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Abstract 

The aim of the study is to quantitatively assess Armenia’s strategic role in the global blockchain ecosystem, 

revealing the country’s position relative to global competitors. The study was conducted on a selection of 50 

countries, using a number of other elements: cryptocurrency adoption, innovation potential, and digital infrastruc-

ture. For practical analysis, the K-means clustering method was used, which allows classifying countries into ho-

mogeneous groups, as well as Principal Component Analysis (PCA). 

As a result of the cluster analysis, three main clusters were identified: “Global Leaders”, “Emerging Integra-

tors” and “New Entrants”. Armenia falls into the “Emerging Integrators” cluster, which is characterized by an 

above-average innovation potential (≈ 0.53) and a strong digital infrastructure (≈ 0.8), but a relatively low crypto 

adoption rate (≈ 0.019). 

In addition to cluster analysis, an optimization model was also used, which showed that Armenia’s transition 

to the “Global Leaders” cluster will require capital investments, a sharp improvement in the legislative framework, 

and human resource development. 

This research fills a scientific gap by providing a quantitative assessment of Armenia’s position on the global 

blockchain map and forming a practical basis for developing targeted state policies, optimal resource allocation, 

and technological integration strategies. 
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Introduction: Blockchain technology, based on 

the immutability principle of Distributed Ledger Tech-

nology (DLT), has expanded beyond cryptocurrencies 

in the last decade to become a key driver of the global 

digital economy[10]. Global market analysis shows 

that by 2030, the volume of investments in blockchain 

technologies will increase dramatically, forming the in-

frastructure of a new digital economy. In this context, 

the Republic of Armenia, which has a strong engineer-

ing tradition and a developing technological ecosystem, 

aspires to become a regional digital center. According 

to official reports, Armenia’s IT sector is showing a 

steady growth of more than 20% annually, and the In-

novation Index (0.534) and Digital Infrastructure Index 

(0.8) correspond to an above-average level compared to 

a sample of 50 countries. These indicators indicate that 

Armenia has the technological readiness for the adop-

tion and spread of blockchain. 

However, there is a significant disparity between 

Armenia's high-tech potential and the market adoption 

of blockchain: the Crypto Adoption Score is only 

0.019, which proves that technological capabilities are 

not yet fully reflected in the level of market integration. 

A study of global blockchain strategies shows that 

the key success factors for large and small economies 

are strategic government support, an open regulatory 

environment, and policies aimed at human capital de-

velopment. However, for small and developing econo-

mies like Armenia, what is needed is not a direct trans-

fer of the experience of world leaders, but a compre-

hensive quantitative modeling that will allow 

understanding the interaction between the country's in-

novation potential and investment constraints[4]. In 

this regard, this study fills a scientific gap by providing 

a quantitative assessment of Armenia's position on the 

global blockchain map based on multivariate statistical 

analysis and optimization modeling. 

The main objectives of the research are: 

• to quantitatively assess Armenia’s integration 

into the global blockchain ecosystem, 

• to identify the factors that shape the country’s 

position in different clusters, 

• to develop the structure of strategic investments 

that will have the greatest impact on Armenia’s level of 

blockchain integration. 

Therefore, three main research questions are for-

mulated: 

1. What is Armenia’s level of integration into the 

global blockchain ecosystem compared to 50 coun-

tries? 

2. By what factors do different clusters (e.g. “Stra-

tegic Transformation Nodes” and “Adjustable Potential 
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Levers”) differ according to the main components iden-

tified by PCA? 

3. What are the optimal investment directions that 

will have the greatest impact on Armenia’s blockchain 

integration and strategic positioning? 

Literature review: The literature has extensively 

explored the theoretical foundations of blockchain and 

its transformative potential[5][9]. Recent research has 

focused on quantifying the economic impact of block-

chain. Tapscott and Tapscott[10] highlight the im-

portance of creating an “Internet of Value” that enables 

decentralized and intermediary-free transactions. 

