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PREFACE 

Digital Transformation, Artificial Intelligence, and Global Geopolitics 

brings together a collection of scholarly studies that explore the growing 

impact of digital technologies and artificial intelligence on global power 

structures and knowledge systems. In an increasingly interconnected world, 

technological advancements are not only reshaping economies and societies 

but also redefining geopolitical dynamics and strategic competition among 

nations. 

The chapters in this volume address key issues such as digital 

geopolitics, techno-strategic rivalry, and the role of artificial intelligence in 

education and knowledge production. By examining how AI influences 

scientific research, learning environments, and awareness of global 

technological competition, the contributions highlight the expanding role of 

digital technologies in shaping both national and global agendas. 

Adopting an interdisciplinary perspective, this volume integrates 

insights from political science, education, and technology studies. It offers a 

comprehensive understanding of how digital transformation and artificial 

intelligence intersect with issues of power, governance, and global inequality. 

It is hoped that this book will serve as a valuable resource for 

researchers, students, and practitioners interested in digital transformation, 

artificial intelligence, and international relations, while encouraging further 

critical engagement with the evolving relationship between technology and 

geopolitics. 

 

Editorial Team 

March 24, 2026 

Türkiye 
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INTRODUCTION 

Digital technologies have taken centre stage in the global power politics 

as they have radically changed the underpinnings behind the establishment of 

economic power, military, state capacity and international influence. Artificial 

intelligence (AI), cloud computing, analytics of big data, cyber infrastructures, 

and platform-based ecosystems are among the technologies that are 

increasingly affecting the manner in which societies generate wealth, govern 

people, and exert power outside their boundaries. Digital technologies are 

embedded at the same level in both civilian and military spheres unlike previous 

technological revolutions like industrial mechanisation or electrification. Such 

embeddedness establishes the ubiquitous interdependency between economic 

systems, security architecture and political institutions and obliterates the 

traditional line between the state and the market, peace and war, and home and 

foreign ruling.  

This change has made competition between states to be even more 

intense because of the need to gain technological superiority as the basis of 

geopolitical power. Technological capability is no longer merely an instrument 

of national power; it is a main arena where strategic rivalry is acted. The ability 

to control digital infrastructures, semiconductor supply chains, data flows, and 

institutions of standards-setting increasingly becomes a factor that defines 

relative positions of states in the global hierarchy. Availability of higher 

computing capabilities, safe communication networks and proprietary systems 

allow states and companies to define markets, affect political dialogue, and 

increase military efficiency.  

Consequently, technological leadership has been fundamentally 

associated with the national security, economic resilience, and diplomatic 

leverage. Digital geopolitics is a concept that best represents this change by 

concentrating on the way in which digital systems are spaces of geopolitical 

struggle. Classical forms of geopolitics focused on the issue of territorial 

control, military alliances, and access to such tangible resources as energy and 

raw materials. Digital geopolitics, in its turn, anticipates intangible resources, 

such as algorithms, software platforms, data repositories, and technical 

standards, as strategic resources.  
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They bring about new power due to the possibility to achieve 

surveillance, coordination, and control at scale, in addition to creating new 

dependencies and vulnerabilities. States possessing critical digital 

infrastructures or control over processes of setting standards are able to exercise 

structural power over others, defining the rules, norms, and directions of 

technological progress. The concept of techno-strategic competition, i.e. the 

continuous rivalry on technological domination that leads to economic 

competitiveness, military superiority, and normative influence, is closely 

connected to the concept of digital geopolitics. The techno-strategy competition 

is also enacted in terms of innovation systems, global supply systems, 

regulation systems, and international governance institutions. It is not only a 

state-based phenomenon but is also related to the multinational companies, 

research centres, and transnational systems that influence the creation and 

spread of technology. The rivalry in fields like AI, semiconductors, 

cybersecurity, and platform governance is an intensity issue of who determines 

the conditions of the digital order and whose values are entrenched in new 

technologies. Digital geopolitics and techno-strategic competition are united as 

one, a structural change of international relations. They transform the nature of 

power exercise and contest in the twenty first century and demand new forms 

of analysis and policy response in response to the challenges of security, 

governance and collaboration in an ever more digitised and fragmented world 

system. 

