results overview

The global average score on the Higher 
Education Index was 39.02, with 63 countries 
scoring above this average and 68 countries 
scoring below it. The Index was led by 18 
OECD countries and one country from the East 
Asia and the Pacific region (Singapore, ranked 
third). The countries with the lowest scores 
were from the Arab States, Sub-Saharan Africa 
and South Asia (Table 6).

Figure 11: Structure of the Higher Education Index
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The OECD countries ranked highest on 
the Index, with an average score of 51.75 
(12.73 points above the global average) and 
a standard deviation of 7.48. Among the 
countries in this group, the United Kingdom 
achieved the highest score (69.31 and the 

highest score globally), while Turkey scored 
lowest (33.47). Only three out of the 36OECD 
countries scored below the global average 
(39.02): Greece (38.26), Chile (36.39) and 
Turkey. Four of the top five scoring countries 
on the Higher Education Index belong to 

Figure 12: Regional scores on the Higher Education Index
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Table 6: Highest and lowest scoring countries on the Higher Education Index

U1 OECD69.31

2 OECD68.55

Mali

South Asia19.57127

Gambia Sub-Saharan Africa19.21128

OECDLuxembourg
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4 57.94
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East Asia and the Pacific 3 60.84
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the OECD; the scores of the countries in this 
group have elevated the global average score 
on the Higher Education Index. The average 
score of the countries in the second highest 
ranking region on the Index is close to the 
global average, while the average scores of 
other regions are less than the global average.

Europe and Central Asia ranked second, with 
an average score of 40.11 (1.09 points above 
the global average of 39.02) and a standard 
deviation of only 6.09. Lithuania scored 
highest in this group (49.87), ranking 28th in 
the world. Tajikistan ranked lowest in this 
region and 103rd globally with a score of 27.73, 
which is 12.38 points less than the average 
score of the region.

East Asia and the Pacific ranked third, with an 
average score of 36.97, which is 2.05 points 
below the global average. The scores of the 
countries in this region show high dispersion, 
with a standard deviation of 11.45 and a 
gap of 35.89 points between Singapore 
(60.84) – which was ranked highest in the 
region – and Myanmar (24.95), which was 
ranked last. Singapore ranked third globally, 
while Mongolia (26.90), Cambodia (26.04) 
and Myanmar (24.95) ranked 109th, 116th and 
118th, respectively.

Latin America and the Caribbean, South Asia 
and Sub-Saharan Africa lagged behind the 
best performing three regions. The average 
score of countries in Latin America and the 
Caribbean (32.49) is 6.53 points less than the 
global average, with a standard deviation 
of 8.26. Only four of the 16 countries in 
this region scored higher than the global 
average: Costa Rica (48.81), Uruguay (47.37), 
Brazil (43.48) and Panama (39.34), ranking 
30th, 36th, 49th and 62nd, respectively, in the 
world. Belize and El Salvador ranked last and 
second-to-last in the region (124th and 119th

globally), scoring 22.99 and 24, respectively.

South Asia scored an average of 30.95 with 
a standard deviation of 6.77. All countries 
in this region scored below the global 
average except for India, which was close 
to matching it (39.14). Nepal scored lowest 
(19.57), ranking 127th in the world.

Sub-Saharan Africa scored an average of 
29.41, with similar individual scores and a 
standard deviation of 6.60. Only two of the 
27 countries in the region scored higher 
than the global average: Senegal (40.92) 
and South Africa (40.75). Mali (12.01) ranked 
last in the world and Gambia (19.21) was 
ranked 128th.

Table 7: Regional scores on the Higher Education Index
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Scores on the higher education outputs and 
quality pillar were lower than those on the 
higher education inputs pillar for the world as 
a whole, and in all regions except for East Asia 
and the Pacific, and the OECD. Their respective 
scores were 37.79 and 53.66 on the outputs 
and quality pillar, and 35.83 and 49.13 on the 
inputs pillar (Figure 12). The standard deviation 
for the higher education inputs pillar is 11.23, 
with scores ranging from 4.24 to 68.06. Scores 
on the higher education outputs and quality 
pillar were more dispersed, ranging from 6.71 
to 79.79, with a standard deviation of 15.47.

As shown in Table 7, the Arab States ranked 
fourth on the Higher Education Index with 
an average score of 36.95 – almost equalling 
the score of East Asia and the Pacific (36.97), 
which ranked third. Country scores showed 
high dispersion, with a standard deviation of 
10.13. The United Arab Emirates topped the 
Arab States on the Higher Education Index 
with a score of 50 – which is higher than the 
global average (39.02) and close to the OECD 
average (51.75). The Syrian Arab Republic, 
Mauritania and Yemen ranked lowest among 
the Arab countries and 126th, 129th and 130th 
globally, with scores of 21.64, 16.76 and 16.17, 
respectively. These scores are much lower 
than the Arab and global averages. If the 
Syrian Arab Republic, Mauritania and Yemen 
are excluded, the score of the Arab States 
becomes 41.64 – higher than that of Europe 
and Central Asia (40.11), which ranked second.

Tunisia scored highest (58.37) on the inputs 
pillar, but its score on the outputs pillar was 
modest (26.78). Qatar scored the highest 
(49.91) on the outputs pillar but lower on the 
inputs pillar (39.12). The United Arab Emirates, 
which topped the Arab States on the Higher 
Education Index, received similar scores on 
the outputs and quality pillar (49.31) and the 
inputs pillar (50.98), indicating high efficiency.

Results of the Research, Development 
and Innovation Index

The Research, Development and Innovation 
(RDI) Index is based on the proposition that 
to formulate effective scientific research 
and innovation policies and keep pace 
with developments in the knowledge age, 
decision makers require reliable indicators 
to measure their comparative progress 
in building the knowledge economy and 
evaluate their options for the future. The RDI 
methodology is based on diverse indicators 
and measurements that reflect the modernity 
of society and its knowledge capabilities 
through an integrated R&D system, high-
added-value knowledge-intensive industries, 
creative products, skilled human capital 
and appropriate infrastructure. The RDI 
Index consists of three pillars: research and 
development; innovation in production; and 
social innovation (Figure 13).

Results overview

The global average score on the RDI Index was 
27.36. Only 41 countries (including 31 from 
the OECD) scored higher than this average, 
while 90 countries scored below it.

The OECD countries topped the RDI Index with 
an average score of 46.22. Country scores 
ranged from 25.60 to 66.93. They also received 
the highest scores on the three main pillars 

– research and development, innovation in 
production, and social innovation. The East 
Asia and the Pacific region ranked second, 
with an average score of only 28.82. 

The ten top scoring countries on the RDI 
Index belong to the OECD. They all scored 
above 60, except for Denmark (in 10th place) 
which received 59.23. These scores are high 
compared to the global average (27.36). Four 
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Figure 13: Structure of the Research, Development and Innovation Index
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OECD countries scored close to (but below) 
the global average, while Latvia ranked 
last with a score of 25.60. The excellent 
performance of the OECD countries may 
largely be attributed to the scientific and 
technological advances they have achieved. 
However, this performance is undermined by 

a high standard deviation compared to other 
regions.

East Asia and the Pacific ranked second on the 
RDI Index, lagging behind the OECD countries. 
Markedly, this region received a high score on 
the social innovation pillar, which was largely 

Figure 14: Performance by region on the RDI Index
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Table 8: Scores by region on the RDI Index

Highest score Lowest score Standard deviationAverage score

OECD

Europe and Central Asia

East Asia and the Pacific 

Arab States

Latin America and the Caribbean

South Asia

Sub-Saharan Africa

30.23

41.09

55.71

66.93

25.58

28.03
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66.93

21.41
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4.17

3.85

14.77World



Knowledge and the Fourth Industrial Revolution | 25

responsible for its second place rank on the 
Index. Its performance may also be attributed 
to its limited number of countries (12 
countries), which include the so-called “Asian 
Tigers” – Malaysia, Singapore, Hong Kong and 
China. However, the modest performance of 
countries such as Brunei Darussalam (23.13), 
the Philippines (17.48), Cambodia (15.39) and 
Indonesia (15.23) prevented the region from 
attaining a higher rank. 

Sub-Saharan Africa received the lowest 
score on the RDI Index (17.06), which was 
well below the global average of 27.36. This 
underperformance is mainly due to the 
region’s low score on the research and 
development pillar (13.30) in comparison with 
the global average (24.91). The highest score 
in this region was on the social innovation pillar 
(25.54). GKI data indicates that the region’s low 
score on the research and development pillar 
is due to lack of inputs (11.8). In this region 
only Gambia outperformed the global average, 
scoring 28.03. This can be attributed to the 
country’s performance on the innovation in 
production pillar.

The Arab States ranked third, with an average 
score of 21.41, behind the OECD and East Asia 
and the Pacific, and below the global average 
(27.36). This may be attributed to the modest 
performance of the region on the research 
and development pillar, which scored only 
19.85, compared to 23.46 on the innovation 
in production pillar and 24.06 on the social 
innovation pillar.

As illustrated in Table 4, Saudi Arabia ranks first 
among the Arab countries (30.23), followed by 
the United Arab Emirates (28.67) and Qatar 
(28.51). All three scores are above the global 
average, but still below the OECD average.

Also of note is the modest performance 
of the Arab countries on the research and 
development pillar when compared to high-
ranking countries, which scored an average 
of 67.30. The highest score among the Arab 
counties on this pillar was 33.49 (Qatar). 

Tunisia and Lebanon scored highest among 
the non-oil producing countries, ranking 6th 

and 7th among Arab countries and 63rd and 

Figure 15: Performance by region on the RDI Index and its pillars
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65th globally. Egypt, the Syrian Arab Republic, 
Yemen and Mauritania ranked below 100 
worldwide, scoring less than 20 on the research 
and development pillar. Egypt’s score on the 
social innovation pillar was moderate and 
better than its scores on the other two pillars. 
This can be explained by modest RDI efforts 
in goods and services. Finally, the low scores 
of the Syrian Arab Republic and Yemen can be 
attributed to the prevailing economic, social, 

political and security conditions in these two 
countries, which negatively affect RDI efforts.

The scores of the Arab States illustrate the need 
for a review and revision of scientific research 
and technology policies in these countries in 
order to enhance their performance. They also 
suggest that their visions for the development 
of these areas be revisited, and a general 
restructuring of their RDI systems considered.

Table 9: Rankings of the Arab countries on the RDI Index

Tunisia 6 21.3963 15.6022.55 32.99

1 33.0536 26.9430.23 25.06

Qatar 3 33.4938 22.6028.51 19.50

Oman 9 22.5273 21.9720.84 14.67

10 13.5478 24.8920.31 36.04Bahrain

RDI Index

Algeria 5 28.0555 24.6424.76 14.97

Jordan 11 16.1886 18.1119.25 29.61

UAE 2 21.5737 44.1628.67 34.48

Egypt 12 16.17101 12.6016.50 21.42

Lebanon 7 18.4065 27.0424.44 29.95

Syria 13 10.87110 27.4314.93 14.62

Kuwait 4 18.9753 36.4925.44 33.78

Morocco 8 17.2672 26.1620.88 26.46

Yemen 14 12.70121 12.5213.67 17.75

Mauritania 15 13.55125 10.7512.21 9.66

Regional

Rank

RDI Index
Research and 
development 

pillar

Innovation in 
production 
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Social 
innovation 
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Results of the Information and 
Communications Technology Index

The ICT Index was designed using tools and 
methodologies employed by existing local 
and international studies, and was based 
on the concepts adopted by international 
organisations and agencies concerned with 
measuring and evaluating the performance 
of the ICT sector. As shown in Figure 16, the 
ICT Index consists of two pillars: 1) ICT inputs, 
which comprises everything provided by 
the state to support this sector; and 2) ICT 

outputs, which reflects usage by individuals, 
government and businesses and its impact 
on development. Each pillar has a number of 
sub-pillars which are relevant to the sector.

