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Abstract: Freedom of expression is a core human right, yet the forces that seek to suppress it have intensified, 

increasing the need to develop tools that can measure the rates of freedom globally. In this study, we propose a 

novel freedom of expression index to gain a nuanced and data-led understanding of the level of censorship across 

the globe. For this, we used an unsupervised, probabilistic machine learning method, to model the status of the 

free expression landscape. This index seeks to provide legislators and other policymakers, activists and 

governments, and non-governmental and intergovernmental organisations, with tools to better inform policy or 

action decisions. The global nature of the proposed index also means it can become a vital resource/tool for 

engagement with international and supranational bodies. 

Article Highlights:  

• We propose a novel methodology using machine learning to model freedom of expression on a global 

scale. 

• The proposed approach is in nature less prone to subjective interpretation and possibly more rigorous 

than previous rankings. 

• The resulting freedom of expression indices can be used as a powerful tool to better inform policy or 

action decisions. 

Keywords: generative topographic mapping; machine learning; data visualisation; freedom of expression; human 

rights, censorship, media freedom, academic freedom, digital freedom 

 

1. Introduction 

In an increasingly atomised, polarised world, the free expression of ideas is more important than ever. But 
while the need for free expression has increased, so have the forces which seek to suppress it and the technologies 
which enable its suppression. Freedom of expression is among the core human rights set out in the United Nations 
(UN) Universal Declaration of Human Rights [1], the International Covenant on Civil and Political Rights (1966; 
entered into force in 1976) and subsequent treaties, including those in Europe, the Americas and Africa, for 
example, the European Convention on Human Rights [2], entry into force in 1953; the American Convention on 
Human Rights [3], entry into force in 1978; and the African Charter on Human and Peoples’ Rights [4]; entry into 
force in 1986. 

These global mechanisms uphold the principle that "everyone has the right to freedom of expression." 
Unfortunately, in today’s world, this right is facing numerous challenges. Rapid advancements in technology have 
provided new avenues for those who wish to suppress freedom of expression. Censorship and surveillance tools 
are becoming more sophisticated and readily available, enabling governments and other entities to monitor and 
control the flow of information. 

Censorship continues to operate across the globe, using several diverse tactics and drivers, including state 

laws or practices that restrict expression beyond what is included in international instruments [5]. Examples of 

this include the mixture of technological and legislative mechanisms deployed by the Chinese state to block access 
to online resources (colloquially called the Great Firewall of China - see for example [6]), the reduction of civil 
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space for protests and other acts of civic participation, and the use of strategic lawsuits against public participation 

(SLAPPs)1 [7] to prevent journalists and other public watchdogs from being able to report in the public interest. 

With the entry into force of such standards, the UN and regional inter-governmental organisations 
established bodies or mechanisms to assess state adherence to the standards. This required techniques of 
assessment and measurement which had been developed by scholars starting in the 1930s with Greer’s study into 
the Reign of Terror in revolutionary France [8] and which have become increasingly sophisticated in terms of data 

sources and statistical techniques – see, for example, [9–11]. The purpose of measuring human rights is to assess 

the extent to which these rights are upheld in theory, manifested in reality, and advanced through effective policies 

[12]. By conducting such measurements, we aim to identify areas where human rights are being violated or 

neglected so that appropriate solutions to address these challenges can be developed. 
This research introduces the Index Index, an innovative analysis of global censorship practices, and proposes 

a novel methodological approach to calculate it. Specifically, the Index Index focuses on academic, digital, and 

media/press freedom. It uses Generative Topographic Mapping (GTM, [13, 14]), an unsupervised Machine 

Learning algorithm, to cluster and visualise countries in terms of their levels of freedom of expression. By utilizing 
established and robust indices and metrics, this research offers a comprehensive and nuanced assessment of the 
international landscape of free expression. It sheds light on the various threats that impede, curtail, suppress, or 
manipulate the public’s right to access information, express themselves, and engage with others2. Unlike recent 

studies that solely rely on data related to internet accessibility, such as [15–17], the Index Index integrates a wide 

range of existing analyses and expertise to provide a comprehensive ranking of the free expression environment 
in all countries or nations where sufficient data is available. 