 

1. CONCEPTUALISING DIGITAL GEOPOLITICS 

1.1 Digital Geopolitics and the Reconfiguration of Power 

Digital geopolitics is a strategic relationship between technological 

competence and geopolitical will in the modern world, where control of digital 

infrastructure, flows of data and computation systems becomes one of the 

central sources of influence (Bratton, 2015). Unlike classical geopolitical 

thinking, which focused on physical geography, natural resources and military 

force, the 21st century power is becoming more based on the control of digital 

ecosystems like cloud computing, global data networks, submarine cables, and 

algorithms that determine the flow of information and discourse (Bratton, 

2015).  
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In this respect, data and digital infrastructure have been termed as the 

new oil or the new gold in international politics, since they form the basis of 

economic competitiveness, national security and control in international 

markets. Digital technologies have shortened space and time and allow actors, 

who are both states and non-state actors, to project power quickly and on a 

global level, through cyber actions, platform governance and information 

control. In one instance, the narratives that impact political outcomes in a way 

that goes well beyond the territorial boundary can be reinforced or subdued 

through algorithmic filtering and platform visibility decisions in effect, as 

instruments of influence or interference. The result of this dynamic is what is 

known as digital sovereignty, the ability of a state to regulate its data, 

technological reliance and regulation and is currently a key theme in modern 

policy discussions.  

Additionally, there are such phenomena as data colonialism that means 

the collection and utilization of data created on the territory of less 

technologically advanced countries by the superpower states and corporations, 

which leads to the further widening of inequalities in the world. The governance 

of private platforms also adds to the conventional diplomatic power because the 

global platforms such as Google and Meta have functional areas of influence 

that are beyond the state authority and defy the current international law. Lastly, 

the advent of surveillance technologies and algorithmic governance as 

practiced by both authoritarian and democratic governments shows how digital 

technologies are currently used as a tool of socio-political control, thus, 

presenting digital infrastructures as a strategic terrain equal or even more 

important than physical geography in the exercise of power. 

 

1.2 Political Economy of Digital Power 

Digital geopolitics from a political economy perspective captures how 

technology capabilities are very concentrated in a few nations and multinational 

corporations, thereby producing significant global power inequalities. Network 

effects, economies of scale, and large data accumulation propel this 

concentration, which enables powerful actors to combine power over 

marketplaces, infrastructure, and worldwide digital ecosystems.   
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Scholars like Zuboff (2019) call this phenomenon surveillance 

capitalism, in which technology giants like Google, Meta, and Amazon 

monetize and extract personal data to produce hitherto unheard-of economic 

clout that influences not only markets but also political processes and societal 

norms (Zuboff, 2019). Enabling “winner takes all” dynamics and building 

asymmetric dependencies on a small number of technology centres, the 

enormous treasure of user data turns into strategic assets unavailable to smaller 

rivals. Farrell and Newman (2019) go further to hypothesize this dynamic in 

international affairs as weaponized interdependence whereby nations use their 

strategic positions in global economic and technological networks to force 

others (Farrell & Newman, 2019).  

States with authority over central hubs, such as data infrastructures, 

financial clearing systems, or semiconductor supply chains, can use two power 

mechanisms in asymmetrical, highly interconnected systems: the panoptic on 

effect, using their position to monitor data and obtain information benefits, and 

the chokepoint effect, restricting or refusing access to crucial network nodes to 

penalize rivals. For instance, export restrictions on high-end semiconductors 

and limitations on American access to important digital platforms demonstrate 

how economic networks have become tools of geopolitical power and duress 

influencing decisions well outside typical trade policy.  

The worldwide semiconductor market is a vivid example of these 

dynamics: the United States leads in chip design and specialized equipment, 

whereas Taiwanese companies rule fabrication and China accounts for about 

50% of worldwide semiconductor consumption, therefore fostering intricate 

interdependencies and strategic benefit across borders. As countries and 

businesses change their tactics to safeguard autonomy and reduce 

vulnerabilities, and the use of these networks as weapon, by way of export 

limitations or sanctions, might cause economic pressure, technological 

decoupling, and political division. Economic networks are strategic venues of 

power, competition, and coercion in the twenty-first century rather than neutral 

conduits of efficiency in this political economy of digital geopolitics. 
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1.3 Digital Interdependence and Strategic Vulnerability 

Digital interdependence simultaneously promotes vulnerability and 

collaboration in the world's technological and economic order. The strongly 

linked worldwide supply chains for hardware, software, cloud computing, and 

telecoms offers efficiencies and innovation spill overs, but it also produces 

systemic risks challenging to fully alleviate (World Economic Forum, 2024). 

According to the World Economic Forum's Global Cybersecurity Outlook 

2024, interconnected digital ecosystems are currently identified as a major 

cybersecurity risk, with 54 % of large companies listing supply chain 

interdependencies as the most difficult obstacle to attaining cyber resiliency. 

Limited visibility across large supplier networks, third party software 

dependencies, and dominant vendors whose disruption may affect several 

industries cause these vulnerabilities.  