Results overview

The global average score on the ICT Index 
component of the Global Knowledge Index 
2017 was 51.14, with 66 countries scoring 
above this average and 65 countries scoring 
below it. Table 5 shows the countries with the 
highest and lowest scores on the ICT Index.

Figure 16: Structure of the ICT Index
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Markedly, nine of the top 10 highest scoring 
countries on the ICT index are OECD countries 

– the additional country being Singapore, 
which ranked seventh. Luxembourg led the 
index with a score of 81.97. It may be noted in 
this context that the OECD countries tend to 
have similar policies regarding the integration 
of ICT into their societies. The scores on the 
ICT index of Togo, Burundi, Yemen, Cameroon 

and Mali were the lowest and ranged between 
16.40 (Togo) and 24.97 (Mali).

Figure 17 reveals significant differences 
among regions. The OECD countries lead the 
ICT index, followed by East Asia and the Pacific, 
Europe and Central Asia – all of which scored 
above the world average. The Arab States, 
South Asia, Sub-Saharan Africa, and Latin 

Table 10: Countries with the highest and lowest scores on the ICT Index
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America and the Caribbean scored below the 
world average (51.14).

The average score of the OECD countries was 
69.62, with none of them scoring below the 
global average (51.14); country scores on the 
ICT index ranged between 52.56 (Mexico) and 
81.97 (Luxembourg).

The regional average for East Asia and the 
Pacific was 52.62, which is above the world 

average. the Philippines, Mongolia, Viet Nam, 
Indonesia, Cambodia and Myanmar scored 
below the world average. Singapore tops 
the region with a score of 77.95, followed 
by Hong Kong (75.35), and their scores are 
relatively comparable to the performance of 
the OECD countries.

The regional average for Europe and Central 
Asia is 52.37, with individual countries scoring 
between 25.15 (Tajikistan) and 71.29 (Malta). 

Figure 17: Average scores on the ICT Index by region

Table 11: Breakdown of scores on the ICT Index by region
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Most of the countries in these regions scored 
slightly below the world average and eight 
countries scored below the global average.
As for the remaining regions, the Arab States 
scored 47.69; Latin America and the Caribbean 
scored 45.22; South Asia scored 38.36; and 
Sub-Saharan Africa scored 33.90. It is worth 
noting that in the Arab States the United Arab 
Emirates, Bahrain and Qatar scored above 
65, and were ranked in the top 30 on the ICT 
Index as a whole. Uruguay leads the Index 
in Latin America and the Caribbean with a 
score of 58.18, while Mauritius tops the Sub-
Saharan African region with a score of 55.64. 
No country scored above the world average 
in South Asia and only two countries out of 27 

– Mauritius and the Seychelles – exceeded the 
world average in the Sub-Saharan Africa.

Looking at the detailed scores for each region, 
it is clear that the Arab States and East Asia 
and the Pacific reflected the greatest disparity 
between countries, with more than 48 points 
separating the maximum and minimum 
values scored. 

The results of the OECD countries are 
comparable to each other and outperform 
those of other regions, whereas the 
homogeneity among Sub-Saharan African 
countries is the result of the poor performance 
of all the countries in this region except for 
Mauritius. 

An analysis of the pillars of the ICT index reveal 
that the leading countries are from the OECD, 
with very few countries – namely Singapore 
and Hong Kong from East Asia and the Pacific, 
and Malta from Europe and Central Asia – 
making it into the top 10.

All regions scored markedly higher on the ICT 
inputs pillar than they did on the ICT outputs 
pillar, indicating low efficiency in the ICT sectors 
of each region, with a gap of 16.95 between 
inputs and outputs in South Asia. Sub-Saharan 
Africa scored the lowest on both pillars. The 
Arab States scored higher than South Asia and 
Sub-Saharan Africa on the ICT inputs pillars, and 
outperformed South Asia, Sub-Saharan Africa 
and Latin America on the ICT outputs pillar.

Figure 18: ICT inputs and outputs by region
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Table 12: Highest-scoring countries on the ICT inputs pillar
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Switzerland OECD88.70

Hong Kong East Asia and the Pacific  83.14
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Country ICT Index Region

Table 13: Highest-scoring countries on the ICT outputs pillar 
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Luxembourg leads on the ICT inputs pillar 
(96.08) followed by Iceland (90.56); whereas 
Sweden tops the ICT outputs pillar (79.38), 
followed by the Republic of Korea (78.72). 

Table 11 shows that the average score in the 
Arab States (47.69) is below the global average 
(51.14), and that only six countries (all from 
the GCC except Jordan) scored higher than the 
world average. The high standard deviation of 
14.21 in the Arab States can be attributed to the 
differences in the economic and technological 
conditions in these countries. The GCC 

countries topped the region, with the United 
Arab Emirates, Bahrain and Qatar ranking 23th, 
27th and 29th, respectively, at the global level. 
The high score of Jordan is the result of the 
increasing competitiveness of the ICT sector, 
which has led to a higher ICT price basket.

Bahrain scored the highest on the ICT inputs 
pillar and the United Arab Emirates topped 
the ICT outputs pillar. The Arab countries 
generally performed better on the inputs pillar 
than they did on the outputs pillar – except 
for the United Arab Emirates, the Syrian Arab 

Figure 19: ICT scores of the Arab countries
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Republic and Qatar. Countries suffering from 
conflict and unrest – such as the Syrian Arab 
Republic and Yemen – scored low on the ICT 
inputs pillar.

Results of the Economy Index

The Global Knowledge Index is based on the 
concept that knowledge is a key driver of 
sustainable development and both wealth 
and job creation across the economic, 
industrial, agricultural and service sectors. 
Unlike traditional concepts based on the 
abundance of economic resources, the 
knowledge economy is founded primarily 

on the qualification of human resources and 
the provision of adequate knowledge tools 

– including digital and technological assets 
and innovative and creative skills. Investment 
in knowledge can contribute to increased 
productivity, factors of production and returns, 
while the resultant economic growth can 
contribute to a country’s knowledge capacity. 

The Economy Index comprises three pillars 
(knowledge competitiveness, economic 
openness, and financing and value added) and 
variables were chosen to ensure consistency 
with these pillars and the nature of the global 
economy (Figure 21). 

ICT outputs pillar ICT inputs pillars
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Figure 20: Arab countries’ scores on the ICT inputs and outputs pillars 
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Results overview

The global average score on the Economy 
Index was 45.27. Singapore ranked first with 
an exceptional score of 76.04, followed by the 
United Arab Emirates with 66.86. 

The OECD countries outranked the other 

regions of the world with an average score of 
54.85 and a standard deviation of 5.70. Country 
scores ranged from 40.51 (Greece) to 65.52 
(Luxembourg, which ranked third globally). 
Switzerland scored 65.30 and ranked fifth in 
the world. All OECD countries outperformed 
the global average except for Greece, which 
ranked 89th globally.

Figure 21: Structure of the Economy Index
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East Asia and the Pacific scored 50.98, which 
is 5.71 points higher than the global average 
score. It had the biggest standard deviation of 
any region (11), which can be explained by the 
fact that two of the region’s countries were 
among the top five globally: Singapore, which 
ranked first (76.04), and Hong Kong (65.38), 
which ranked third. Two countries from 
this region, however, received particularly 
low scores: Mongolia (38.81) and Myanmar 
(37.60), ranking 97th and 103rd, respectively, in 
the world.

Europe and Central Asia scored an average 
of 44.46, which is close to the global average. 
Its country scores were consistent, ranging 
between 33.53 (Tajikistan) and 50.54 
(Lithuania), except for Malta which scored 
61.67 and ranked eighth globally.

Latin America and the Caribbean, South 
Asia and Sub-Saharan Africa had the lowest 
average scores of 39.36, 38.69 and 36.61, 
respectively, with small standard deviations 

– the smallest being for South Asia (1.94).

The global average score on the knowledge 
competitiveness pillar of the Economy Index 
(52.17) was higher than those of the economic 
openness (36.05) and financing and value 
added (40.67) pillars. All regions scored 
highest on the knowledge competitiveness 
pillar, followed by the financing and value 
added pillar and the economic openness 
pillar. Singapore topped the knowledge 
competitiveness pillar with a score of 77.28, 
while the United Arab Emirates ranked first 
on the economic openness pillar with a score 
of 78.52.

127

1 76.04Singapore

Venezuela 28.85128

2 66.86UAE

30.01Mali

26.84

3 65.52Luxembourg

26.35130 Angola

26.15131 Yemen

5 65.30Switzerland

Country Economy Index Region

129 Burundi

4 65.38Hong Kong

Rank

Table 14: Highest and lowest scores on the Economy Index
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Figure 22: Regional scores on the Economy Index
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Switzerland received the highest score on 
the financing and value added pillar (73.94); 
Yemen ranked last on the knowledge 
competitiveness pillar; and Mauritania ranked 
last on both the economic openness and 
financing and value added pillars.

As shown in Figure 22, the Arab States 
scored 1.34 points below the global average 
but outperformed Sub-Saharan Africa; Latin 
America and the Caribbean; and South Asia. 
This is logical given that most Arab countries 
rank higher than their counterpart in those 
regions in terms of global competitiveness, 
trade openness and creative economy. It was 
also to be expected that the OECD countries 
and the East Asia and the Pacific region 
would rank higher than the Arab States, 
given their competitive structures, economic 
openness and levels of contribution to 
international trade.

The average score of the Arab States was 43.93. 
Country scores varied, as shown in Table 15, 
with a standard deviation of 9.24. Bahrain, 
Jordan, Kuwait Lebanon, Oman, Qatar and 
the United Arab Emirates outperformed the 
regional average score, while the scores of 
Mauritania and Yemen were particularly low. 
The United Arab Emirates ranked second 

globally, scoring 66.86 on the Economy 
Index and outperforming both the global 
average score (by more than 20 points) and 
the average score of the Arab States (by 
even more). Yemen ranked last with a score 
of 26.15.

There were clear disparities in the scores 
of the Arab States at the pillar level (Figure 
25). The United Arab Emirates ranked first 
among countries of the region on all three 
pillars, while Yemen and Mauritania scored 
very poorly. Disparity was also evident at 
the global level – the United Arab Emirates 
ranked first on the economic openness pillar 
and Mauritania ranked last. Mauritania also 
ranked last on the financing and value added 
pillar, and Yemen came last on the knowledge 
competitiveness pillar.

As shown in Figure 23, the scores of all the Arab 
countries on the knowledge competitiveness 
pillar were higher than their respective scores 
on other pillars, with an average score of 
50.63 and country scores ranging from 31.93 
to 64.63 – except for the United Arab Emirates, 
which scored the highest on the economic 
openness pillar (78.52). The average score of 
the Arab States on the economic openness 
pillar was 34.12, with country scores ranging 

76.04 50.98 37.60 11

66.86 43.93 26.15 9.24

65.52 54.85 40.51 5.70

48.45 39.36 28.85 3.99

42.02 38.69 36.29 1.94

61.67 44.46 33.53 5.49

Highest score Lowest scoreAverage score

52.09 36.61 26.35 5.90

OECD

East Asia and the Pacific 

Europe and Central Asia

Latin America and the Caribbean

Arab States

Sub-Saharan Africa

South Asia

76.04 45.27 26.15 9.64

Standard deviation

World

Table 15: Regional scores on the Economy Index
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Figure 24: Scores of Arab countries on the Economy Index
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from 13.88 to 78.52. All countries in the 
Arab States scored higher on the financing 
and value added pillar than they did on the 
economic openness pillar, except for the 
United Arab Emirates, Algeria and Mauritania. 
The average score for the region on this pillar 
was 40.36, with individual country scores 
ranging from 13.27 to 59.67.