2. Materials and Methods 

2.1. Data and resources that informed the development of the Index Index 

As this is an index of indices, the raw data comprises existing indices and metrics developed by a range of 
different national and international bodies such as research institutes, as well as international non-governmental 
organisations. Each pre-existing index has been selected based on several criteria, including its usage and 
reference by the wider community of practitioners, the robustness of its methodology, and its geographic scope. 
Individually, they are the product of internal testing and iterative development and as a result are used in a range 
of public advocacy and campaigning initiatives, including being referenced by international bodies, such as 
European institutions and UN bodies. For instance, V-Dem is funded by, among others, the European 
Commission, the Swedish Ministry of Foreign Affairs and the World Bank [18]; the World Press Freedom Index 
is cited by the European Parliament in its Normandy Index 2023 [19]; and the Committee to Project Journalists 
has submitted evidence to the UN Special Rapporteur on the promotion and protection of the right to freedom of 
opinion and expression [20]. 

We selected these indices on account of their robustness and completeness. The datasets were collated after 
in-depth conversations between the project team. Several other sources were explored and ultimately discounted. 
Further details about the selected and discounted data sources are provided below and in the Supplementary 
Materials. 

2.1.1. V-Dem (Varieties of Democracy) 

The Varieties of Democracy (V-Dem) Research Project [18] offers a nuanced and extensive analysis of 
democratisation, examining various dimensions and subcomponents. The data forming the foundation of V-Dem’s 
component variables are collected through surveys administered to a network of over 3,500 Country Experts. The 
project aims to ensure a minimum of five experts for each indicator per country, facilitating a robust and diverse 
perspective. By employing a wide range of indicators and involving a substantial number of experts, V-Dem 
strives to provide a comprehensive understanding of democracy’s complexities and variations across countries. 

The V-Dem database offers a comprehensive range of democratic measures, surpassing the scope of the 
Index Index. Recognising this, the research team carefully extracted and isolated 171 variables from the extensive 
dataset that held significance for the model. These variables encompassed not only the three freedoms emphasised 
in the Index Index (academic, digital, and media/press freedom) but also encompassed broader contextual 
concerns, such as corruption and accountability measures, alongside various civil liberties. 

2.1.2. World Press Freedom Index 

The World Press Freedom Index, compiled by Reporters Without Borders (RSF), serves the purpose of 
comparing the level of press freedom across 180 countries and territories [21]. It provides a snapshot of the press 
freedom situation in these locations during the preceding calendar year prior to its publication. The Index utilises 

 
1 SLAPPs are vexatious lawsuits targeting journalists and other whistleblowers whereby powerful individuals and 

institutions use civil lawsuits to intimidate and financially threaten critics [7]. 
2 For the purpose of measurement, the term 'country' refers to a state or political entity, including Kosovo, 

Palestine, and Taiwan, which are not recognized as states by the UN. 
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a scoring system ranging from 0 to 100 to rank each country or territory. This score is derived from two key 
components: a quantitative assessment of abuses against journalists and media outlets, and a qualitative analysis 
of the overall situation within each country or territory. 

To obtain the qualitative analysis, RSF distributes a questionnaire in 23 languages to press freedom 
specialists, including journalists, researchers, academics, and human rights defenders. Following the calculation 
of scores, the countries and territories are arranged in an ordinal list from 1 to 180, with 1 indicating the highest 
level of press freedom. It is this raw score calculated for each country that we have utilised as a variable in our 
model’s development. 

2.1.3 Committee to Protect Journalists (CPJ) 

The Committee to Protect Journalists (CPJ) collects comprehensive data [22] on the imprisonment, killing, 
and disappearance of journalists. The CPJ's annual imprisonment census provides a snapshot of incarcerated 
journalists each year. However, this census does not account for the numerous journalists who are imprisoned and 
released throughout the year. Additionally, journalists who go missing or are abducted by non-state entities such 
as criminal gangs or militant groups are not included in the prison census. 

Since 1992, the CPJ has maintained detailed records of journalist fatalities. Their researchers independently 
investigate and verify the circumstances surrounding each death. The CPJ’s database encompasses both 
"confirmed" cases, where it is evident that a journalist was murdered as a direct reprisal for their work, during 
combat or crossfire, or while undertaking a hazardous assignment, as well as "unconfirmed" cases that involve 
unclear motives but may have a potential link to journalism. Ongoing research allows for the reclassification of 
cases. It is important to note that while both "confirmed" and "unconfirmed" cases are included in the CPJ’s 
database, targeted statistical analyses only include the "confirmed" cases. 