The same fabric of digital globalization exposes nations to cyber 

espionage and geopolitical pressure. Points of access for state and non-state 

players to abuse are provided as technology networks cross international 

boundaries. For instance, strategic actors could include flaws during production 

or compromise software components before deployment, therefore increasing 

cyber risk beyond individual occurrences into systematic exposure. From broad 

intelligence gathering to hybrid warfare activities looking for network 

vulnerabilities, past and present events show how supply chain and digital 

interdependence can be used to promote strategic goals without obvious war. 

Still, full technological autonomy is an unattainable objective.  

For many countries, particularly those dependent on international 

innovation and foreign investment, total decoupling is neither practical nor 

desirable given the close integration of production networks, innovation 

ecosystems, and cross-border data flows (Singh & Sengupta, 2025). Instead of 

that, governments seek managed interdependence or selective decoupling 

policies geared at lowering particular weaknesses while yet preserving access 

to international networks and markets. Investing in domestic capacity for key 

technologies, diversifying supply sources, and constructing redundant 

infrastructure to resist disturbances without breaking global connections are 

among these policies.  
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Openness and security, maintaining the advantages of cooperation while 

protecting important systems, is now a core issue of digital geopolitics. 

Policymakers need to negotiate changing threats by strengthening supply chain 

security, stepping short of isolation but boosting resilience through technology 

sovereignty, and boosting international cooperation on standards. 

 

2. KEY DOMAINS OF TECHNO-STRATEGIC 

COMPETITION 

2.1 Artificial Intelligence and Algorithmic Power 

Because of its transformational uses in politics, military, and governance 

as well as the economy, artificial intelligence (AI) has developed into a major 

pivot of techno strategic rivalry. Recognizing that leadership in artificial 

intelligence can boost productivity, enable independent systems, improve 

public service delivery, and support large scale monitoring and decision-

making processes, states see it increasingly as crucial for long term strategic 

advantage. Although adoption remains very unequal, over 1.2 billion 

worldwide people have resulted from the quick growth of AI usage, 

exceedingly even that of electricity and the internet, which highlights a growing 

global disparity in technology participation and capability. Resources available 

only in a few sophisticated economies and corporate entities, namely access to 

massive datasets, strong computing power, and elite human capital, are closely 

tied to artificial intelligence rivalry. While many low- and middle-income 

nations lack little to no local capacity, reinforcing structural inequities in 

technological ability and innovation potential, nations that control sophisticated 

data centre infrastructure, such as the United States, China, and the EU, host 

the bulk of compute power required for training big artificial intelligence 

models. These differences present political, financial, and moral problems in 

addition to technical ones. Countries with poor infrastructure, regulatory 

systems, and limited datasets risk being marginalized in the artificial 

intelligence environment, missing chances for economic growth, medical 

breakthroughs, and educational improvement. Without inclusive policy action, 

AI could reverse decades of development progress, worsening income, health, 

and governance divides between wealthy and poor countries, a phenomenon the 

United Nations Development Programme calls the next great divergence.  
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Furthermore, AI systems include operational priorities, cultural 

standards, and societal values inside their construction and deployment. 

Dominant models trained mostly on data from affluent contexts risk magnifying 

biases and neglecting varied linguistic, cultural, and societal demands, a 

scenario which raises questions about normal power and governance in 

worldwide artificial intelligence governance discussions. AI's strategic value 

comes from its capacity to influence worldwide power dynamics, economic 

hierarchies, and the future ability of governments to compete in a progressively 

digital environment through its deployment, governance, and embedded values 

rather than only its practical features. 

 

2.2 Semiconductors, Hardware, and Supply-Chain Security 

Underpinning consumer electronics, vital infrastructure, and 

sophisticated weapon systems, semiconductors form the core of the digital 

economy; their strategic relevance has expanded greatly in the twenty-first 

century. Modern cell phones can hold over 150 semiconductor chips; a single 

electric vehicle might have around 3,000 separate chips, therefore 

demonstrating how deeply ingrained these components are in daily technology 

and industrial systems. Reflecting fast demand fuelled by artificial intelligence 