Results of the General Enabling 
Environment Index

Those components relating to the general 
enabling environment in the six sectors of the 
GKI were grouped under a single separate 
index. Considering their multi-contextual 
dimensions, three main pillars were devised 

Figure 26: Structure of the General Enabling Environment Index
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for the General Enabling Environment (GEE) 
Index – political and institutional; socio-
economic; and health and environment 
(Figure 26) – which cut across and influence all 
the other sectoral indices.

Results overview

The global average score on the GEE Index 
was 62.45, with a standard deviation of 11. 
Country scores ranged from 31.96 to 85.27. 

Sub-Saharan Africa41.43129

Norway2 OECD85.25

Iceland1 OECD85.27

Arab States41.92Syria127

Denmark OECD5 81.19

South Asia41.73128 Pakistan

Sweden OECD3 83.75

OECD4 83.23Switzerland

Mali Sub-Saharan Africa38.73130

Arab States31.96Yemen131

Rank Country GEE Index Region

Figure 27: Regional performance on the GEE Index
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The eight highest-scoring countries on the 
Index belonged to the OECD, while those 
countries with the lowest scores were from 
Sub-Saharan Africa, the Arab States and South 
Asia (Table 16).

 As shown in Figure 27 and Table 17, the OECD 
countries topped the list with an average 
score of 74.78 and a standard deviation of 
6.59. Iceland ranked first globally (85.27), 
followed by Norway (85.25). Turkey scored 
the lowest among the OECD counties (53.48), 
ranking 106th globally. Turkey was also the 
only OECD country to score lower than the 
global average (by 8.97 points).

The East Asia and the Pacific region ranked 
second with a score of 64.38 and slightly 
higher than the global average. Singapore 
(80.44) topped the region and ranked eighth 
in the world. Myanmar ranked last in the 
region and 104th in the world with a score of 
53.91. Seven countries scored higher than the 
global average, while five scored below it.

The average score for Europe and Central Asia 
was 62.72, which is very close to the global 
average. Lithuania ranked first in the region 
and 24th in the world, while Iran ranked last in 
the region and 118th globally.

Table 17: Regional scores on the GEE Index

Highest score Lowest scoreAverage score
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Table 18: Global scores on the GEE Index and its pillars
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Latin America and the Caribbean scored 1.04 
points below the global average and Uruguay 
(73.28) topped the region, ranking 25th in the 
world. The Bolivarian Republic of Venezuela 
ranked last in the region and 102nd globally 
but outperformed Turkey, which belongs to 
the OECD.

Both Sub-Saharan Africa and South Asia 
received modest average scores (53.03 and 
52.36, respectively). In the former, only three 
out of 27 countries scored higher than the 
global average, while all countries in South 
Asia scored below the global average. Côte 
d’Ivoire and Mali from Sub-Saharan Africa 
ranked 129th and 130th globally, scoring 41.43 
and 38.73, respectively. Pakistan, from South 
Asia, ranked 128th in the world.

Table 18 and Figure 27 clearly show that the 
OECD countries topped all of the pillars on 

the Index, and that all regions of the world – 
without exception – scored their highest on 
the health and environment pillar, where the 
global average was 76.61 and regional scores 
ranged between 66.80 (Sub-Saharan Africa) 
and 82.33 (OECD). Sweden scored the highest 
(88.21) and Angola the lowest (38.35).

Global average scores on the political and 
institutional pillar and the socio-economic 
pillar were almost equal (56.82 and 56.06 
respectively). Country scores on the political 
and institutional pillar were widely dispersed, 
with a standard deviation of 18.70, compared 
to 11 for the GEE Index as a whole. New 
Zealand scored the highest (94.79) on this 
pillar, followed by Switzerland (94.26), Norway 
(92.80) and Finland (92.33).

The scores of the Arab States were the most 
dispersed, with a standard deviation of 9.49. 

Figure 28: Regional performance on the GEE Index and its pillars
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They averaged 53.88 and ranged between 
31.96 (Yemen, which ranked last globally) 
and 70.37 (Qatar, which ranked first in the 
region and 36th globally). Only two out of 15 
countries outperformed the global average 

– Qatar and the United Arab Emirates. The 
latter scored 66 and ranked 46th in the world. 
Markedly, eight of the Arab countries ranked 
lower than 100th in the world. Mauritania, the 
Syrian Arab Republic and Yemen ranked very 
low (124th, 127th and 131st, respectively) with 
scores of 43.94, 41.92 and 31.96.

The Arab States performed very poorly on 
the political and institutional pillar, with 
an average score of 45.41, which is 11.41 
points below the global average and the 
second lowest regional score after South Asia 

(45.11). Yemen and the Syrian Arab Republic 
scored the lowest globally (10.49 and 6.20, 
respectively). The United Arab Emirates 
scored 73.57 and ranked 29th in the world.

The Arab States performed modestly on the 
socio-economic pillar, scoring an average of 
47.04 compared to a global average score 
of 56.06. Yemen ranked last (19.45). As for 
the health and environment pillar, the Arab 
States received the second lowest score 
(71.39); Tunisia ranked first in the region and 
46th globally, followed by Morocco (78.27) 
in 71st place and Lebanon (78.10) in 74th. 
Kuwait (62.94) and Mauritania (61.56) ranked 
last in the Arab States and 122nd and 123rd, 
respectively, in the world.
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Section two: 
Results of the analytical studies
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The efficiency of education and 
research systems in preparing 
human capital

Efficiency is a key indicator of each sector’s 
performance and progress in fulfilling its 
role in achieving development. Efficiency 
is strongly related to quality – although it 
is often confused with effectiveness, which 
describes the achievement of desired 
results. Efficiency means maximising the 
outputs derived from available resources; 
it describes the quantity of inputs used as 
a proportion of the quantity of outputs 
delivered. Hence, the efficiency of any sector 
or institution is determined by its ability to 
strike a positive balance between resources 
and results.

The efficiency of educational and research 
systems directly responsible for the 
preparation and qualification of human 
capital is highlighted here via an analysis of 
the following areas revealed by the results 
of the Global Knowledge Index:

–  the links between quantitative and 
qualitative aspects, and between inputs 
and outputs in the performance of the 
pre-university education system; 

–  the link between the inputs and outputs 
of the higher education system;

–  the performance of the TVET system in 
relation to labour market, economic and 
human capital requirements; and

–  the productivity of the RDI system.

Pre-university education: Multiple 
gaps

The results of the Pre-university Education 
Index reveal several imbalances that may 
explain – to a large extent – the weak 
performance of this sector in many countries 
around the world, including the Arab countries. 
We will discuss two of these imbalances in 
particular: discrepancies between quantitative 
and qualitative results, and between inputs 
and outputs.

The quantitative-qualitative gap

A comparison of scores on the sub-pillars of 
the knowledge capital pillar shows a striking 
gap between the completion sub-pillar and 
the outcomes sub-pillar. The gap was 4.49 
points in the OECD countries and 14.73 in East 
Asia and the Pacific, compared to 40 points in 
the Arab States. 

In order to determine the importance and 
significance of this gap, an efficiency indicator 
was computed by dividing the score on the 
outcomes sub-pillar by that on the completion 
sub-pillar, as the efficiency of any educational 
system is determined by the balance between 
its quantitative and qualitative performance, 
i.e. between levels of successfully completed 
education and their recipients’ possession of 
target skills. When this calculated value is equal 
to or greater than 1, it indicates the system’s 
efficiency and achievement in a qualitative 
sense. The results confirm the presence of a 

Table 19: Efficiency of educational systems in balancing completion and outcomes

Arab States South Asia  OECD Europe and 
Central Asia

East Asia and 
the Pacific 

Sub-Saharan 
Africa

Average score

Latin America 
and the 
Caribbean

0.48 0.97 0.80 0.72 0.47 - 0.15 0.76
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gap – of varying importance – between the 
degree of efficiency achieved in each region 
and the desired level of efficiency (Table 19). 

The results show low efficiency in the Arab 
States, which in turn raises the problem of 
the effectiveness of the educational system in 
the region and how it is being measured. The 
above results also clearly reveal a discrepancy 
between the performance of the educational 
system when evaluated based on the ratio of 
students who graduate from one educational 
level to another and successfully complete all 
levels, and its performance when assessing 

their possession of the knowledge and skills 
required at each level. This means that many 
students complete each level of education 
successfully without acquiring target skills, 
and that necessitates a reconsideration 
of the education methods employed and 
particularly the evaluation methods in place 

– which apparently do not accurately reflect 
student progress, especially in relation to the 
qualitative aspects of learning.

Similarly, the comparison between the Arab 
countries revealed a gap of more than 60 
points between completion and outcomes 

Figure 29: Scores of the Arab States in relation to components of the knowledge capital pillar
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in Kuwait, Saudi Arabia and Yemen; around 
50 points in the United Arab Emirates, Egypt, 
Algeria, Jordan, Morocco and Oman; and about 
20 points in Lebanon, Qatar, Bahrain and 
Tunisia. It should be noted here that narrow 
gaps between many countries – both in the 
Arab States and beyond – are not attributable 
to high scores on the outcomes sub-pillar, but 
rather to low scores in both the completion 
and outcomes sub-pillars (Figure 29).

The efficiency ratio confirms the significant 
gap among Arab countries in terms of 
the qualitative aspect of their educational 
systems; they are all still far from the minimum 
required level of efficiency, albeit some are 
closer than others. With the exception of 
special cases such as Mauritania and the 
Syrian Arab Republic, we notice significant 
differences among the Arab countries in 
terms of outcomes despite their convergence 
in terms of completion. The efficiency ratio in 
the Arab States effectively ranged between 
0.26 and 0.64, but the significance of these 
figures depends on two conditions:

–  The level of performance on both sub-pillars  
(completion and outcomes) should be 
taken into consideration when calculating 
efficiency. A high efficiency ratio that 
results from low scores on both sub-pillars 
is meaningless, as in the case of the Syrian 
Arab Republic, which has an efficiency score 
of 1.12 while its performance in terms of 
both completion and outcomes is less than 
30, with a slightly higher score in outcomes;

– Efficiency ratios must be considered in 
relation to performance on the completion 
sub-pillar; i.e. comparison should be 
made between countries with converging 
performance on the completion sub-pillar 
to eliminate gaps in starting points and 
produce a more realistic reading. In this 
context, the comparison revealed the 
following two trends:

•  There are groups of countries that 
converge in terms of their level of 
completion but vary in efficiency – 
such as the United Arab Emirates and 
Oman, which have close scores when 
it comes to completion (96.62 and 
92.61, respectively) but vary in terms 
of efficiency (0.52 and 0.41). The same 
applies for Bahrain and Morocco, which 
have almost equal scores for completion 
(76.16 and 77.24, respectively) but vary in 
terms of efficiency (0.64 and 0.31). 

•  Convergence in both completion and 
efficiency, as in the case of Jordan, Saudi 
Arabia and Kuwait – with scores over 80 on 
the completion sub-pillar and 0.38,  0.26 
and 0.32, respectively, on the efficiency 
ratio. The same goes for Tunisia and 
Lebanon, where the completion scores 
were above 50, and efficiency scores 
were 0.52 and 0.56, respectively. 