Scholarly sources document that blockchain adoption 

is positively correlated with a country’s GDP growth 

and digitalization indices[3]. However, this impact var-

ies greatly depending on a country's digital infrastruc-

ture, level of human capital, and regulatory environ-

ment[1]. A significant number of studies analyze the 

role of blockchain in increasing financial inclusion[1] 

and ensuring transparency in supply chains[7]. The 

general consensus is that active government support 

and “open” regulation are vital for the blockchain eco-

system to flourish. Attempts to map the global block-

chain landscape have been made in both academic and 

corporate circles. Corporate reports often use multi-at-

tribute indices to rank countries by blockchain readi-

ness criteria (e.g., regulatory framework, talent, fund-

ing). Academic studies that use cluster analysis typi-

cally classify countries into four to five main clusters: 

“Leaders”, “Followers”, “Potential”, and “Needs De-

velopment”[8]. These studies often use Principal Com-

ponent Analysis (PCA) or Factor Analysis to reduce 

multiple indicators to one or two main dimensions (e.g., 

“Innovative Capacity” and “Regulatory Support”). This 

methodology allows for a quantitative determination of 

a country’s position, free from subjective assessments. 

Particular attention has been paid to the role of 

small countries, which often have flexible regulatory 

bodies and small communities of highly qualified IT 

professionals. For example, Malta, Switzerland (Crypto 

Valley), and Singapore are seen as small economies 

that have become global blockchain hubs thanks to 

their regulatory approaches[2][6]. The successes of 

these countries demonstrate that economic size is not 

necessarily a barrier if there is strategic government 

support and an innovation culture. However, regional 

(Caucasus) comparative analyses using quantitative 

cluster models remain limited.  

Despite the general mapping of the global 

blockchain landscape, a specific scientific gap is 

observed in the quantitative assessment of Armenia’s 

strategic position. The existing literature mainly 

focuses on developed countries or on individual 

technical aspects of blockchain. There is a lack of a 

model that would apply cluster analysis to rank 

Armenia among global competitors based on multiple 

socio-economic and technological indicators. 

Moreover, there are no publications that would apply 

optimization modeling to provide clear indications on 

how Armenia can maximize (max) its integration index 

given the available resources and constraints (e.g. 

budget, infrastructure). This study aims to fill this gap 

by providing a quantitative, methodologically rigorous 

analysis that will serve as a basis for informed policy 

development. 

Methodology: The methodology of the present 

study is based on quantitative and comparative 

analytical approaches, the purpose of which is to reveal 

the position and strategic role of Armenia in the global 

blockchain ecosystem. The study was conducted in 

three stages: data collection, cluster analysis, and 

optimization assessment. 

In the first stage, open data was collected from 

various international sources, including the annual 

reports of the World Bank, OECD, Statista, and 

Chainalysis. The data included the level of blockchain 

technology adoption, digital asset turnover, investment 

climate indicators, as well as assessments of the legal 

and institutional environment for different countries. 

In the second stage, cluster analysis was 

performed using the K-Means and Hierarchical 

Clustering methods, aiming to classify countries by the 

level of blockchain development and adoption. The 

data was normalized using the Z-score method to 

reduce the impact of different doses. The optimal 

number of clusters was determined using the Elbow 

Method and Silhouette Score criteria. 

At the final stage, an optimization analysis was 

conducted to assess the factors whose improvement 

could contribute to Armenia’s transition to a more 

advanced cluster, the so-called “Global Leaders” 

group. For this purpose, a baseline regression and 

multi-criteria optimization model was built that 

assesses the impact of investments, legislative reforms, 

and technological innovations on the competitiveness 

of Armenia’s blockchain sector. 

The research methodology is aimed at ensuring the 

comparability and objectivity of the results obtained, 

allowing for the formation of a scientific justification 

for Armenia’s strategic position and development 

potential in the global blockchain environment. 

Analysis: The aim of the study is to quantitatively 

assess Armenia’s position in the global blockchain eco-

system based on key indicators of digital readiness, in-

novation potential, and cryptocurrency adoption. For 

this purpose, a comparative analysis framework was se-

lected, covering 50 countries representing different lev-

els of economic and technological development. 

The study is based on four key metrics, which are 

considered key factors in blockchain integration and 

technological readiness[7][4]. 

1. Crypto Adoption Score - reflects the degree of 

mass adoption of cryptocurrencies by the population of 

a given country. It serves as the best proxy for the fi-

nancial activity of blockchain. 

2. Innovation Index - shows the development of 

the country's overall innovation ecosystem, which is di-

rectly related to the ability to create and implement 

blockchain and other innovative technologies. 

3. Digital Infrastructure Index - reflects the physi-

cal and technical foundations (e.g. network quality, 

data centers) necessary for the operation of any digital 

technology, including blockchain. 

4. Internet Penetration (%) - shows the percentage 

of the population that has internet access, which is a 
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fundamental prerequisite for mass adoption of block-

chain. 

The indicators calculated for Armenia are: 

• Crypto Adoption Score -0.019 (Low score, indi-

cating limited mass adoption). 