For the development of our model, we extracted the following information from the CPJ database for each 
country: the number of journalists and media workers killed, the number of journalists imprisoned, and the number 
of missing journalists. These variables serve as valuable inputs in our model development process. 

2.1.4 UNESCO observatory of killed journalists 

The Observatory of Killed Journalists, managed by UNESCO [23], serves as a visual representation of the 
institution’s strategic commitment to combating impunity and addressing crimes against journalists. This initiative 
aligns with the General Conference 36 C/Resolution 53 (2011), which urges UNESCO to collaborate with other 
United Nations bodies in monitoring the state of press freedom and the safety of journalists. In order to provide 
comprehensive insights, the study analyses information supplied by UN Member States, which is then categorised 
as either Resolved or Ongoing/Unresolved, shedding light on the progress of investigations into journalist deaths. 
To conduct this analysis, we extracted data from the Observatory, specifically the number of journalists killed in 
each country, which was used as a variable in our model. 

2.1.5 Cost of Shutdown Tool (COST) 

COST [24], developed by NetBlocks, is an invaluable data-driven online service that empowers a wide range 
of users, including journalists, researchers, advocates, policymakers, businesses, and others, to swiftly and 
effortlessly generate approximate assessments of the economic impact caused by Internet disruptions. By 
leveraging established methodologies pioneered by esteemed institutions such as the Brookings Institution and 
the Collaboration on International ICT Policy for East and Southern Africa (CIPESA), COST accurately gauges 
the potential economic consequences of internet shutdowns, mobile data blackouts, and social media restrictions. 
This powerful tool utilises publicly available economic indicators that pertain to the global digital economy. We 
utilised the COST platform to construct an additional variable for model development, specifically capturing the 
hourly cost of shutdown in each country, expressed in USD. 

2.1.6 Global Cybersecurity Index 

The Global Cybersecurity Index (GCI) [25] is a reputable source that evaluates countries' dedication to 
cybersecurity on a global scale, with the aim of raising awareness about the significance and diverse aspects of 
the issue. Given that cybersecurity encompasses a wide range of applications spanning multiple industries and 
sectors, each country’s level of development and engagement is assessed across five pillars: Legal Measures, 
Technical Measures, Organisational Measures, Capacity Development, and Cooperation. These pillars are then 
combined to form an overall score. 

The GCI adopts a multi-stakeholder approach and relies on the expertise and capabilities of various 
organisations. Its objectives include enhancing the survey’s quality, fostering international cooperation, and 
promoting knowledge exchange in the field of cybersecurity. The initiative is built upon the foundation and 
framework provided by the ITU Global Cybersecurity Agenda (GCA). To develop the model, the GCI score for 
each country were utilised as a variable. 

2.2. Data not included in the development of the Index Index 

The model does not include metrics which have no immediate bearing on, or a proxy indication of, issues 
relating to free expression. We nevertheless provide socio-economic data and broader contextual information that 
can be viewed when viewing data from a specific country on the online map that accompanies this project, in a 
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hover-over box that appears while viewing specific country data. The interactive map is included in the 
Supplementary Materials. 

We included this information to provide broadly corollary metrics that immediately show texture and depth 
to the metrics featured. This first revived iteration of the Index Index is provided alongside contextual data on the 
UN Human Development Index (HDI), the Gross Domestic Product (GDP) per capita as compiled by the UN, 
and the Population data as compiled by the United Nations Population Fund (UNFPA), enabling the reader to 
explore links - if any - between this data and the core metrics. 

2.3. A note on the political entities included 

Our modelling and visualization are influenced by the indices comprising the dataset. This influence 
becomes evident through the inclusion and exclusion of various countries and political entities in the Index Index. 
The Index Index incorporates both UN and non-UN member states, countries with observer status, and other 
nations or regions that may be autonomous parts of other states. For example, Kosovo and Taiwan are included 
in the Index Index despite not being recognized as UN member states, while Greenland, an autonomous part of 
Denmark, lacks available data. 

Moreover, the rankings of the British Overseas Territories, which are autonomous parts of the UK, and the 
overseas parts of France and the Netherlands, are attributed to their respective states. However, it is important to 
note that the nature of these overseas territories varies significantly. 