This comparison and others should be 
considered as signals urging states to think 
more deeply about the factors that allow 
certain education systems to achieve higher 
quality outcomes than their counterparts 
that are comparable in terms of quantity 
(e.g. the number of students who complete 
educational levels successfully). Such a 
process may allow states to extract lessons 
for improving the quality of learning, as well 
as levels of enrolment and completion. In this 
regard, a report issued in 2018 by the World 
Bank7 states that: 

Schooling is not the same as learning […]. 
Schooling without learning is a wasted 
opportunity. More than that it is a great 
injustice: the children whom society is failing 
most need a good education to succeed in life. 
[…] A real education – one that encourages 
learning – is a tool for promoting both shared 
prosperity and poverty elimination. 
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In this regard, we refer to a report issued by 
UNESCO in 2017 entitled ‘More than One-Half 
of Children and Adolescents are not Learning 
Worldwide’,8 which states that: ‘more than 
617 million children and adolescents are not 
achieving minimum proficiency levels (MPLs) 
in reading and mathematics’. It goes on to 
indicate that the most neglected areas are 
Sub-Saharan Africa, Central and Southern 
Asia, and Western Asia and Northern Africa.

Studies of the causes of this inequality indicate 
that poorer countries are most vulnerable to 
not benefitting sufficiently from education 
owing to several factors, the most important 
of which is that many children are not fit to 
learn because of malnutrition, illness, lack of 
parental care or lack of qualified teachers. It 
should be noted that there is a significant lack 
of national and even international data on the 
quality of the teaching process and learning. 
It is still not sufficient to measure the quality 
of teaching and learning based on data such 
as enrolment and completion figures, literacy 
rates, basic reading and numeracy skills, and 
knowledge in various disciplines traditionally 
assessed using standardised tests. This is 
because such data does not measure quality 
aspects of learning such as personal skills, 
daily life skills, values, attitudes and behaviour 
patterns that are essential for quality education. 
In this regard, international organisations 
have sought to create a Global Alliance to 
Monitor Learning, with the objective to build 
a common learning scale that governs how 
knowledge and skills develop, and improve 
learning outcomes by supporting national 
strategies for learning assessments. This 
effort, focused on developing internationally-
comparable indicators and methodological 
tools, will be important to measure progress 
towards the key targets of Sustainable 
Development Goal 4.9

 
For this purpose, the international student 
tests offered through PISA,10 TIMSS and 

PIRLS11 were used. In the absence of other 
sources that provide reliable indicators for 
educational outcomes, these international 
studies constitute an essential source of 
data for governments and international 
organisations. Their results are important 
indicators of the quality of education and are 
cited in most international reports dealing 
with education issues.12 However, despite 
their importance, they remain insufficient 
because they highlight specific skills (literacy, 
mathematics and science) and cognitive 
aspects in particular, whilst excluding many 
other skills and learning outcomes that are 
equally important; this increases the need 
for additional qualitative indicators. From this 
perspective, the efficiency ratio calculated 
based on the data of the Pre-University 
Education Index is an important addition 
to the resources used in the diagnosis of 
qualitative gaps related to educational gains.

Box 2: From ‘out of school’ to ‘children 
not learning’

In some ways, the number of out-of-school 
children (or its effective complement, 
the NER) became the de facto flagship 
indicator during the EFA and MDG era. 
The most visible change in the Education 
2030 and SDG era is the stronger explicit 
focus on education quality. In practice, for 
monitoring purposes, this is increasingly 
interpreted in terms of learning outcomes. 
The most obvious way to extend the notion 
of OOSC to serve as a CIE for the new 
agenda is therefore to focus on reducing 
the number of children who are either not 
in school or not learning.

Source: United Nations Educational Scientific and 

Cultural Organization, Institute for Statistics, 2017a.
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The input-output gap

This section explores the relationship between 
the knowledge capital pillar, as an output of 
the educational system, and the educational 
enabling environment pillar, as a necessary 
input of the education process, to determine 
the extent to which educational systems can 
utilise their inputs and transform them into 
outputs with the highest effectiveness. In this 
respect, the scores in Table 20 show a common 
trend among all regions (except Southern 
Asia). Scores on the educational enabling 
environment pillar are higher than scores on 
the knowledge capital pillar, with varying gaps 
from one region to another. The Europe and 
Central Asia region exhibited the biggest gap, 
whilst the OECD countries and the East Asia 
and the Pacific region had the smallest gaps. If 
these last two regions rank highly on the Pre-
University Education Index, we can conclude 

that the effectiveness of educational systems 
requires not only enabling factors, but also 
the ability to utilise them to achieve expected 
outputs, which means that a high score on the 
educational enabling environment pillar is an 
important indicator, but its significance is not 
guaranteed unless it is accompanied by an 
equally high score on the knowledge capital 
pillar.

In order to determine the efficiency of the 
educational enabling environment as an 
essential dimension of learning system 
outputs, an efficiency ratio was calculated on 
the same basis used to calculate the relation 
between outcomes and completion (dividing 
the score on the knowledge capital pillar 
by the score on the educational enabling 
environment pillar and seeing how close or far 
the result was from 1, which is the minimum 
desired result).  
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The results confirmed that there were 
statistically significant gaps between regions 
in terms of their utilisation of the educational 
enabling environment. The lowest efficiency 
was scored by Sub-Saharan Africa, and Latin 
America and the Caribbean. The efficiency 
score of the Arab States did not exceed 0.63, 
which is 0.37 from the reference point (1); 
this is a statistically significant difference that 
confirms the gap between the Arab States on 
the one hand and the OECD and East Asia and 
the Pacific on the other (Table 20).

When analysing the results of the Arab States, 
we note that the United Arab Emirates – 
which ranks highest on the Pre-University 
Education Index – leads Arab countries in 
balancing between the knowledge capital 
and educational enabling environment 
pillars (scoring 68.27 and 73.36 respectively). 
There is a clear imbalance (high score on 
the educational enabling environment pillar 
and low score on the knowledge capital 
pillar) in the case of Lebanon, with a gap of 
around 42 points, and Algeria, with a gap of 
around 21 points. The opposite is seen in 
Oman and Yemen, with scores higher on the 
knowledge capital pillar (gaps of 23.27 and 
10.40 respectively). Both cases require an 
in-depth understanding of the reasons that 
led to a result below the available level of 
empowerment in the first case, and a result 
above the available enabling factors in the 
second case.

As for the efficiency ratio, it confirms the 
difficulties faced by Arab countries in enabling 
students to acquire target skills, despite the 
availability of adequate enabling conditions. 

This is evident when comparing groups of 
countries with convergent scores on the 
educational enabling environment pillar. 
Significant gaps were observed among 
countries within a single group. For example, 
the scores of Kuwait, the United Arab 
Emirates and Lebanon were almost equal on 
the educational enabling environment pillar 
(70.29, 73.36 and 76.99, respectively), but 
varied in terms of efficiency (0.84, 0.93 and 
0.46, respectively). The same applies in the 
case of Saudi Arabia, Jordan, Morocco and 
Tunisia, all of which had comparable scores on 
the educational enabling environment pillar 
(50.40, 57.15, 58.58 and 59.44, respectively), 
but varied in terms of efficiency (0.93, 0.88, 
0.78 and 0.75, respectively).

There is no doubt that the educational 
enabling environment is an essential element 
that must be fully considered when developing 
education policies or reform strategies. 
Therefore, the United Nations adopted it 
as a goal of education in the 2030 Agenda 
for Sustainable Development. Goal 4(a) is to 
‘Build and upgrade education facilities that 
are child, disability and gender sensitive 
and provide safe, non-violent, inclusive and 
effective learning environments for all’.13 This 
highlights the role of the educational enabling 
environment in either facilitating or hindering 
the process of teaching and learning. 

The findings of the present study, showing 
higher level of inputs related to the educational 
environment, draw attention to the fact that 
there is a problem in utilising these inputs (i.e. 
at the level of processes). This is the missing 
link in the Pre-University Education Index and 

Table 20: Efficiency of educational systems in balancing knowledge capital and the 
educational enabling environment

Arab States South Asia  OECD Europe and 
Central Asia

East Asia and 
the Pacific 

Sub-Saharan 
Africa

Average 

Latin America 
and the 

Caribbean

0.48 1.10 0.99 0.70 0.45 - 0.24 0.84
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in all other indicators, which is the result of 
a lack of objective, reliable data. Apart from 
the information gathered using surveys that 
are based on statements and perceptions, 
there is no other data to help address the 
reality of practices in classrooms and schools; 
the perceptions of students, teachers and 
principals remain, despite their caveats, the 
only source for judging processes and the 
overall educational climate.14 It may be time, 
therefore, to establish an alliance or an 
international body to develop systematic tools 
and mechanisms that will help bridge the 
data gap in relation to what is actually going 
on in the field of education assessment and 
management practices.

Higher education: Imbalances 
between inputs and outputs

Decision makers and researchers have 
devoted increasing attention to the efficiency 
of the higher education sector; this relates 
to the production process of the sector and 
the ability of its institutions to achieve their 
objectives in a given country. However, this 
term (efficiency) has many complexities when 
put into practice in the context of educational 
institutions, considering the fact that the 
latter do not generally operate within a 
framework of market competition, as private 
businesses do.  

Also, it is difficult to measure efficiency in 
higher education. Although some studies 
use student performance, graduation rates 
or years of study as criteria, these standards 
are not fully controlled or managed by 
higher education institutions. Rather, they 
are influenced by factors beyond the control 
of the higher education sector, such as 
economic and cultural family considerations, 
peer influence, availability of enrichment 
opportunities in the community, etc. 
Furthermore, this method of measurement 
assumes that student performance or 

graduation rates equate to the same learning 
in each educational system in each country, 
which is not true. These criteria measure the 
degree obtained or the years of schooling 
rather than actual learning.
 
Current research indicates that higher 
education institutions show various signs 
of inefficiency.16 This may be manifested in 
a decline in the outputs of higher education 
compared to its inputs. Some suggest 
this decline is linked to the quality of the 
educational system in general, and that it is 
more common in the educational systems 
of developing countries than in developed 
countries. However, research shows otherwise;  
the decline in the outputs of higher education 
compared to its inputs is sometimes less 
in developing countries than in developed 
countries.17 In other words, higher education 
systems in some developing countries may 
benefit from their inputs more than similar 
systems in developed countries do. 

Therefore, the efficiency of the higher 
education sector globally, as well as in 
different regions, may be measured by 
comparing the value of the higher education 
outputs and quality pillar with the value of the 
higher education inputs pillar and answering 
the following questions: does the data of the 
Higher Education Index indicate a decline in 
the efficiency of the sector when measuring its 
outputs against inputs? Are there exceptions 
to this hypothesis? And if so, why? 

To study the efficiency of the higher education 
sector, a corresponding ratio is calculated by 
dividing the values of the higher education 
outputs and quality pillar by the values of 
the higher education inputs pillar and by 
considering the significance of any difference 
from 1 onwards – this being the minimum 
expected efficiency wherein the value of 
outputs is equal to or higher than the value of 
inputs (Table 21).
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These results indicate a decrease in the efficiency 
ratio of the higher education sector below one 
(1) at the global level and in the Arab States, 
Latin America and the Caribbean, and Sub-
Saharan Africa. Looking at other regions such as 
the OECD, East Asia and the Pacific, and Europe 
and Central Asia, we find that their efficiency 
ratios exceed a statistically significant 1. Thus, it 
appears that the higher education sector may 
be considered inefficient in four of the seven 
regions. 

In the Arab States, the average score did not 
exceed 42 on the higher education inputs pillar 
and 33.32 on the outputs and quality pillar – a 
drop of more than eight points between inputs 
and outputs. The only exceptions were Bahrain 
and Qatar; their outputs (47.17 and 49.91, 
respectively) were higher than their inputs 
(26.17 and 39.12 respectively). The highest 
differences between inputs and outputs can 
be seen in the scores of Oman, Morocco and 
Tunisia (Figure 31). 