• Innovation Index - 0.534 (Above average, con-

sistent with the country's IT role). 

• Digital Infrastructure Index - 0.80 (High, indicat-

ing a strong technical foundation). 

These data indicate a gap between a high-tech 

foundation and market adoption, which was further 

confirmed by the results of the caste analysis. 

To ensure the accuracy of the multivariate analy-

sis, all variables were standardized before conducting 

the K-means clustering and PCA analyses. The Z-Score 

method was used, which brings each indicator to the 

same scale, having a zero mean and one standard devi-

ation. This process prevents the situation where varia-

bles with a large value range dominate the analysis. 

To divide the countries in the data set into homo-

geneous groups (clusters), the K-means clustering al-

gorithm was used, which aims to minimize the sum of 

squared errors (SSE) within the groups. The optimal 

number of clusters was determined using the Elbow 

method. 

 
Figure 1 : Elbow metod klasters 

 

Examination of the graph shows that the Elbow 

forms at K=3, indicating that the separation of three 

clusters provides an optimal balance between intra-

cluster homogeneity and the number of clusters. There-

fore, the value of K=3 was chosen for further analysis. 

PCA was applied for two main purposes: 

a) To reduce the multidimensionality of the four 

indicators 

b) To show how the baseline indicators cluster into 

new Principal Components (PCs). 

The application of the K-means algorithm re-

vealed three distinct groups of 50 countries based on 

blockchain adoption, innovation, digital infrastructure, 

and internet access. 

 
Figure 2: Mean indicators for each cluster 

 

The figure allows us to characterize each cluster. 

The “Global Leaders” cluster shows the highest 

average values for all four indicators, especially in 

terms of Crypto_Adoption_Score and Innovation_In-

dex. They represent the most advanced countries in the 

implementation of blockchain and digital technologies. 

The “Emerging Integrators” cluster occupies an 

average position, having a fairly high Internet access 
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indicator, but they are inferior to the leaders in terms of 

Crypto_Adoption_Score and Innovation_Index. 

The “New Entrants” cluster is characterized by the 

lowest values for all four indicators, which indicates 

that they are at the very initial stage of development. 

Table 1:  

Classification of Countries by Cluster 

Global 

Leaders

Emerging 

Integrators
New Entrants

Armenia Saudi Arabia Estonia

Azerbaijan UAE Latvia

Georgia Lithuania

Russia Turkey

Ukraine Israel

Kazakhstan Qatar

Uzbekistan Germany

Kyrgyzstan France

Tajikistan Italy

Moldova Spain

Belarus Poland

Iran Netherlands

India Sweden

Indonesia Norway

Philippines Finland

Vietnam Switzerland

Brazil China

Mexico Japan

Argentina South Korea

Nigeria Singapore

South Africa Malaysia

Egypt Thailand

Kenya USA

Canada

Chile
 

 

1. Global Leaders. This cluster is characterized by 

the highest average values in all four indicators, espe-

cially in the Crypto Adoption Score and Innovation In-

dex. The group includes Emerging Markets (e.g. India, 

Nigeria, Brazil), where high crypto investment is 

driven not by institutional factors but by financial insta-

bility and the need for money transfers (P2P motives). 

2. Emerging Integrators. This cluster (Saudi Ara-

bia, UAE) has excellent digital infrastructure indicators 

(Digital Infrastructure Index), but a moderate average 

level of crypto investment. It represents countries with 

high resources and government support, which are 

ready for integration, but currently exhibit a cautious, 

centralized management model. 

3. New Entrants. The cluster consists of highly de-

veloped countries in North America and Western Eu-

rope. It has the lowest average Crypto Adoption Score 

and a medium Innovation Index (compared to K0), in-

dicating the dominance of regulatory frameworks and 

institutional caution before mass adoption. This group 

is in the initial, foundational stage of technological in-

tegration. 

Principal Component Analysis (PCA) was used to 

reduce the dimensionality of the original four indicators 

and identify the independent factors underlying them. 

Explained VarianceThe first Principal Component 

(PC1) explains 40.81% of the total variance, and the 

second Principal Component (PC2) explains an addi-

tional 28.80%. Thus, the first two components together 

explain more than 69.61% of the total variance of the 

data set, which allows further analysis to focus only on 

PC1 and PC2 without significant loss of information. 
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Figure 3: Principal component analysis 

 

The study of PC Loadings allows us to make sense 

of and characterize the essence of the newly obtained 

components. 