Unfortunately, due to gaps in the datasets, the Index Index lacks data for several countries, including (but 
not limited to) Liberia, Papua New Guinea, Federated States of Micronesia, Kiribati, Palau, Tonga, Tuvalu, 
Samoa, Dominica, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, Grenada, Andorra, 
Liechtenstein, San Marino, and the Holy See. 

2.4 Machine Learning method used 

We modelled the data using an unsupervised, probabilistic machine learning method, namely Generative 

Topographic Mapping (GTM) [13, 14]. The GTM is a machine learning algorithm designed for clustering, data 

stratification and visualisation, which has sound foundations in probability theory and provides a principled 
alternative to the Self-Organising Map (SOM) algorithm [26]. Rather than predicting whether two countries 
should be allocated the same cluster, the GTM predicts the probability of belonging to the same cluster. With this 
method, we created data clusters, where each of them represents a group of one or more countries that share 
similar characteristics. The GTM performs a soft assignment of countries to clusters. This is a robust approach 
that considerably reduces the risk of countries being assigned to the wrong clusters. 

The GTM assumes that the observed data is generated through a nonlinear and topology-preserving mapping 

from a low-dimensional latent space in ℜ𝔏 onto a manifold embedded in the high-dimensional space, ℜ𝔇, where 
the observed data reside. The function used to generate this embedding takes the form: 

𝐲 = 𝐖Φ(𝐮) (1) 

where 𝐮 is a point in the L-dimensional latent space, 𝐖 is a matrix containing parameters that govern the 
mapping, and Φ consists of S basis functions Φ𝑆, which for the standard GTM are radially symmetric Gaussians. 
If a prior probability distribution of 𝑝(𝑢) is defined for the latent space, then the distribution of data 𝐱, for a given 
𝐮 and 𝐖, is chosen to be a radially-symmetric Gaussian centred on 𝐲 = 𝐖Φ(𝐮) having a variance of β−1 so that: 

𝒑(𝐱|𝐮, 𝐖, 𝜷) = (
β

2𝜋
)

𝑫
𝟐

𝑒𝑥𝑝 {−
β

2
‖𝐲 −  𝐱‖𝟐} (2) 

where 𝐲 is as defined in (1). The GTM latent space is constrained to form a uniform discrete grid of M 
centres, analogous to the distribution of SOM units, in the form: 

𝒑(𝑢) =
𝟏

𝑴
∑ δ(𝑢 − 𝑢𝒊) 

𝑴

𝒊=𝟏

 (3) 

Each of these centres is responsible for generating a spherical Gaussian density function in the D-
dimensional data space. In this sense, the GTM can be understood as a special case of a Gaussian mixture model 
in which each component in the mixture defines the probability of an observable data point (e.g., a country) given 
a latent centre. Therefore, assuming the observed data points 𝑥𝑛 are independent and identically distributed (i.i.d.), 
the parameter matrix 𝐖 and the inverse variance β can be determined by maximising the log-likelihood given by: 

𝐋(𝐖, β|𝐗) = ∑ ln 𝑝(𝑥𝑛|𝐖, 𝜷) 

𝑵

𝒏=𝟏

= ∑ ln {
𝟏

𝑴
∑ 𝑝(𝑥𝑛|𝑢𝑖 , 𝐖, β) 

𝑴

𝒊=𝟏

} 

𝑵

𝒏=𝟏

 (4) 

where 
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𝑝(𝑥𝑛|𝑢𝑖 , 𝐖, β) = (
β

2𝜋
)

𝑫
𝟐

𝑒𝑥𝑝 {−
β

2
‖𝑦𝐢  −  𝑥𝒊‖

𝟐} (5) 

In equation (5), 𝑦𝑖 is defined using equation (1) and is a D-dimensional point the manifold embedded in the 
data space for the point 𝑢𝑖 in the latent space. The adaptive parameters of the model are optimised using the 
expectation-maximisation (EM) algorithm. Matrix 𝐖 is updated as the solution to the following system of 
equations: 