Overall, the results indicate that the higher 
education sector of most Arab countries are 
inefficient, and that significant disparities exist 
between them. The efficiency ratio was higher 
than 1 in Bahrain (1.80) and Qatar (1.28). It was 
close to the desired level in Algeria (0.90) and the 
United Arab Emirates (0.97). Yemen ranked last 
on the Higher Education Index, with an average 
score of 16.17; it is not possible to examine 
efficiency in this case because the values of both 
pillars are very low (inputs 16.81 and outputs 
15.70). Egypt, Morocco and Saudi Arabia also 
scored poorly on the efficiency ratio (0.72). The 
effectiveness ratio of Mauritania, Oman and 
Tunisia were all less than 0.50 (Table 22).

Based on the data used in the Higher Education 
Index, we found that one of the most important 
reasons behind the high efficiency of the 
higher education sector in Bahrain, Qatar 
and the United Arab Emirates is their high 
scores on two sub-pillars of higher education 
outputs and quality, namely: competency of 
students and employment after graduation. 
These countries scored 82.82, 83.33, 83.33, 
respectively on the competency of students 
sub-pillar. Bahrain and Qatar scored 52.88 and 
62.96, ranking top among the Arab countries 
on the employment after graduation sub-
pillar. This may also explain the relatively high 
score on system efficiency in Kuwait (0.86); it 
scored 83.33 on the competency of students 
sub-pillar but scored much lower (29.40) on 
the employment after graduation sub-pillar. 
In contrast, the scores of Oman, Morocco and 
Tunisia were low on both sub-pillars. 

It is important to note that when comparing 
efficiency ratios, one should also take into 
account scores on the higher education inputs 
pillar; it is not possible to compare outputs or 
efficiency if there are differences in inputs. 
Rating on the basis of the inputs pillar shows 
two different trends.

-  Two countries, Lebanon and Kuwait, have 
close scores in terms of inputs and efficiency, 
scoring 47.92 and 43.66, respectively, for 
inputs and 0.81 and 0.86 for efficiency.

-  Some countries converge in their inputs but 
vary in their efficiency. Examples include 
Tunisia and the United Arab Emirates (58.37 
and 50.98, respectively, in inputs versus 
0.46 and 0.97 in efficiency), Saudi Arabia 

Arab States South AsiaOECD Europe and 
Central Asia

East Asia and 
the Pacific 

Sub-Saharan 
Africa

Average 

Latin America 
and the 

Caribbean

0.83 1.12 1.08 1.02 0.77 0.98 0.64 0.92

World

Table 21: Higher education efficiency scores across regions
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and Oman (47.98 and 48.94, respectively, 
in inputs versus 0.72 and 0.49 in efficiency), 
and Jordan and Egypt (53.12 and 52.86, 
respectively, in inputs versus 0.82 and 0.65 
in efficiency).

This confirms the differences between the 
Arab countries in terms of their ability to utilise 
their inputs and maximise their returns. The 
experiences of countries that have succeeded in 
achieving the highest degree of efficiency should 
to be highlighted in order to learn from them.

Country

38.32

45.38

40.15

40.05

40.14

34.39

47.64

21.64

16.76

16.17

42.10

40.30

Higher Education Index

42.52

50.01

36.95

38.74

1.80

1.28

0.86

0.46

0.90

0.49

0.82

0.77

0.44

0.93

0.65

0.72

Efficiency ratio

0.81

0.97

0.83

0.58

Arab States

Yemen

Algeria

Tunisia

Oman

Morocco

Syria

Bahrain

UAE

Qatar

Mauritania

Egypt

Kuwait

Jordan

Lebanon

Table 22: Scores of Arab countries on the efficiency ratio
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Technical and vocational education 
and training (TVET): Out of step with 
the labour market, the economy and 
human capital requirements

International experiences in the TVET 
sector vary depending on the history and 
development of each country, as well as the 
nature of the constraints that characterise their 

economies, demographic structures and the 
needs of their populations. The key constraint 
noted when examining the data from the GKI 
on this sector is primarily economic and relates 
to the structure of production and the ability 
of the state to provide a dynamic economic 
environment that absorbs graduates and 
encourages vocational institutions to improve 
the quality and conditions of their education 
and training.

Arab States

100 20 30 40 50 60 70 80 90

Yemen

Algeria

Tunisia

Oman

Morocco

Syria

Bahrain

UAE

Qatar

Mauritania

Egypt

Kuwait

Jordan

Lebanon

Higher education outputs and quality pillar Higher education inputs pillar

Figure 31: Scores of Arab countries on the higher education pillars
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The nature of the economic climate and the 
features of the labour market contribute to 
the positive correlation between the elements 
of formation and training. This makes some 
countries – such as the United States or 
Germany – role models in this regard. For 
example, professional formation institutions 
can gradually integrate students into the 
labour market by providing practical training 
in companies and enterprises throughout the 
study period, which enables beneficiaries to 

refine their skills and adapt to the needs of 
companies in a continuous manner. This also 
allows companies to ascertain whether the 
formation and qualifications of students are 
aligned with their requirements. In this context, 
statistical analyses show a significant positive 
correlation between the TVET Index and the 
Human Capital Index,18 which confirms the 
importance of formation as a foundation of 
human capital qualification and development 
policies in general.

Figure 32: Scores of Arab countries on sub-pillars of the formation and professional training pillar
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In terms of the diversity of the offerings of 
centres and institutions of technical and 
vocational education and training, several 
experiences and models may be identified, of 
which some are pioneering. This sector has 
kept pace with the changes occurring in most 
economies, including those that depend 
entirely on their natural resources such as 
oil and gas. For many of these countries, this 
diversity reflects the will and determination 
of decision makers to develop human capital 
in a way that serves economic diversification 
and production. 

Studies and reports by international 
organisations conclude that there is an 
imbalance between education and formation 
systems and the labour market, and that 
this has negatively impacted the TVET 
sector, which is often blamed. However, a 
deeper look at the inputs and outputs of this 
sector, which is ineffective in many countries, 
confirms that the situation is not necessarily 
attributable to the nature of the outputs of 
the TVET sector alone, as is highlighted by 
international studies that explore the realities 
of the labour market in greater depth. The 
most important obstacles contributing to 
the gap between formation and the labour 
market are weakened economic structures, 
poor investment, limited competitiveness of 
productive units and other factors, such as 
the poor quality of the education system.19 

Coefficient correlation between the two pillars 
formation and professional training and 
features of the labour market confirms that 
significant developments have occurred in a 
number of countries in terms of building a 
formation system that is compatible with the 
requirements of employers and with general 
labour market controls.

Regional results on the features of the 
labour market pillar may highlight the 
relation between formation and employment. 

However, understanding the mutually 
dependent relationship between the two 
sides requires a dynamic reading of the 
results in context, because regions and 
countries do not have the same constraints 
and pressures at the demographic level. In 
addition, the modest enrolment rates in 
technical education institutions may make 
the employment issue irrelevant, or at least 
less relevant, as in the case of GCC states. 
Looking at the regional results of the features 
of the labour market pillar, we see differences 
between regions and countries.

A report by the European Training Foundation 
(ETF) indicates that many countries in the 
southern and eastern Mediterranean, for 
example, do not have adequate or systematic 
arrangements to identify the skills required 
in local, national and international labour 
markets. This is not a straightforward 
issue, and must be addressed within 
a comprehensive framework, because 
it is difficult for education and training 
programmes to identify the skills and attitudes 
that citizens require to enter and progress 
in rapidly changing labour markets.20 In this 
context, the World Bank’s findings on youth 
unemployment and vocational training 
show that the mechanisms of entry of young 
people to the labour market differ from one 
country to another and are heavily influenced 
by demographic and institutional factors. 
In addition, regulatory policies influence 
transition to work and create a strong divide 
between flexible parts of the labour market 
and permanent jobs or between informal and 
formal education and training.21

As for economic targets, correlation 
coefficients indicate a statistically significant 
positive correlation between the TVET Index 
and the main pillars of the GKI’s Economy 
Index, namely knowledge competitiveness, 
economic openness, financing and value 
added. Statistical analyses show a significant 
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relationship between the TVET Index and 
the knowledge competitiveness pillar of the 
Economy Index. This confirms the importance 
of the knowledge economy in determining the 
efficiency and effectiveness of professional 
formation and gives us a clear idea of the 
relationship between the TVET sector and the 
most important current issues highlighted by 
the Economy Index.

Regarding the situation in the Arab States, 
the growing interest in the TVET sector has 
allowed young people to acquire practical 
and professional skills. Diversity of general 
educational offerings in some countries 
has provided young people with a new 
professional culture based on achievement 
and responsibility, which has strengthened 
leading economic sectors such as tourism 
in Egypt, Tunisia and Morocco, traditional 
manufacturing in Morocco, industrial services 
in Saudi Arabia, etc. This transformation 
has had a significant impact on social and 
economic structures as well as the productive 
culture of young people in particular. Skills 
have become the result of individual or 
collective learning processes based on an 
academic or training course that is attested 
by recognised evidence. 

The transformation has also contributed to 
many of the professions belonging to the 
cultural heritage of Arab countries moving 
from an oral tradition to a professional–
scientific form that is subject to methods 
and controls that have been identified and 
organised by specialists. 

Nevertheless, the TVET sector in Arab 
countries still needs more support and 
development to overcome the challenges 
posed by the structural constraints of these 
economies. In this regard, the results of the 
TVET Index show an imbalance between the 
educational structure on the one hand and 
continuous training on the other (Figure 32). 

In general, the most important constraint is 
demographic and relates to the ability of the 
labour market to accommodate the structure 
and shape of the country’s population pyramid. 
For example, significant efforts were made in 
countries such as Egypt, Algeria and Morocco, 
but they remain useless given the high supply 
and low demand in the labour market. This is 
the main reason why many countries view the 
TVET sector as a temporary solution to youth 
unemployment, which is a structural problem. 
This has negatively affected the image of the 
sector, both economically and socially, given 
its inability to create a balance between supply 
and demand, which – experts and specialists 
recognise – is not a simple process. 
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Inefficient production processes 
in research, development and 
innovation (RDI) 

As shown in Figure 33, most regions – except for 
the Arab States – achieved RDI efficiency ratios 
of more than 1. Statistical tests have confirmed 
these results; efficiency assumptions were 
found to be acceptable for all regions with the 
exception of the Arab countries. 

The results show that East Asia and the 
Pacific, Latin America and Sub-Saharan Africa 
demonstrated high dispersion (as measured 
by standard deviation and confidence 
intervals). Hence, confidence in average 
efficiency ratios in these regions is lower 
than in other regions with lower standard 
deviations (such as Europe and Central Asia, 
and the OECD).

As shown in Table 23, all regions recorded 
innovation in production efficiency ratios of 
less than 1 – ranging from 0.47 in South Asia 
to 0.98 in the Arab States. However, statistical 

tests show that production efficiency cannot 
be assumed in East Asia and the Pacific, South 
Asia and Sub-Saharan Africa. 

Interestingly, average scores on the social 
innovation pillar were higher than 1 for all 
regions. Statistical tests confirmed the validity 
of this production efficiency assumption.

In the Arab States, Bahrain and the United Arab 
Emirates achieved the highest R&D efficiency 
scores, followed by Egypt and Jordan. Algeria, 
Mauritania and Yemen recorded the lowest 
R&D efficiency scores. Bahrain, Egypt, Kuwait, 
Morocco, Oman and Saudi Arabia scored 
highest in terms of innovation in production. 
Finally, Lebanon, Jordan, Algeria, Morocco, 
Tunisia and Kuwait (in this order) scored 
highest in terms of social innovation (Table 24).