(AI), 5G, electric cars, and data centres, the global semiconductor industry's 

yearly revenue is expected to approach $1 trillion by 2026 and reach roughly 

$772 billion in 2025. Together with technological centrality, this economic 

footprint has raised supply chain security to a main geostrategic worry. The 

much specialised and geographically concentrated character of semiconductor 

manufacture has exposed supply networks to political events. Over 90% of the 

most sophisticated chips and more than half of the foundry capability 

worldwide come from Taiwan's Taiwan Semiconductor Manufacturing 

Company (TSMC) alone, therefore creating a possible single point of failure in 

world supply networks. Given cascading shortages in the automotive, 

telecommunications, and electronics sectors, one analysis estimated that a six-

month stoppage in advanced chip manufacture might lower global GDP growth 

by as much as 5.8 %; a long disruption in the Taiwan Strait could ripple across 

industries globally.  
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States are using industrial policy, export controls, and investment 

screening more and more in reaction to these strategic weaknesses to guarantee 

access to high-end semiconductors. While subsidising home fabs under 

programs such the CHIPS Act, the United States and partner allies have put 

tight export controls on cutting-edge processors and fabrication equipment to 

limit enemy access to border technologies. These actions have changed the 

financial dynamics of the sector: Higher labour and compliance costs may make 

building sophisticated manufacturing plants in the U.S. about 30 % more 

expensive than in East Asia, yet governments are ready to bear these expenses 

for strategic resilience. Moreover, states are seeking diversification and 

reshoring to lessen reliance on politically sensitive areas, part of a bigger 

movement from just cost-effective supply networks toward "techno 

nationalism" and strategic autonomy. Competition for semiconductors 

therefore shows how in the digital age, where access to sophisticated chips is 

closely intertwined with national security, economic competitiveness, and 

world technical leadership, economic efficiency is frequently subordinated to 

geopolitical concerns. 

 

2.3 Cyber Capabilities and Digital Infrastructure 

Along traditional political and military instruments of statecraft, 

cyberspace has developed into a fought domain of strategic rivalry where cyber 

espionage, destruction, misinformation, and influence campaigns happen. 

Modern countries and advanced non-state actors utilize networked digital 

infrastructure to gather information, interfere with services, influence public 

narratives, and undermine enemies' political cohesion, which is, how 

cyberspace transcends conventional geographical limits (Kello, 2017). Cyber 

espionage operations persist at scale: in 2025 separate studies revealed 

continued state connected actors trying to breach sensitive systems, intellectual 

property, and strategic data targeted important infrastructure companies in East 

Asia, including telecommunications and utilities. Likewise, Taiwan's National 

Security Bureau noted an average of 2.63 million daily cyberattacks targeting 

hospitals, banks, and government agencies, thus underlining the scope and 

tenacity of digital conflict. Direct interference with vital infrastructure has 

major geopolitical consequences in addition to spying and sabotage.  
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Strategic infrastructure vulnerable to both cyber and hybrid activities, 

critical assets include undersea cables, data centres, cloud platforms, power 

networks, and satellite systems. Although they are poorly monitored and 

increasingly targeted, whether by mistake or intentional interference, as recent 

events in the Baltic Sea and Red Sea have shown, undersea fibre optic cables 

make the backbone of worldwide digital connectivity and carry over 95% of 

intercontinental data traffic. Even extensively deployed satellite networks have 

been impacted: the 2022 Viasat satellite attack, ascribed to Russian forces 

during the war in Ukraine, interrupted communications across several European 

nations, demonstrating how space borne assets can be used to generate large 

strategic effect. Often referred to as "gray zone" operations, cyber activities 

allow for persistent rivalry under the threshold of armed conflict whereby 

strategic goals are pursued without provoking visible military retaliation.  

The anonymity and technological sophistication of cyberattacks make 

dependable attribution challenging, therefore complicating conventional 

deterrence and escalation dynamics, a difficulty well-known in the literature as 

undermining the credibility of deterrence tactics. Attribution difficulties let 

hostile players use plausible denial, hence complicating diplomatic reactions 

and worldwide agreement on internet behavioural standards. Disinformation 

and influence campaigns, where coordinated digital operations exploit open 

networked society to influence public opinion and democratic systems, 

complicate these dynamics even more by blurring the line between intelligence 

gathering, psychological operations, and political conflict. Securing vital 

infrastructure and creating norms for cyber behaviour remain a critical 

challenge for worldwide security governance as cyberspace progressively 

becomes a key strategic domain. 

 

2.4 Platforms, Data, and Standards Competition 

Beyond just technical infrastructure, digital channels today control major 

volumes of economic activity, social interaction, and information exchange, so 

affecting far more than merely technical infrastructure. Leading platforms such 

Google, Facebook, Amazon, and TikTok help to define which economic 

prospects are visible and feasible. 
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Therefore focusing value capture and market power with a few global 

corporations (UNCTAD, 2021), by enabling access to global markets and 

influencing how people find and consume content. By giving particular content, 

income models, and data methods top priority to advance their strategic goals, 

actors with control over these platforms can influence economic outcomes and 

political debate (springer core). Moreover, involvement in international 

standards setting processes enables strong countries and companies to insert 

their technical preferences and ethical beliefs, including policies toward data 

privacy, content moderation, and algorithmic governance, into worldwide 

digital systems, thereby moulding how information flows and which forms of 

expression are highlighted or restricted. This dynamic has resulted in criticism 

of "platform imperialism," wherein Western-based platforms affect cultural 

standards and political stories in the Global South, thereby reinforcing digital 

inequalities and institutional power inequities. Therefore, in the digital age, 

control over digital channels and the rules guiding them provides a lasting kind 

of geopolitical influence. 