Φ𝑇𝐺𝑜𝑙𝑑  Φ𝑊𝑛𝑒𝑤
𝑇  − Φ𝑇𝑅𝑜𝑙𝑑𝑋 =  0 (6) 

where Φ is a 𝑀 × 𝑆 matrix with elements 𝜙𝑆(𝑢𝑖); 𝑋 is the observed data matrix  𝑁 × 𝐷 matrix with elements 
𝑥𝑛𝑚; 𝐑 is the matrix of responsibilities that define the probability of the data point 𝑥𝑛 being generated by the 
latent point 𝑢𝑖 defined as 𝑅𝑖𝑛 = 𝑝(𝑢𝑖|𝑥𝑛, 𝑊𝑜𝑙𝑑, 𝛽𝑜𝑙𝑑); and 𝐺 is a diagonal matrix with elements ∑ 𝑁𝑅𝑖𝑛𝑛=1 . 
Finally, the β parameter is updated according to the following: 

(βnew)−𝟏 =
1

𝑁𝐷
∑ ∑ 𝑅𝑖𝑛‖𝑦𝐢  −  𝑥𝒏‖𝟐

𝑴

𝒊=𝟏

𝑵

𝒏=𝟏

  (7) 

Note that the observed data 𝑋 requires to be normalised before training (e.g. by centring the data around zero 
and scaling the data so that the new standard deviation becomes 1). For the full details on the calculations, please 
refer to the original publication [13]. 

The GTM can not only assign data points to clusters but also can visualise them in a cluster membership 
map by projecting the latent centres. The GTM latent space can serve for visualisation purposes if its number of 
dimensions is 1 or 2, to which the mode probability (i.e. the highest cluster probability) is used to decide the 
country’s cluster membership. 

For the trained GTM, each cluster centre 𝒚𝑖, henceforth named as a reference vector, is a prototype of the 
data. Reference maps associated with each of the variables were generated based on the reference vector 
components. These reference maps can be visualised in the form of heatmaps and the high and low values can be 
used to interpret the relationship between each variable and each country cluster. This can provide further 
information/interpretation about the role of each variable used in the model. 

2.5 Index Index ranking 

A ranking was then generated by leveraging aggregated, normalised information from the reference maps 
that represent the relevant extracted variables. In this sense, a country will be given a score, which is calculated 
as follows: 

𝑆𝑐𝑜𝑟𝑒𝑛 = ∑ 𝑅𝑖𝑛𝒚̃𝑖

𝑴

𝒊=𝟏

 (8) 

Where 𝒚̃𝑖 is the normalised reference vector or centre 𝒚𝑖. Countries are ranked according to their calculated 
score. This ranking is not a direct ranking of countries, but instead, it is a ranking of the different country clusters 
that were automatically identified from the data using GTM. This means that in a single position of the ranking, 
we could have more than one country sharing such a position. The developed ranking was then divided into 10 
groups according to its distribution of scores to form the 10 deciles of the scale of free expression, where lower 
deciles represent higher levels of free expression and higher deciles represent lower levels. 

3. Results 

3.1. Country clustering visualisation 

The visualisation in Figure 1 (representing the cluster membership map in the GTM latent space of the 
developed model) shows a representation of a different kind of world map, where every circle represents a cluster, 
and each cluster is representing one or more countries. In accordance with the original GTM publication[13], we 
set the number of clusters to 100 (arranged in a grid of 10 × 10) and the number of basis functions to 16 (arranged 
in a grid of 4 × 4). The GTM regularisation term was optimised, and the one resulting in the lowest error (negative 
log-likelihood) was selected (Table S1, Supplementary Material). As discussed earlier, the GTM predicted the 
probability of countries belonging to the same clusters in the below visualisation. The top-left-hand side of the 
visualisation represents the highest deciles of free expression, while the top right represents the lowest. This 
visualisation of the data is intended to help identify commonalities or differences and related factors to better 
understand the changing free expression landscape. Figure 1 shows the countries allocated to a selection of 
clusters. The full allocation of countries per cluster can be found in the Supplementary Materials. 



6 

 

 

Figure 1. Country clustering visualisation (cluster membership map) colour-coded by the cluster ranking. The countries 
allocated to a selection of clusters are displayed. Cluster separation indicates similarity (i.e. closer clusters are more similar 

than further clusters). 

3.2. Visualisation of the reference maps 

A selection of reference maps is presented in Figure 2, showing the distribution of the clusters (and therefore 
countries) against the selected variables. They are organised by IoC freedom index areas: academic, media and 
digital freedom. The reference maps corresponding to all the variables used can be found in the Supplementary 
Materials. 
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Figure 2. Selected reference maps for 15 of the variables used to produce the GTM model. 