It should be noted that the absence of data in 
some countries may make the efficiency score 
misleading. Perhaps the most obvious cases 
are those of the Syrian Arab Republic and 
Yemen, whose results are difficult to analyse. 

Table 23: Results of the RDI pillars efficiency test by region

1.40 0.47 1.03

0.71 0.98 1.02

1.08 0.86 1.24

RDI Index

1.15 0.91 1.02

1.14 0.64 1.04

1.55 0.66 1.35

1.31 0.79 1.38

Region

Arab States

East Asia and the Pacific 

Europe and Central Asia

Latin America and the Caribbean

OECD

South Asia

Sub-Saharan Africa

1.20 0.80 1.17

Research and 
development 

pillar
Innovation in 
production 
pillar

Social 
innovation pillar

p y y g
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Table 24: Average RDI efficiency scores of Arab countries 

UAE

Tunisia

Morocco

Mauritania

Kuwait

Jordan

Lebanon

Algeria

Bahrain

Qatar

Oman

Egypt

0.440.74

0.24

0.87

0.60

0.64

1.17

1.15

0.76

0.29

0.86

0.40

0.49

0.64

2.58

0.26 1.47

1.06

1.42

0.85

0.64

Average scores in RDI efficiency

Arab States

3.01

0.68

1.02

0.85

1.78

0.68

0.45

0.73

0.28 0.05

0.81

0.86

1.48

1.32

1.25

1.51

1.43

0.65

Innovation in 
production pillar

Research and 
development 

pillar

Social innovation 
pillar

Figure 33: RDI efficiency averages by region
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The competitiveness of knowledge 
economies in the 4IR age 

This section explores problems directly 
associated with the transition from traditional 
to competitive knowledge economies, which 
is increasingly important within the context 
of the fourth industrial revolution (4IR) and 
the profound changes it has triggered in 
production and management systems, services, 
commercial software and tools, etc. 

Given the importance of developing human 
resources that are able to keep pace with 
current and future scientific–technological 
developments, four specific aspects of the 
GKI’s results are examined. 

The first relates to structural unemployment 
resulting from imbalances between the 
requirements of the knowledge economy and 
the quality of the outputs of the education 
system (and the higher education in particular). 
The second concerns the correlation between 
RDI and economic performance; i.e. the 
economic returns of the RDI sector and its role 
in supporting the transition to a knowledge 
economy. The third and fourth issues focus on 
the extent to which revolutionary technological 
advances are utilised and leveraged in: 1) 
the TVET sector, which plays a key role in 
training the labour force required by the 
digital transformation of the market; and 2) 
the economic sector, given the critical role 
of technological infrastructure in developing 
production process, growing capital and 
supporting economic openness. 

Structural unemployment: 
A challenge facing Arab economies

Structural unemployment results from shifts 
in the structure of the economy, such as the 
discovery of new resources or more efficient 
means of production, or the emergence of new 
goods. It reflects the mismatch between the skills 

supplied and the jobs available. Its underlying 
causes include geographical immobility – 
where it is difficult for the unemployed to 
move from areas suffering from structural 
unemployment to areas with labour shortages 

– and deindustrialisation, which leaves some 
unemployed workers unable to find work in 
new industries with different skill requirements. 
Overcoming structural unemployment requires 
a series of short- and long-term policies and 
measures, such as training schemes that 
provide skills and qualifications that enable 
the unemployed to find work in new industries. 
Governments can offer subsidies to help the 
unemployed secure jobs in areas with high 
employment opportunities and offer incentives 
for firms to relocate to depressed areas. Also, 
improved labour market flexibility may allow 
part-time and temporary work, providing new 
opportunities for employment.22 

Structural unemployment occurs when people 
enter the labour market with qualifications 
and degrees that are not relevant to the 
jobs on offer. In other words, individuals’ 
accumulated knowledge acquired throughout 
their education (particularly higher education) 

– whilst still valuable in an academic sense and 
in obtaining a degree – does not provide the 
means to enter the labour market. 

According to Kimberly Amadeo, structural 
unemployment is caused by technological 
advances which result in the disappearance 
of certain jobs. It is also caused by trade 
agreements (i.e. free trade) which prevent the 
production of certain goods and services in 
favour of their acquisition from other countries 
owing to cost and quality considerations. 
Amadeo believes that recessions and 
financial crises extend and intensify structural 
unemployment.23 The global economic 
conditions that have prevailed since the 
third quarter of 2008 have contributed to the 
problem of unemployment in general – and 
structural unemployment in particular. 
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Young people under 30 represent more 
than 60 percent of the population in the 
Arab States.24 The International Labour 
Organization (ILO) estimated that global 
youth unemployment would reach 13 percent 
in 2017, but that youth unemployment in the 
Arab States of the Gulf and Middle East would 
remain the highest in the world at 30 percent 
in 2016, with no significant improvement 
anticipated in 2017;25 unemployment among 
young females in the region is even higher 
at 36 percent.26 Therefore, the Arab States 
faces a significant challenge in dealing with 
educational issues and directing education to 
meet the requirements of the labour market. 
This may involve improving the quality of 
education in universities or even reconsidering 
the need for university education, particularly 
where the market demands technical and 
vocational skills that can be better provided 
through TVET.27

A brief literature review illustrates the 
importance of linking the outputs and 
quality of higher education with the needs 
of the economy to help overcome structural 
unemployment. More attention should 
be paid to the level and type of education 
required by the labour market. Furthermore, 
spending on education should be reviewed to 
ensure that funding contributes to reducing 
structural unemployment and providing a 
source of suitable qualified human resources. 
Based on the above, we will conduct a full 
analysis of the relation of the Economy 

Index, including its three pillars (knowledge 
competitiveness, economic openness, and 
financing and value added) with: the higher 
education outputs and quality pillar and the 
government expenditure on tertiary education 
(as a percentage of GDP) variable, both of 
which are part of the GKI Higher Education 
Index; and the features of the labour market 
pillar in the TVET Index. It is worth mentioning 
that the higher education outputs and quality 
pillar has four sub-pillars that comprise 
the following variables: 1) graduation, 
represented by the percentage of graduates 
from ISCED programmes at levels 6–8; 2) 
employment after graduation, which consists 
of labour force with advanced education and 
unemployment rate with advanced education; 
3) quality of universities, which comprises 
university–industry collaboration in R&D and 
number of globally-ranked universities; and 
4) competency of students, which consists 
of percentage of tertiary students enrolled 
in globally-ranked universities and inbound 
mobility rate. The features of the labour market 
pillar has two sub-pillars that comprise five 
variables: 1) qualifications of human capital, 
which measures poor work ethic in national 
labour force, availability of skilled employees 
and technicians per thousand in the labour 
force; and 2) structure of the labour market, 
which consists of restrictive labour regulations 
and labour freedom. Results of correlation 
analysis and regression analysis28 in relation 
to structural unemployment indicators (Table 
25) show the following:

Table 25: Correlation coefficients between the Economy Index and components of the Higher 
Education and TVET indices

South Asia

0.51

0.66

0.55

Global 
average

0.77

0.17

0.24

OECD

0.68

0.03

0.31

East Asia and 
the Pacific 

0.93

0.76

-0.26

Europe and 
Central Asia

0.34

0.32

-0.07

Sub-Saharan 
Africa

0.05

0.088

-0.31

Higher education outputs 
and quality pillar

Government expenditure on 
tertiary education as a 
percentage of GDP

Features of the labour 
market pillar

Latin America 
and the 

Caribbean

0.32

-0.42

-0.13

Arab States

0.80

-0.23

-0.09
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-  Correlation between the Economy Index and 
higher education outputs and quality pillar 
exceeds 0.76. However, correlation does 
not exceed 0.17 in the case of government 
expenditure on tertiary education as a 
percentage of GDP, and 0.24 in the case 
of features of the labour market. There 
is therefore a clear relation between the 
Economy Index and the higher education 
outputs and quality pillar, which confirms 
the importance of the latter in achieving 
economic objectives. This means that 
lower quality – or even quantity – of higher 
education outputs will result in a weaker 
economic structure that will necessarily 
affect the competitiveness of the economy, 
as reflected in the variables under economic 
infrastructure and competition. It will also 
negatively affect the creative economy 
sub-pillar, trade channels and value 
added, especially in relation to high-skilled 
employment and manufacturing value 
added. The result of the regression analysis 
confirms the significant correlation between 
the Economy Index and the higher education 
outputs and quality pillar, where the latter 
accounts for around 58 percent of the 
variation in the economic sector. This means 
that there is a strong positive correlation 
between higher education outputs and 
quality and the economic growth of countries. 
This is necessarily reflected in the three 
pillars of the Economy Index, i.e. knowledge 
competitiveness, economic openness, and 
financing and value added. A decline in the 
levels and quality of education necessarily 
means a decline in these three pillars. By 
linking this with the concept of structural 
unemployment – which indicates that the 
outputs of the higher education sector are 
not compatible with the requirements of 
the labour market and thus with national 
productivity, development and economic 
growth – we may reach a logical explanation 
as to why several Arab countries lag 
behind many others in terms of knowledge 

competitiveness, economic openness and 
value added. The United Arab Emirates ranks 
17th in the Global Competitiveness Index, 
followed by Qatar (25th), Saudi Arabia (30th), 
Bahrain (44th) and Kuwait (52nd).29 These are 
all GCC countries in which unemployment 
does not exceed the natural rate, which 
is less than 5 percent.30 In the United Arab 
Emirates, it does not exceed two percent.31 
This confirms that structural unemployment 
resulting from non-alignment of education 
outputs with labour market requirements 
has created a difficult competitive situation 
for the Arab countries in general. 

On the other hand, the results of the 
regression analysis in the Arab States 
between the Economy Index and higher 
education outputs and quality pillar show 
high significance, explaining 61 percent of 
the variation in the overall economy with a 
highly significant coefficient. This indicates 
that the higher education outputs and quality 
pillar correlates with the three pillars of the 
Economy Index. The conclusion is that high 
structural unemployment in the Arab States 
is one of the most important causes for the 
weakness of Arab economies. The low GDP 
of Arab countries – which does not exceed six 
percent of world GDP32 – may be the result 
of unemployment in the Arab States, and 
particularly structural unemployment. 

In addition, the contribution of the Arab States 
to global trade is about five percent, while 
the contributions of Europe and the United 
States exceed 38 percent and 16 percent, 
respectively,33 despite their aging populations. 
This also reflects the fact that the exports of 
Arab countries do not contain added value, 
being limited to oil and non-oil raw materials. 
There is no real utilisation of Arab human 
capital; this is either due to poor investment 
or a consequence of a mismatch between 
outputs and the requirements of the global 
market. 
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-  Statistical analysis at the regional level 
shows that the correlation between the 
outputs and quality of higher education is 
highly significant in the East Asia and the 
Pacific region, and the OECD countries, 
but this correlation is moderate in Europe 
and Central Asia. Both Latin America and 
the Caribbean, and Europe and Central 
Asia show no correlation between higher 
education outputs and quality, and 
economy. While the correlation was proven 
to be high in OECD countries – reaching 
0.68 – the correlation with the features 
of the labour market pillar was low and 
government expenditure on tertiary 
education had no significant correlation 
with the Economy index. As per the results 
of low-income countries, such as those in 
Sub-Saharan Africa, correlation was weak 
between the higher education outputs and 
quality pillar and the Economy Index. The 
same goes for government expenditure 
on tertiary education and the features of 
the labour market pillar. This differs for 
South Asian countries; there is medium 
correlation between higher education 
outputs and quality and the Economy Index. 
The same goes for government expenditure 
on tertiary education and features of the 
labour market. 