 

3. MAJOR POWER RIVALRIES IN THE DIGITAL ERA 

3.1 United States-China Techno-Strategic Rivalry 

The conflict between the United States and China is the most significant 

axis of modern digital geopolitics, so influencing the world order of the 21st 

century. Six U.S. tech behemoths alone had a combined market capitalization 

of around $15.4 trillion in 2025, underlining its profound technological 

advantage in fields like cloud computing and AI infrastructure (Brookings, 

2021). The United States also possesses structural advantages in innovation 

ecosystems, top research colleges, and powerful global technology companies. 

But China's state-led industrial plans, coordinated public-private innovation 

networks, and huge domestic market have quickly grown its technical 

capabilities. China made the top ten of the UN Global Innovation Index in 2024, 

which mirrors booming R & amp; D and patent activity that now makes up 

around a quarter of worldwide filings (Reuters, 2023). Beijing's geo-economics 

dedication to technological self-reliance is shown by its integrated approach, 

channelling over $450 billion into research fields like semiconductors, AI, and 

quantum computing.  
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This conflict transforms world supply chains, promotes coalition 

building around technology standards, and sharpens discussions over digital 

governance norms, therefore increasing the possibility of bifurcated ecosystems 

that impede interoperability and worldwide collaboration (Brookings, 2021). 

Such division of the worldwide digital order has trade, security, and global 

standards consequences for digital infrastructure. 

 

3.2 The European Union and Regulatory Power 

Emphasizing normative and regulatory power rather than direct technical 

domination, the European Union plays a unique role in international digital 

geopolitics. Unlike the United States or China, which mostly compete by state 

driven industrial policies and innovation ecosystems, the EU uses its legal 

capacity to establish worldwide digital norms that many players follow to enter 

its single market. Conceptualised as the "Brussels Effect," this regulatory 

authority is when strict EU laws become de facto worldwide norms as 

multinational companies adjust their operations all over rather than keep 

separate systems for the EU and other countries (Bradford, 2020).  

The General Data Protection Regulation (GDPR), in force since 2018, 

captures this impact: Across countries in Asia, Africa, and the Americas, it has 

transformed data protection policies and privacy and motivated comparable 

legislation including the California Privacy Rights Act (CPRA). Beyond 

confidentiality, the EU has created a larger digital governance framework 

encompassing the Digital Services Act, Digital Markets Act, Data Governance 

Act, and Artificial Intelligence Act, thereby incorporating rights based and 

competition-oriented ideas into digital legislation. These systems hope to 

export "European values" such transparency, fairness, and human rights in 

addition to smoothing the internal market into standards influencing platform 

accountability, algorithmically governance, and market access rules worldwide. 

Anchoring digital governance in law rather than market penetration will help 

the EU to wield geopolitical influence via normative power and regulatory 

systems affecting worldwide digital order and governance practices. 
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3.3 Middle Powers and the Global South 

Middle countries and developing nations negotiate a complicated 

environment of technology dependence and strategic possibility within current 

digital geopolitics. Unlike those superpowers whose effect derives from 

legislative force or controlling innovation ecosystems, middle powers 

frequently have broken technological skills yet remain intimately interwoven 

into global power networks, hence requiring them to negotiate conflicting ties 

with major blocks like China, the United European Union, and the United 

States. For instance, countries like Kenya, India, and Brazil employ 

sophisticated tactics including selective alignment, hedging, and normative 

intermediation to maintain independence while still gaining access to important 

technologies and markets. Both chance and risk propel this strategic 

equilibrium.  

Although generating economic development and increasing digital 

inclusiveness, technically dependent infrastructure, like 5G networks, cloud 

services, and digital platforms, can also expose states to surveillance pressures 

or geopolitical influence by foreign forces. By integrating local priorities into 

global technology networks, as India's Unified Payments Interface (UPI) or 

data localization policies demonstrate, emerging nations can claim agency. 

Still, there remain major difficulties. Persistent digital divides in access, 

infrastructure, and digital literacy restrict many developing countries' capacity 

to convert strategic opportunity into sustainable development results, thereby 

worsening inequality in the worldwide digital economy (Couldry &amp; 

Mejias, 2019). Middle powers therefore have to negotiate the changing 

geopolitical landscape of technology by constantly calibrate international 

technical involvement against home development goals. 