“Basic Digital Infrastructure and Innovation 

Readiness”. Axis PC1 exhibits the highest negative 

loadings on the “Digital Infrastructure Index” (-0.7107) 

and “Innovation Index” (-0.4825) indicators. Although 

the loadings are negative, their magnitude indicates a 

strong relationship. This component reflects the level 

of Basic Digital Capabilities and Innovation Maturity 

of a country. That is, countries with a high Digital In-

frastructure Index and Innovation Index will have a low 

(negative) score on PC1, and vice versa. 

“Crypto Investment Intensity”. Axis PC2 has the 

highest positive loadings on the “Crypto Adoption 

Score” (0.6952) and “Innovation Index” (0.6696). PC2 

reflects the intensity of actual adoption of blockchain 

and digital assets, especially in countries where innova-

tion is directly related to the decentralization of finan-

cial services. This axis divides countries based on the 

dynamism of their crypto market. This phase of the 

analysis confirms that the digital readiness of countries 

can be effectively measured by two main independent 

dimensions: one related to the basic infrastructure and 

innovation capacity (PC1), and the other to the intensity 

of technological (crypto) investment itself (PC2). Thus, 

Armenia’s current position can be characterized as an 

innovation-potential but market-cautious economy that 

has not yet realized its full potential in the field of 

blockchain integration. 

Optimization model construction - based on the 

results of cluster analysis, an optimization model was 

developed, the purpose of which is to maximize the 

strategic influence in the blockchain sector of Armenia, 

in conditions of limited resources, that is, it is necessary 

to find out how and where (in which clusters) the 

maximum strategic influence can be achieved in the 

global blockchain through joint investments and 

political steps, taking into account resource constraints 

(budgetary, energy, human capital, legislative risk, 

etc.). 

In the model, investment directions are divided 

into five main sub-sectors: Mining, Node Hosting, 

Startups, R&D and Exchanges. 

• The main parameters and constraints of the 

model are: 

• Total investment ≤10 million USD[11][12[13], 

• Total energy consumption ≤4 million 

USD[14][15][16], 

• Jobs created ≥ 80[17][18], 

• Regulatory risk ≤0.4 (weighted 

average)[19][20], 

• Talent readiness ≥ 0.6[21], 

• Minimum R&D funding ≥ 1 million USD. 

The formulation of the objective function is to 

maximize Armenia’s strategic impact, taking into 

account the equivalent efficiency of one million USD 

investment in each sector. 

Optimization calculations have shown that the 

maximum result is achieved by focusing about 80% of 

investments on startup development and with minimal 

mandatory allocations to the R&D sector. 

As a result, the value of the calculated objective 

function was 68.5 points, which represents the 

maximum level of strategic impact of Armenia’s 

blockchain investment portfolio. 

The searchable results in the model are: the 

amount of annual investments directed by Armenia to 

the i-th cluster, i=1,2,…,k (k is the number of clusters), 

the total amount allocated (million USD). 

The optimality criterion of the problem is to 

maximize Armenia's strategic influence and we will 

calculate it using the following formula: 

𝐹𝑚𝑎𝑥 = ∑ 𝑐𝑖𝑥𝑖

𝑘

𝑖=1

 

Where cj is the strategic impact for every $1 

million invested in cluster I. The mathematical model 

of the problem is: 

1․ Budget constraint: ∑ 𝑥𝑖 ≤ 𝐵𝑘
𝑖=1 ` total 

investments cannot exceed the budget, meaning that the 

Republic of Armenia has limited financial resources for 

investments. 

2. Human resource costs (hours / talent availabil-

ity): ∑ 𝑗𝑖𝑥𝑖 ≥ 𝐽𝑚𝑖𝑛
𝑘
𝑖=1 : the minimum number of jobs 

that must be created to ensure employment. 

3. Energy constraint: ∑ 𝑒𝑖𝑥𝑖 ≤ 𝐸𝑚𝑎𝑥
𝑘
𝑖=1 : The total 

energy consumption cannot exceed the constraint, i.e. 

the energy capabilities of the IT infrastructure are lim-

ited. 

4. Legislative risk: ∑ 𝑟𝑖𝑥𝑖 ≤ 𝑅𝑚𝑎𝑥 ∙ ∑ 𝑥𝑖
𝑘
𝑖=1

𝑘
𝑖=1 , a 

small market investment confidence indicator. 