-  In conclusion, there is significant correlation 
between the higher education outputs and 
quality pillar and the Economy Index. This 
should draw the attention of decision-
makers to the importance of working 
towards aligning higher education outputs 
and quality with the requirements of the 
labour market, especially with regard to 
proficiency in more than one language, 
computer and smart applications skills, 
cognitive capacity building, personal skills 
and leadership skills. The labour market 
now requires alternative qualifications, 
not just academic degrees that in some 
cases are in disciplines which are no longer 

required in the labour market or are soon 
to become outdated. The transformation 
of the young population of the Arab States 
into a force that drives production and 
development requires that more attention 
is given to the outputs of higher education 
in both qualitative and quantitative terms. 
This will help to diversify the production 
base and increase the region’s share 
of world GDP and trade. Finally, some 
countries – especially in the Arab Gulf 
region – are pursuing policies aimed at 
replacing foreign labour in order to solve 
the problem of unemployment in general 
and structural unemployment in particular. 
Such policies should be based on objective 
studies to determine which jobs are likely to 
be replaced and which will endure to avoid 
dispensing with a productive workforce 
that is aligned with the market. 

The economic benefits of RDI

There are two methods for measuring the 
economic benefits of research, development 
and innovation (RDI) and their direct and indirect 
impacts on national development. The first is 
based on analytical statistics and regional and 
international indices of knowledge, scientific 
research, innovation and competitiveness, 
supported by surveys conducted by research 
institutions. The second method requires the 
development of macro- and micro-economic 
models to trace the development impacts and 
medium- and long-term effects of RDI. 

This study measures the economic benefits of 
RDI through a joint approach that analyses GKI 
variables relevant to the economy and develops 
a model for measuring the impact of RDI on 
economic variables. It focuses primarily on:

-  Analysis of scores on a number of pillars, 
sub-pillars and variables of the GKI that are 
relevant to development and the economy. 
International and regional indices will 
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Table 26: Correlation coefficients between the RDI Index and pillars and select economic 
variables (global average)

RDI Index
Innovation in 

production 
pillar

Innovation in 
production 

pillar
Economic Indicators/RDI 
Index components

GDP

Creative services exports (percent of 
total trade in services)

High-skilled employment (percent of 
total employed people)

Internet users (percent)

GDP per capita

Creative goods exports (percent 
of total trade in goods)

Global Entrepreneurship Index

University–industry 
collaboration in R&D

Social 
innovation 

pillar

0.40

0.07

0.74

0.71

0.67

0.31

0.86

0.77

0.39

0.01

0.72

0.68

0.66

0.29

0.84

0.77

0.39

0.14

0.60

0.58

0.57

0.29

0.74

0.67

0.22

0.15

0.60

0.57

0.43

0.26

0.63

0.44

Figure 34: Average scores by region on RDI variables of economic significance and GDP per capita 
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be used, including the innovation output 
indicator34 and the knowledge triangle.35

-  Calculating the correlation between RDI 
components and a number of regional and 
international economic variables.

The analysis of the economic benefits of RDI 
is based on a number of variables which 
directly affect markets in goods and services, 
and consequently impact progress towards 
establishing a knowledge economy. These are:
 
- PCT patent applications per million 

population, which represents the first step 
towards transforming patents into new or 
innovative products or processes.

-  Intellectual property receipts (percent 
of total trade), which represent financial 
returns from the use of innovations 
(technological or non-technological).

-  Number industrial design applications, 
which reflects new or innovative designs in 
industrial production. 

-  Number of trademark applications, which 
represents new products or services with 
a trademark that distinguishes them from 
existing products and services.

In order to link these variables with the 
economic performance of the country or 
geographical region, GDP per capita was 
chosen as a corresponding indicator to reflect 
economic growth and the welfare of citizens. 
Figure 34 shows the average scores of regions 
on the selected RDI variables.

The OECD scored highly on the PCT patents 
applications and intellectual property receipts 
variables. Sub-Saharan Africa and South Asia 
received low scores on all variables. This 
illustrates the development achieved by the 

OECD countries relative to other regions. East 
Asia and the Pacific ranked second in terms 
of innovation but received a low score on the 
intellectual property receipts variable. The 
results also show correlation between GDP 
and the RDI variables selected.

The Arab countries scored lower than the 
global average on most RDI variables. For 
example, the average score of Arab countries 
on the PCT patents applications variable 
equated to around 1.38 percent compared 
to a global average score of 14.68 percent. 
Likewise, the average score of the Arab 
countries does not exceed 7.05 percent 
on the number of trademark applications 
variable, compared to the global average of 
22.17 percent. As mentioned above, there is 
correlation between the selected RDI variables 
and GDP per capita; the average score of the 
Arab countries on the GDP per capita variable 
was equal to almost 31.75 percent, whereas 
the global average was 21.61 percent.

To better understand the relation between 
RDI and economic variables, a correlation 
analysis was conducted between the RDI 
Index and a number of economic and social 
variables. Correlation existed between the 
RDI pillars on the one hand, and GDP and GDP 
per capita on the other. However, GDP per 
capita showed a higher correlation coefficient 
with the RDI Index (0.67) and the research and 
development (0.66), innovation in production 
(0.57) and social innovation (0.43) pillars.

The results also showed correlation with 
the high-skilled employment share as a 
percentage of total number of employed 
people variable (above 0.70) and the Global 
Entrepreneurship Index (around 0.86), which 
indicates that the impact of RDI increases as 
countries transition to knowledge economies 
that depend on highly-skilled workforces in 
knowledge-intensive industries, and with the 
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promotion of entrepreneurship. Furthermore, 
average scores on the RDI Index correlate 
with average internet use and university–
industry collaboration in R&D, which reflects 
their importance to RDI. These trends are 
noticeable in the Arab States, with slight 
variations in correlation coefficients – 0.67 
globally compared to 0.72 in the Arab States.

Despite the differences in the credibility and 
significance of samples, and the success of 
the regression analysis in measuring them, 
the following may be inferred:

-  The results of the regression analysis show 
that the data for the OECD and global 
average scores allow for measurements 
with an acceptable level of confidence 
(error margin of five percent), but data for 
other regions did not provide acceptable 
estimates.

- The results show that the economic 
variables that are most affected by RDI 
variables are GDP per capita, the Global 
Entrepreneurship Index and high-skilled 
employment. This is logical, given the effect 
of RDI efforts in increasing efficiency of 
production (total productivity and efficiency 
of labour and capital) and their positive 
impacts on employment in knowledge-
intensive industries and the promotion of 
entrepreneurship. 

Integrating ICT in TVET: 
A work in progress

The integration of ICT into the TVET system 
has become one of the most important targets 
of international organisations concerned 
with TVET, such as UNESCO and its Institute 
for Information Technologies in Education, 
UNEVOC and the World Bank.36 It could 
be argued that this integration will enable 
TVET to interact more with the needs of the 
labour market and the rapid development of 

professions and operating systems around 
the world. It will also provide greater flexibility 
in the formation process between trainer and 
trainee in a way that enables the latter to 
access updated information and compare their 
educational competencies with the rest of the 
world. Obviously, any delay at this level will be 
costly in terms of human capital qualification, 
which will deepen the gap between formation 
and employment. In this regard, the Qingdao 
Declaration states that ‘to achieve the goal 
of inclusive and equitable quality education 
and lifelong learning by 2030, ICT – including 
mobile learning – must be harnessed to 
strengthen education systems, knowledge 
dissemination, information access, quality 
and effective learning, and more efficient 
service provision’.37 This can be achieved by 
exploiting digital opportunities and leading 
the transformation in education.

As mentioned above, the TVET sector has 
become relatively independent but is highly 
adaptive to modern technologies. This is 
reflected in the correlation with the ICT Index 
(0.64), which also confirms the importance 
of integration between them. As indicated in 
international reports, the openness of the TVET 
sector to modern technologies could have a 
positive impact on equality and educational 
justice, raising the quality of this sector and 
enabling it to quickly and effectively respond 
to the requirements of the labour market.

The answer to this issue varies according to 
the economic and educational environments 
and the policies adopted in each country in 
relation to the education sector, including 
the use of the inputs of the ICT sector and 
especially the infrastructure provided by 
governments in the TVET sector. This could be 
a key point of differentiation for TVET systems 
around the world, as confirmed by the GKI’s 
results and correlations between this sector 
and the two pillars of the ICT sector (Table 27).
Globally, the study of the correlation between 
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the TVET Index and ICT inputs shows a 
positive correlation reaching 0.58. However, 
there are substantial differences between 
different regions, reflecting the distinction 
between countries where TVET systems use 
the infrastructure provided by the ICT sector 
to improve their performance and output – 
such as the OECD countries, with correlation 
coefficients of 0.61 – and regions still resisting 
this kind of transformation, namely Sub-
Saharan Africa (0.22), Europe and Central 
Asia (0.11) and East Asia and the Pacific (0.36). 
Interestingly, the correlation coefficient in 
South Asia was 0.93, but this requires further 
scrutiny because data was available in only 
six countries. In the Arab States, correlation 
between the TVET Index and inputs of the ICT 
sector was weak and insignificant (0.38), in 
contrast to correlation with the outputs of the 
sector (0.64), demonstrating the weak use of 
ICT infrastructure in technical and vocational 
education and training.

Correlation with ICT requires certain 
conditions,38 including technological 
infrastructure and its maintenance, the 
formation of trainers and teachers, appropriate 
pedagogical design and engineering, etc. 
These conditions require a considerable shift 
in the forms of education and training, as 
well as comprehensive improvement of their 
structures and philosophies. However, many 
obstacles to achieving this goal persist in most 
countries – especially developing countries 
where educational policies are generally 
subject to multiple cultural and political 
pressures.39,40 

In this regard, some of the questions posed by 
academic studies41 and international reports42

still require answers, including the following:

–  To what extent do trainers use ICT effectively 
and what disciplines are most qualified to 
meet the conditions and controls of the 
technological and digital revolution?

–  To what extent is the use of ICT subject to 
quality requirements in the field of TVET?

–  How might the pedagogic structure be 
amended to accommodate ICT within the 
vocational training system in cooperation 
with employers?

Kotsik, Tokareva, Boutin and Chinien note that 
integration of ICT in TVET requires strategic, 
pedagogical, organisational and technical 
preparation: 

-  Strategic readiness involves redefining 
the vision, mission, values, objectives, 
strategies, timeframe, staff time and quality 
assurance systems. It also includes budget 
changes to cover the costs of technology, 
infrastructure, staffing, staff development, 
curriculum development and teaching 
materials, which may differ from those 
in traditional teaching. Difficult decisions 
may need to be taken with regard to the 
cancellation of existing systems and the 
creation of new strategic directions. 

-  Pedagogical readiness involves re-
evaluation of teaching and learning 
methods, educational planning and 

South Asia

0.64

0.93

0.31

Global 
average

0.63

0.58

0.63

OECD

0.56

0.60

0.51

East Asia and 
the Pacific 

0.30

0.36

0.27

Europe and 
Central Asia

0.19

0.11

0.22

Sub-Saharan 
Africa

0.23

0.22

0.22

ICT Index

ICT inputs

ICT outputs

Latin America 
and the 

Caribbean

0.37

0.19

0.42

Arab States

0.59

0.38

0.64

Table 27: Correlation between the TVET Index and the ICT Index and its pillars by region
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technologies to meet the needs of learners 
and the provision of training and continuous 
pedagogical and technological education 
to all staff and learners. 

-  Organisational readiness includes ensuring 
that there are leaders, champions, support 
and incentives to inspire innovations and 
ensure quality assurance in all operations. 