3.3. Global ranking of countries/nations – deciles 

The Index Index groups states’ free expression ranking into ten categories - deciles - intended to convey the 
complexity and nuance of the global practice of censorship, see Table 1. The deciles ensure the eventual ranking 
does not erase distinctions between countries/nations, but also presents a clear picture of the global free expression 
environment. A world map representation showing the global ranking of censorship by deciles is shown in Figure 
3, with the highest deciles of free expression represented in green (lowest values), and the lowest levels in red 
(highest values). The rankings per area of freedom (academic, digital and media) can be found in the 
Supplementary Materials. 

Table 1. Global ranking of free expression by deciles. Lower ranks represent higher levels of free expression while higher 
ranks represent lower levels of freedom. 

Countries and nations Global rank 

Austria, Belgium, Canada, Denmark, Estonia, Finland, Germany, Iceland, Ireland, Latvia, 

Lithuania, Luxembourg, Netherlands, New Zealand, Norway, Sweden, Switzerland 
1 

Australia, Barbados, Cape Verde, Chile, Costa Rica, Cyprus, Dominican Republic, France, 

Israel, Italy, Jamaica, Japan, Malta, Portugal, Slovakia, Spain, Trinidad and Tobago, Uruguay 
2 

Czechia, Greece, Moldova, Namibia, Panama, Romania, South Africa, South Korea, Suriname, 

Taiwan, Tunisia, United Kingdom, United States of America, Vanuatu 
3 

Argentina, Armenia, Benin, Botswana, Bulgaria, Croatia, Georgia, Ghana, Guyana, Hungary, 

Kosovo, Mongolia, Montenegro, Peru, Poland, Sao Tome and Principe, Senegal, Seychelles, 

Slovenia, Solomon Islands, Timor-Leste 

4 

Albania, Ecuador, Guatemala, Guinea-Bissau, Honduras, Madagascar, Malawi, Maldives, 

Mauritius, Mozambique, Niger, Nigeria, Paraguay, Sierra Leone, The Gambia 
5 
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Angola, Bhutan, Bolivia, Bosnia and Herzegovina, Brazil, Indonesia, Ivory Coast, Jordan, 

Kenya, Kyrgyzstan, Lesotho, Mexico, Nepal, North Macedonia, Philippines, Serbia, Singapore 
6 

Burkina Faso, Central African Republic, Colombia, Comoros, Democratic Republic of the 

Congo, El Salvador, Fiji, Gabon, Haiti, India, Kuwait, Lebanon, Malaysia, Mali, Morocco, 

Pakistan, Sri Lanka, Tanzania, Togo, Ukraine, Zambia 

7 

Algeria, Bangladesh, Cameroon, Chad, Djibouti, Ethiopia, Guinea, Iraq, Kazakhstan, Libya, 

Mauritania, Rwanda, Thailand, Uganda, Zimbabwe 
8 

Afghanistan, Azerbaijan, Egypt, Hong Kong, Oman, Palestine, Qatar, Republic of the Congo, 

Russia, Somalia, Sudan, Türkiye, Uzbekistan, Venezuela, Vietnam 
9 

Bahrain, Belarus, Burma/Myanmar, Burundi, Cambodia, China, Cuba, Equatorial Guinea, 

Eritrea, Eswatini, Iran, Laos, Nicaragua, North Korea, Saudi Arabia, South Sudan, Syria, 

Tajikistan, Turkmenistan, United Arab Emirates, Yemen 

10 

Note: The countries within each grouping are ranked alphabetically and do not present a ranking within the groupings. 

 

Figure 3. World map showing the global free expression ranking. 

4. Discussion 

4.1 Creating meaningful representations using GTM 

Due to the challenges of data collection and data representation, there exist high levels of uncertainty that 
could potentially have a negative impact on the modelling process. GTM, being a robust probabilistic algorithm, 
calculates the probability of a cluster being responsible for a country while accounting for this uncertainty. In this 
analysis, the GTM cluster centres or prototypes serve as representations of freedom of expression, effectively 
stratifying the landscape of freedom of expression. A crucial property of GTM is the preservation of data topology, 
signifying that similar clusters will be positioned closer together in the latent space. Consequently, even if the 
most probable cluster assigned to a country does not precisely correspond to the actual one, it is expected to be 
closer to the correct one. In contrast, popular clustering techniques such as k-means, lacking probabilistic 
foundations, are not specifically designed to handle such levels of uncertainty. 