 

4. DIGITAL SOVEREIGNTY AND GLOBAL 

GOVERNANCE 

4.1 The Rise of Digital Sovereignty 

In an interconnected digital world, digital sovereignty refers to conscious 

efforts by governments to assert control over data, digital infrastructures, and 

technical environments to protect national interests, security, and political 

independence.  
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It includes a range of policy objectives: data sovereignty (control over 

how data is stored and used), infrastructure sovereignty (control over networks 

and data centres), and technological sovereignty (capacity to develop or sustain 

domestic tech alternatives to foreign products and services) (World Economic 

Forum, 2024). Through data localization requirements, platform restrictions, or 

regulatory compliance systems meant to lessen strategic dependency on outside 

players (WEF, 2024), governments are increasingly regulating foreign 

technological companies. For example, the European Union's GDPR 

establishes severe guidelines for personal data use, thereby compelling foreign 

companies to adhere if they operate inside EU markets, hence strengthening 

regulatory supervision over foreign digital players (WEF, 2024). Likewise, 

many developing nations, including India, South Africa, and Nigeria, are 

enacting regulations necessitating local data storage and reporting, pointing to 

a wider worldwide effort to integrate digital sovereignty into national digital 

governance systems. These measures are driven by a desire to develop local 

technical skills and lower exposure to geopolitical disturbances as well as by 

security and financial resilience. Still, attaining digital sovereignty is difficult 

because reliance on foreign technologies like cloud services or cutting-edge 

chips can linger even when data is kept inside national boundaries (Bradford, 

2020). 

  

4.2 Fragmentation of the Global Digital Order 

Introducing a patchwork of diverse regulatory systems, conflicting 

standards, and limited data flows that challenge the openness previously 

fundamental to digital innovation, digital sovereignty projects risk splitting the 

worldwide digital ecosystem into rival spheres. States sometimes create non-

tariff barriers that frustrate digital trade and cross border interoperability as they 

seek national control over data and infrastructure through strict privacy laws, 

data localization requirements, or limitations on cross border transfers. This 

discrepancy could create a "splinternet" in which distinct virtual worlds run 

under many legal and technical principles, thereby raising costs for worldwide 

corporations and restricting smooth data flows required for new technologies 

like cloud computing and artificial intelligence (World Economic Forum, 

2024).  
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Historical patterns highlight the need of free data streams: From 2010 to 

2021, global cross border data traffic shot from roughly 45 Tbps to almost 3 

000 Tbps, therefore driving creativity, economic development, and 

international cooperation (World Economic Forum, 2024). By restricting 

collaboration, slowing innovation dissemination, and increasing legal 

ambiguity for companies running in many countries, fragmentation threatens to 

destroy these advances. The danger persists that national digital sovereignty 

efforts would create parallel, incongruent ecosystems instead of a unified global 

digital order unless harmonic governance systems arise. 

 

4.3 Governance Gaps and Institutional Challenges 

Existing global governance systems battle to keep up with fast technical 

development, hence producing major governance gaps in cross border data flow 

management, cyber standards, and AI governance. Although traditional 

international organizations are ill suited to govern technologies that develop 

exponentially and cross-national borders, they were intended for concerns 

including trade, health, or arms control. For instance, cross-border data flows 

increased over 70-fold between 2005 and 2021, yet the legal systems 

controlling those flows remain mainly disjointed with conflicting national 

policies to privacy, location, and cybersecurity weakening interoperability and 

trust.  

Overlapping projects by the United Nations, the OECD, G7, and 

UNESCO show attempts to meet principles in the field of artificial intelligence, 

yet there are not sufficient worldwide enforcement systems, therefore 

increasing geopolitical competition rather than promoting cohesion. The 

difficulty of defining universal standards is made worse by conflict over moral 

values, including privacy protection versus innovation priority, as major 

countries pursue distinct regulatory systems. These gaps aggravate geopolitical 

tensions, reduce concerted reactions to cross-border threats, and raise the 

possibility that technological advances surpass the capacity of international 

organizations to handle them successfully without flexible, inclusive, and 

legally enforceable governance frameworks. 
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5. SECURITY, SURVEILLANCE, AND CYBER POWER 

5.1 Digital Surveillance and State Authority 

State surveillance capabilities have been greatly enhanced by digital 

technology, which allows unheard-of degrees of data gathering, automated 

analysis, and predictive monitoring that transforms how governments watch 

and control people. Historically restricted by human resources and physical 

infrastructure, surveillance has exponentially grown the amount and granularity 

of data states may gather about people and groups thanks to modern 

developments in artificial intelligence (AI), big data analytics, machine 

learning, biometrics, facial recognition, and networked sensors. Modern law 

enforcement and intelligence systems, for instance, combine huge datasets, 

from license plate readers and CCTV networks to social media analytics, that 

give real-time insights into people's actions and social interactions that were 

previously unattainable for governments. Some cities, including New York, use 

police systems to generate very thorough watch lists and behaviour profiles by 

linking millions of data points from cameras, licence plate readings, and human 

generated reports (Couldry & Mejias, 2019).  