- Technical preparation requires the 
provision of technological/infrastructural 
requirements for the integration of ICT, 
including equipment/software production 
facilities, software licenses and maintenance 
of systems.43

On the other hand, some warn that 
policymakers, principals, teachers and trainers 
may, in their efforts to respond to these calls 
and to use ICT to transform TVET, resort 
to focusing more on technology without 
taking into account the needs, expectations 
and circumstances of learners and other 
stakeholders, or the quality of educational 
planning and learner support.44

Limited technological integration in 
the economy

In early 2016, Schwab observed that the 
transition from the first industrial revolution 
through the 4IR, which is evolving at an 
exponential pace, has created a conviction that 
the digital structures that were established 
in the second half of the last century have 
become the main drivers of the economy. 

The first industrial revolution used water 
and steam power to mechanize production. 
The second used electric power to create 
mass production. The third used electronics 
and information technology to automate 
production. Now a fourth industrial revolution 
is building on the third, the digital revolution 
that has been occurring since the middle of 
the last century. It is characterized by a fusion 

of technologies that is blurring the lines 
between the physical, digital, and biological 
spheres.45

Studies show that the fourth industrial 
revolution is essentially a system of 
developments and technologies that are 
enhanced by digitisation and information 
technology, thus generating what may be 
called “artificial intelligence”, which is based 
primarily on computing or automation 
and characterised by high speed, domain 
consistency and direct influence in production 
systems.46

A study by PwC and the Global Manufacturing 
and Industrialisation Summit (GMIS) examining 
the fourth industrial revolution in the Middle 
East has revealed several indicators that 
confirm that the region is indeed engaged in 
this revolution; digitisation is driving quantum 
leaps in performance, contributing to an 
acceleration of globalisation in the region that 
will result in major investments with rapid 
returns for those involved in its associated 
initiatives.47

Schwab asserts that the main drivers for the 
creation of the components of the 4IR are 
technological developments in the economy 
and the extent to which economies absorb or 
utilise those developments.48 Therefore, the 
entry of different economies into the 4IR is 
determined by the extent of development of 
their ICT sectors. Hence it is important in this 
analysis to understand the relations within 
the Economy Index between macroeconomic 
variables, as represented by the knowledge 
competitiveness pillar, and the pillars and 
sub-pillars of the ICT Index – particularly 
infrastructure, sector competitiveness and ICT 
outputs. The development of the knowledge 
economy will necessarily lead to a qualitative 
shift and the entry of different economies into 
the fourth industrial revolution. This necessarily 
depends on the infrastructure of the ICT sector, 
its competitiveness and finally its outputs to 
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the economy. These outputs will determine 
the extent to which countries are involved in 
the requirements and developments of the 4IR. 

Based on the above, we analysed correlation 
between the creative economy sub-pillar 
(under the economic openness pillar of the 
Economy Index) and all sub-pillars of the ICT 
Index (infrastructure, sector competitiveness, 
subscriptions, usage by individuals, usage by 
government and institutions and impact on 
development). 

The presence of the above components and 
determinants of the 4IR necessarily mean that 
the economy has creative capacity, especially 
when it comes to high-tech products for 
export and competition within international 
markets. Therefore, the creative economy 
sub-pillar consists of three variables: high-
technology net exports, exports of creative 
services and share of creative goods exports 
from total goods exports. This creative 
capacity is necessarily influenced by ICT 
infrastructure, including the percentage of 
the population covered by a mobile–cellular 
network, international Internet bandwidth 
per Internet user, and availability of secure 
Internet servers. It is also influenced by 
ICT subscriptions, such as fixed-telephone 
subscriptions, mobile–cellular subscriptions, 
fixed broadband subscriptions and active 
mobile broadband subscriptions, and usages 
by individuals, government and institutions, 
including the use of smart applications, 
social media and e-government and smart 
government applications. In addition, the 
creative economy is influenced by variables 
that reflect ICT impact on development: 
patents, impact of ICT on business models 
and social impacts of ICT. By applying the 
above-mentioned analysis methodology 
to the Arab States, comparing it to other 
regions, and using the analysis of correlation 
coefficients and simple regression equations 
whenever possible, this study has yielded the 
following results.

-  Country scores show that the creative 
economy is moderately correlated to the 
three components of the ICT sector: 51 
percent with the infrastructure sub-pillar, 56 
percent with the competitiveness sub-pillar, 
and 64 percent with the ICT outputs pillar. 
The regression analysis demonstrates the 
positive effect of the three components 
with a relatively high significance, noting 
that there are other factors that determine 
the level of economic creativity of countries. 
However, it is important to note that there 
is a highly significant relation between 
achieving the requirements of the 4IR in the 
economic context and the main variables 
and pillars of the ICT Index. This reinforces 
the understanding that the fourth industrial 
revolution is based on digital technology, 
3D technology, nanotechnology, robotics, 
external communication and high-tech 
institutional communication. 

-  Analysis of the scores of the Arab States 
showed a moderate correlation between 
the three components of the ICT Index 
and the creative economy sub-pillar. The 
correlation coefficient was slightly higher 
than the global average in the case of 
infrastructure but exceeded 71 percent in 
relation to ICT outputs. This is justified by 
a young population that seeks to use all 
forms of technology and communications to 
develop their capabilities. Looking at Europe 
and Central Asia, we do not notice a high 
correlation between those components. 
Perhaps this explains why Europe is not 
leading the 4IR, which is instead being led 
by a group of emerging countries. 

-  The six regions show low correlation 
between components of the creative 
economy and components of the ICT sector, 
which indicates that the pace at which the 
4IR is being embraced leaves much to 
be desired in many countries. The rapid 
development of technology and the speed 
at which the requirements of this Revolution 
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develop will make some countries leaders 
in this regard, especially in terms of 3D 
printing, nanotechnology, robotics and 
smart digital technology. In the Arab States, 
it is clear that the United Arab Emirates 
has become one of the world’s leading 
countries in terms of digital economy and 
digital competitiveness. According to the 
latest IMD World Competitiveness Centre’s 
Digital Competitiveness Ranking, the 
United Arab Emirates ranked first in the 
Arab States and 17th globally.49 Far Eastern 
countries – especially China, Japan and the 
Republic of Korea – are leaders in many 
of the requirements of the 4IR in terms of 
systems, speed and technology. 

-  Analysis of correlation between the overall 
Economy Index and its three pillars on 
the one hand, and the overall ICT Index 
and its two pillars on the other (Table 
28), shows high correlations, reaching 
89 percent between the two indices and 
averaging 80 percent in most other cases. 
The correlation is particularly high between 
the components of the economy and ICT 
outputs. This confirms Schwab’s conclusion 
that the development of economies and 
the extent to which they embrace the 4IR 
will depend on the inputs and outputs 
of the ICT sector, as these will contribute 
to achieving leadership.50 3D technology, 
nanotechnology and robotics all depend 
on the evolution of ICT inputs and outputs. 
The results below reinforce this. 

Economy Index  0.89 0.81 0.90

Economic openness pillar 0.74 0.69 0.73

Knowledge competitiveness pillar 0.80 0.69 0.82

Financing and value added pillar 0.89  0.82  0.88

ICT Index ICT inputs ICT outputs

Table 28: Correlation coefficients between pillars of the Economy Index and pillars of the ICT Index



Knowledge and the Fourth Industrial Revolution | 73

Conclusion

This study represents a useful resource and a 
valuable contribution to assess and manage 
current concerns regarding knowledge and 
anticipate future requirements. 

The results and trends of the GKI have 
revealed knowledge gaps of varying degrees 
between regions, as well as between 
countries in the same region and between 
sectors within the same country. 

They have also revealed two important 
aspects of efficiency: a quantitative aspect 

– in which most countries performed well 
– and a qualitative aspect, in which the 
performance of countries leaves much to be 
desired, particularly in the Arab region. 

The results have shown that Arab education 
systems continue to focus on quantity at 
the expense of quality. They also suffer 
from inefficiency in maximising inputs and 
transforming them into quality outputs and 
are unable to meet the requirements of 
the ICT revolution, which has affected their 
ability to develop competent and efficient 
human capital. In addition, their economic 
structures are undermined by the low quality 
of outputs from higher education and RDI 
systems, which negatively affect their ability 
to embrace the fourth industrial revolution 
and increase their competitiveness. 

The ability of economies to meet 4IR 
requirements is largely determined by the 
competency of their human capital, which is 
the product of the educational process; the 
availability and use of ICT in various sectors; 
and the ability to utilise the economic returns 
of RDI in various areas of production. Without 
these, human capital cannot contribute 
effectively to the production process and 
bring about a transition to a competitive 
knowledge economy. 

Based on the above, a number of 
recommendations may be made:

– It is important to pursue a multidimensional 
approach in addressing these problems. 
Comprehensive human development is a 
multidimensional concept, the various aspects 
of which converge and progress in tandem. 
Any discrepancies between them, therefore, 
must be bridged. This does not necessarily 
mean that the same corrective measures may 
be effective in each case, as responses need 
to be carefully tailored to different economic, 
social, political and cultural contexts.

– The high correlation between the quality 
of human resources and the ability to 
build a strong knowledge economy 
reveals a fundamental pillar of economic 
competitiveness and sustainability. 
Human resource qualification systems 
must therefore be developed, made more 
efficient, and be harmonised with the 
requirements of a knowledge economy. This 
can be achieved through more investment 
in quality education (with a focus on 
skills, lifelong learning, entrepreneurship, 
innovative thinking, meaningful use of 
scientific and technological products, etc.); 
improving public and specialised training 
programs (by updating and directing them 
towards meeting new requirements in the 
labour market); and by investing in scientific 
research, development and innovation, 
and maximising their economic returns 
(by supporting research and applying its 
results, establishing effective partnerships 
with economic and commercial institutions, 
encouraging the private sector to contribute 
to the financing of research projects in the 
field of knowledge, and communicating 
with international research and studies 
centres for the exchange of experiences, 
competencies and information). These 
measures will develop creative and technical 
capabilities that actively contribute to 
creating a knowledge economy.
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– The imbalance between the inputs and 
outputs of educational and research 
systems is an important manifestation of the 
inefficiency of such systems. This imbalance 
cannot be addressed by only focusing 
on organisational and technical aspects, 
laws and legislation, or the integration of 
technology. Rather, it is necessary to develop 
a comprehensive reform process guided 
by a forward-looking vision, underpinned 
by sound implementation and effective 
accountability systems.

– It is vital to promote and learn from the 
success stories revealed by the current study. 
The analysis shows several successful models 
that have been applied in the various sectors 
of the GKI in the OECD countries, East Asia 
and the GCC (namely the UAE, Bahrain and 
Qatar). The importance of these experiences 
lies in the fact that they illustrate principles, 
mechanisms and good practices that have 
proved effective in achieving paradigm 
shifts in the development of various sectors.

– In order for these studies to succeed in 
achieving positive change, their results 
must be disseminated to all stakeholders. 
This requires the creation of communication 
channels between think tanks, research 
bodies, universities and academic 

laboratories to encourage dialogue about 
results, coordinate efforts, and expand the 
utilisation of research outputs in guiding 
and rationalising development policies. 

However, the results of the GKI and the issues 
and problems discussed in its analytical 
studies, as well as the trends they have 
revealed, require further scrutiny.

In this regard, data science and its approach 
to ‘big data’ promise further development 
of predictive research and analysis, as ‘new 
insights gleaned from such data mining can 
complement official statistics and survey data, 
adding depth and nuance to information on 
human behaviours and experiences. The 
integration of this new data with traditional 
data should produce high-quality information 
that is more detailed, timely and relevant’.51

Herein lie the new horizons of the Knowledge 
Project; to complement and enhance the 
development of the GKI, new sources of data 
offered by modern means of communication 
must be employed. Also new approaches 
to digital data analysis must be adopted to 
identify more efficient and realistic indicators 
for measuring and forecasting knowledge 
and its relation to development.  
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