In addition, GTM is particularly useful for crafting meaningful data representations by transforming high-
dimensional information into a lower-dimensional space while retaining the intrinsic structure of the data. 
Alternative visualisation algorithms such as t-SNE[27] and UMAP [28] have gained popularity for data 
visualisation through dimensionality reduction. However, these techniques do not possess the capability to extract 
data prototypes in the manner that GTM does, which poses a challenge when it comes to stratifying countries 
based on freedom of expression. In contrast, GTM creates a visualisation (the cluster membership map) that 
captures the underlying patterns, relationships, and clusters within the data by mapping data points to these 
prototypes. This process allows for a more comprehensible and interpretable depiction of complex data, aiding in 
knowledge extraction and facilitating insights that might otherwise remain hidden in the original high-dimensional 
space. GTM has found applications in various real-world scenarios across different domains. In bioinformatics, it 
has been used to model protein structures and understand their conformational spaces, providing insights into 
protein folding and function, which is crucial for drug design [29], disease understanding [30], and other 
biomedical applications [31–33]. It has also been used to model species distributions and understand ecological 
patterns, e.g., to understand species composition of a forest to assess biodiversity [34], and to study the ecological 
status of streams [35]. It has also been used in the financial sector, e.g., for early identification of business 
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opportunities [36]. These examples highlight the versatility of the GTM in addressing real-world challenges across 
diverse fields. However, to the best of our knowledge, GTM has not been used before to study censorship or 
freedom of expression, hence making this a positional article in the application of GTM within this field. 

4.2 Interpreting the visualisations (membership and reference maps) 

The country clustering visualisation (cluster membership map) presented in Figure 1 provides another way 
to examine the data. It can then be used to show: i) the details of the individual countries within each cluster, 
indicating that they share very similar characteristics; ii) the location of the countries across all clusters, allowing 
for the representation of a certain degree of similarity if they are allocated to neighbouring clusters; and iii) the 
assigned colour-coded ranking to each of the clusters, and therefore to the countries that these clusters represent. 

The reference maps provide further information/interpretation about the role played by each variable in the 
development of the GTM model, with high values representing areas of the maps where the variables had a higher 
influence, and low values representing otherwise. When exploring the reference maps of the academic freedom 
variables from Figure 2, which include freedom of academic exchange and dissemination (Figure 2.A), freedom 
of discussion (Figure 2.B), and freedom to research and teach (Figure 2.C); we can see that the higher values for 
those variables are on the left-hand side of the reference maps, which coincide with the areas with better rankings 
of freedom (see Figure 1). 

Regarding the media freedom variables, we can also see high values on the left-hand side of Figure 2.D and 
Figure 2.F which represent civil liberties and political civil liberties, respectively. In the case of the public sector 
corruption index (Figure 2.I), we see high values in the top right quadrant where the clusters represent countries 
such as Nicaragua, Yemen, Somalia, and Eswatini, among others. Also in this area, we see high values in the 
reference map of regime corruption (Figure 2.J). 

In the case of the digital freedom variables, we can see high levels of online media fractionalization (Figure 
2.N) in the cluster of Eritrea, North Korea, and the United Arab Emirates, and high levels of internet censorship 
effort (Figure 2.M, which higher values meaning that the governments allow generally unrestricted Internet 
access) in countries represented by a higher level of freedom (left-hand side of Figure 1). These examples illustrate 
how the role of each of the variables used to produce the GTM model can be studied by visualising their respective 
reference maps. 

4.3 Insights from the global ranking of countries/nations 

A closer inspection of the global ranking in Table 1 and the rankings in the different areas of freedom 
(academic, digital, and media/press) show that Europe dominates the list of countries that were in the 1st decile 
(least censorship/greatest freedom) for all three freedoms. These include Austria, Belgium, Denmark, Estonia, 
Finland, Germany, Iceland, Ireland, Latvia, Lithuania, Luxembourg, Netherlands, Norway, Sweden and 
Switzerland. The G20 Member States are spread across the full Index Index. Using the global ranking, Australia, 
Canada and Germany are the highest place members (1st decile), with Saudi Arabia and China being the lowest 
(10th decile). 