Though such surveillance improves public safety, administrative 

effectiveness, and security, it also causes serious privacy, civil liberties, and 

democratic accountability issues. Critics contend that pervasive data collecting 

can erode citizens' autonomy by generating "mosaic" profiles that rebuild 

people's personal lives from aggregated digital traces, thereby undermining 

expectations of privacy and freedom from unjustified governmental 

intervention (Couldry & Mejias, 2019). Furthermore, the normalisation of 

digital surveillance can have terrible consequences for free expression, 

opposition, and civic participation when people change their conduct in 

advance of being monitored, even in democracies. The growth of these state 

powers runs the danger of systematic power abuses, discrimination, and decay 

of public trust without strong legal protections, open monitoring, and defined 

restrictions on the use of surveillance data, therefore complicating the balance 

between protecting national security and safeguarding fundamental rights. 
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5.2 Cyber Conflict and Strategic Stability 

Under the threshold of traditional warfare, cyber operations have evolved 

into a primary tool of coercion and strategic signalling that lets nations try to 

affect enemy behaviour without inciting open military battle. Cyber tools 

provide actors ways to express resolve, exact costs, and communicate political 

messages while also helping to contain kinetic escalation through actions such 

interruptions of infrastructure, intrusion into communication networks, or 

aimed intervention with vital systems (Bradford, 2020). For instance, GPS 

spoofing of maritime navigation systems has been used as a deniable political 

will marker in disputed waters, demonstrating how non kinetic actions can 

communicate purpose without official declaration of war (Bradford, 2020). But 

the ambiguity of cyber attribution, the difficulties of certainly finding the 

perpetrator accountable for a cyber-attack, undermines unambiguous signalling 

and complicates deterrent dynamics as governments may hesitate to react if 

they cannot reliably attribute an attack or may respond wrongly, therefore 

worsening tensions inadvertently. This epistemic ambiguity, coupled with the 

absence of generally recognized global rules governing cyber behaviour, raises 

the possibility that cyber coercion could unintentionally cause strategic 

instability by producing misinterpretations of intention and capacity. 

Policymakers have increasing difficulties in balancing below threshold 

coercive signalling with the need to prevent unexpected escalation into 

traditional warfare as cyber capabilities spread and countries adopt them into 

more general security plans. 

 

5.3 Ethics, Human Rights, and Security Governance 

As advancements in surveillance, data analysis, and cyber operations let 

nation’s project power in ways traditional systems of regulation find difficult, 

the deployment of digital technologies in security situations poses difficult 

ethical issues concerning human rights, civilian protection, and democratic 

responsibility. Although digital tools can help with threat detection, streamline 

law enforcement, and safeguard essential infrastructure, their use also presents 

major threats to fundamental rights including privacy, free of expression, and 

non-discrimination.  
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Many national practices, for example, fall short of international standards 

on communications surveillance, which emphasize that state monitoring of 

digital communications must be necessary, proportionate, and consistent with 

human rights law, which results in too much or opaque data collection that 

violates civil liberties. Efforts to set guidelines for responsible state behaviour 

in cyberspace, including non-binding frameworks created via the United 

Nations Group of Governmental Experts (GGE) and multi stakeholder 

processes like the London Process, aim at promoting human rights and 

protecting civilian in virtual environments. These programs, however, are still 

segmented, voluntary, and sporadically carried out, therefore limiting their 

capacity to balance security needs with ethical duties throughout the territory. 

Digital security solutions run the danger of reinforcing power imbalances and 

degrading relations between countries and the populace they supposedly protect 

without more stringent, enforceable worldwide standards that specifically focus 

human rights and civilian protection. 