5. Weighted average talent: ∑ 𝑡𝑖𝑥𝑖 ≥ 𝑇𝑚𝑖𝑛 ∙𝑘
𝑖=1

∑ 𝑥𝑖
𝑘
𝑖=1 , will ensure the educational and technological 

readiness of the Republic of Armenia. 

6. The condition for non-negative filling of varia-

bles is: 𝑥𝑖 ≥ 0, since it is a monetary quantity. 

The initial data of the problem is presented in the 

table (Table 3). 
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Table 2:  

Numerical model of the problem 
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Mining[22] 7.5 0.33 12 0.6 0.5 

Node Hosting (Data centers / validator 

nodes / hosting)[23] 6 0.043 8 0.2 0.7 

Startups (DeFi, apps, fintech startups)[24, 

pp. 5–9][25, Table 2.4][26, p. 12] 
7 0.06 10 0.3 0.65 

R&D (Universities, training, grants, talent 

development)[27, pp. 17–23][28] 
5 0.02 18 0.1 0.8 

Exchanges (exchanges, crypto services, cus-

todial services)[39, pp. 32–34] [30]31, Ta-

ble 3.2] 

6.2 0.05 6 0.4 0.6 

As a result of solving the problem, we found the 

following optimal distribution: 

• Startups (DeFi, FinTech, applications) - about 

80% of investments, 

• R&D (research and education) - minimum man-

datory investment - 10%, 

• The remaining directions - Mining, Node Host-

ing and Exchanges - were not included in the optimal 

plan due to high energy and regulatory risks. 

As a result of this distribution, the maximum value 

of the objective function was 68.5 points, which repre-

sents the peak of the strategic impact of the Armenian 

blockchain investment portfolio. 

A more detailed analysis also showed the sensitiv-

ity to resource constraints. 

• An increase in budgetary resources by one mil-

lion dollars increases the strategic impact by about 7 

points, 

• An increase in human capital by one point in-

creases the value of the objective function by an aver-

age of 3.3 points, 

• Reducing R&D investments, on the contrary, has 

almost no effect on efficiency, but has an important 

structural significance in terms of maintaining the edu-

cational base. 

The data obtained indicate that the most scarce re-

source in Armenia's blockchain strategy is financial re-

sources, and the second important factor is the limited 

potential of human capital. 

Conclusions: In summary, this study aimed to 

quantitatively assess Armenia’s strategic position in the 

global blockchain ecosystem based on a combination of 

digital infrastructure, innovation potential, and crypto-

currency adoption. Using K-means cluster analysis and 

Principal Component Analysis (PCA), it was possible 

to map the distribution of countries within the global 

digital economy and identify three main clusters: 

“Global Leaders,” “Emerging Integrators,” and “New 

Entrants.” 

Armenia was classified as an “Emerging Integra-

tor” cluster, demonstrating a high digital infrastructure 

(0.8) and an above-average innovation index (0.534), 

but a relatively low level of crypto adoption (0.019). 

This combination indicates that the country’s techno-

logical potential is not fully translated into market ac-

tivity. 

The application of the optimization model showed 

that in conditions of limited financial, energy and hu-

man resources, the maximum strategic impact is 

achieved by focusing investments on the development 

of startups (about 80%), and with minimal mandatory 

allocations to the R&D sector (about 10%). The lack of 

human capital and budgetary constraints have been 

formed as the main limiting factors of Armenia's block-

chain strategy. As a result, the value of the calculated 

objective function was 68.5 points, which represents 

the maximum strategic impact of Armenia under con-

ditions of optimal resource allocation. 

Speaking about the main results, we will say that 

• Armenia is at an average level of blockchain in-

tegration, having a stable technological base, but weak 

market penetration, 

• Cluster analysis showed that innovation potential 

and digital infrastructure are the main advantages of 

Armenia. 

• The optimization model revealed that the most 

effective investment direction is the development of 

startups, while the issues of the regulatory environment 

and human resources are priority areas for improve-

ment. 

• Budgetary constraints and the lack of human cap-

ital are the most influential constraints on Armenia’s 

blockchain strategy. 

The research combines cluster analysis and opti-

mization modeling, which allows not only to quantita-

tively classify Armenia on the global blockchain map, 

but also to formulate an optimal resource allocation 

strategy. This is a new giatic approach in the analysis 
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of Armenia’s digital economy, which fills the existing 

theoretical and applied gaps. The obtained justifica-

tions can serve as a political and practical basis for 

strengthening Armenia’s position in the global digital 

ecosystem and developing a national blockchain strat-

egy. 
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