For the global ranking, G7 Member States are placed: Canada = 1st, France = 2nd, Germany = 1st, Italy = 
2nd, Japan = 2nd, United Kingdom = 3rd and USA = 3rd decile. 

Much like G20 Members, UN Security Council members, including both permanent and non-permanent 
members, are spread across the full Index. Using the global ranking, Ireland and Norway are the highest place 
members (1st decile) and China and the United Arab Emirates are the lowest (10th decile). Out of the Permanent 
members, France (2nd decile) is the highest-ranking member, with Russia (9th decile) the lowest. Across the three 
freedoms, the United Kingdom is consistently found in the 3rd decile. This is similar to the United States of 
America. However, the latter is in the 4th decile for academic freedom. 

The countries that were in the 10th decile for all three freedoms are Bahrain, Belarus, Burma/Myanmar, 
Cuba, Equatorial Guinea, Eritrea, Iran, Laos, North Korea, Syria, Turkmenistan, United Arab Emirates and 
Yemen. 

4.4 Use and potential impact of the Index Index 

By making available indices that provide objectively verifiable, clearly ranked data about rates of freedom 
of expression, in contrast to or perhaps as linked to academic freedom, the Index Index seeks to provide legislators 
and other policymakers, activists and governments, and non-governmental and intergovernmental organisations, 
with tools to better inform policy or action decisions. Developing a wide range of campaigning and advocacy 
tools that can benefit from emergent and innovative technologies and research approaches to synthesize and 
present compelling and data-rich information is vital to ensure rights advocacy is underpinned by all available 
expertise that can be accessed easily and clearly. As seen in previous metrics, including those that are incorporated 
into the dataset for the Index Index, empirical data generated by this pilot project can be highly effective when 
communicated with policymakers to encourage more affirmative action when it relates to free expression, 

including more robust protection for journalists [37, 38], the formulation of rights policies for educational 

institutions and ensuring all surveillance policies deployed for policing or national security purposes are rights-



10 

 

respecting. These are a few examples of how the Index Index can be used but should not be assumed to limit how 
it can be used by a wide range of stakeholders. 

While the Index Index abstracts from the particular experiences of writers, journalists and academics facing 
daily repression across the globe, the overall ranking hints at what is at stake. It constitutes a call, directing the 
attention of those with a voice to denounce it, to where free expression is at greatest risk and providing insights 
into the granular policy areas needing attention. The global nature of the proposed index also means it can become 
a vital resource and tool for engagement with international and supranational bodies such as the United Nations, 
as well as other regional mechanisms such as the European Union, Council of Europe, African Union and the 
Inter-American Commission on Human Rights, whose work requires country-by-country, regional and global data 
sources. 

As the Index Index is an index of existing respected and trusted indices and metrics it depends on robust and 
accurate data produced by the wider community of experts. The process of compiling and producing the Index 
has demonstrated its own use-case as it has identified the need for increased monitoring, verification and sharing 
of granular country-by-country level data on a wide range of markers against free expression more broadly, as 
well as academic, artistic, digital and media/press freedom. While also strengthening further iterations of this pilot 
project, this will also strengthen the global movement to protect free expression. 

In this, too, the study provides the basis for developing insights into the political economy of censorship and 
freedom which shine a light - not always flattering - on human conduct towards others in our midst. Objective 
data and analysis provided by the Index Index encourage us to ask, simply, what will it take for us to live less 
censored lives and what must we do to achieve greater respect towards human dignity.. 

5. Conclusions 

This project collected and collated pre-existing, robust data on the status of the free expression landscape on 
a global scale. We modelled the data using the GTM, an unsupervised, probabilistic machine learning method, to 
explore whether the model produced new insights into state conduct, human rights, and governance. The use of 
such a model removes an element of subjective interpretation from the modelling process and provides the 
resulting Index Index with a greater degree of rigour than previous rankings.  

On close examination, the reader can be expected to find unexpected outcomes that call into question, 
correlation or causality. The Index Index provides a powerful policy tool for all those seeking a clear picture of 
the health of the free expression environment, as well as what needs to happen to change the rankings. 
 

Supplementary Materials: The following supporting information includes the list of variables, additional clustering 
visualisations, detailed ranking per area of freedom, and detailed reference maps per area of freedom. 
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