 

6. ECONOMIC AND DEVELOPMENTAL IMPLICATIONS 

6.1 Digital Inequality and the Global Divide 

Techno strategic competition has major consequences for world 

development as it shapes not only geopolitics but also how societies gain from 

digital technologies. Though inventions like artificial intelligence (AI), 

broadband Internet, and mobile connectivity present great prospects for 

economic expansion, education, and social inclusion, unequal access to the 

underlying infrastructure and abilities required to properly utilize them runs the 

risk of deepening worldwide inequities rather than lessening them. According 

to the International Telecommunication Union (ITU, 2023), 2.2 billion people, 

mostly in low-income areas, remain offline, emphasizing continuing disparities 

in digital access and quality that restrict development potential even if roughly 

6 billion people, about 75 percent of the world population, were connected in 

2025. Furthermore, sophisticated connectivity like that of 5G networks covers 

55% of the population but only 4% in low-income countries, hence 

emphasizing sharp disparities in infrastructure acceptance that influence who 

can effectively engage in a digital economy (ITU, 2023).  
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Apart from access, disparities in digital literacy and specialized abilities 

exacerbate inequality: communities without digital literacy or specialized 

abilities are less able to profit from internet economic opportunities, therefore 

widening the income and knowledge gap. With low income countries maybe 

missing out on major productivity increases (WTO, 2023), the World Trade 

Organization warns that global income discrepancies could last or worsen 

without more widespread access to artificial intelligence and digital 

technologies. Therefore, techno strategic competition, which focuses digital 

capabilities and invention in a few affluent states, can perpetuate unequal 

development unless policies purposely fix infrastructure shortcomings, 

affordability, and inclusive skills training. 

 

6.2 Technology Transfer and Capacity Building 

Constraints on technological transfer motivated by security, such export 

controls and multilateral control regimes, can greatly restrict the developmental 

advantages of digital and industrial technologies for low-income nations. Many 

industrialized nations engage in export control agreements including the 

Missile Technology Control Regime (MTCR) and the Wassenaar Arrangement, 

therefore restricting the cross-border mobility of dual use and delicate 

technology purportedly for security objectives (e.g., to stop weapons 

distribution or advanced military capability), hence impacting civil uses (e.g., 

high performance computing), which are critical for economic change and 

capacity development in developing countries. These limitations stymie 

attempts by developing countries to create home technological capability since 

access to state-of-the-art equipment, software, and know how depends on 

licencing, rigorous compliance, or simply rejection, hence skewing innovation 

possibilities towards wealthy nations. Restrictive technology-related clauses in 

bilateral negotiations and trade pacts might raise import costs, diminish local 

absorptive capacity, and lessen incentives for foreign investors to share 

sophisticated equipment and knowledge, so perpetuating world gaps in 

innovation. For nations without strong infrastructure, educated workforce, and 

legal systems to negotiate fair terms or modify imported technologies to local 

needs, negotiating these geopolitical obstacles is especially difficult as it 

exacerbates inequality in global development.  
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Restrictions on technological transfer run the risk of deepening structural 

inequities and limiting developing countries' capacity to use innovation for 

sustained economic development in the absence of harmonized global policy 

frameworks that strike a compromise between security issues and fair access. 

 

6.3 Digital Industrial Policy in Emerging Economies 

Recognizing that aggressive government action may help shape 

competitive advantages in fast moving technology industries, many states adopt 

digital industrial policies to promote innovation and lessen reliance on foreign 

technology. Such policies usually include focused support for new sectors, 

public investment in research and development, digital adoption incentives, and 

coordinated initiatives to enhance home ecosystems for artificial intelligence, 

robotics, and sophisticated manufacturing applications. For instance, China's 

strategic plan seeks to raise domestic content in key high-tech industries 

including automation and semiconductors to as high as 70 % by 2025, therefore 

lowering dependency on imported technologies and improving self-sufficiency 

in vital digital infrastructure.  

Still, the effectiveness of these digital industrial initiatives depends very 

much on institutional capabilities and human capital. Better able to carry out 

difficult invention plans and to convert policy into technological outputs are 

nations with good governance, robust R & amp; D capabilities, and qualified 

labour forces. Studies indicate that both capital expenditure and the availability 

of qualified human resources, which can produce local spills and support high 

tech expansion, are intimately related to digital acceptance and innovation 

results. Equally vital is integration into global value chains (GVCs). 

Engagement in GVCs allows technology transfer, access to international 

markets, and knowledge spill overs, which can boost national innovation while 

preventing isolation. Empirical studies show that only when institutional and 

innovation capabilities are adequately developed, may digital technologies aid 

businesses up global value chains by enhancing competitiveness, product 

complexity, and export performance. Goodly developed digital industrial 

policy that fosters local ability and links to international networks can thus 

propel long-lasting innovation and reduce technical reliance. 
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7. FUTURE TRAJECTORIES AND POLICY 

IMPLICATIONS 

7.1 Emerging Technologies and Strategic Uncertainty 

Emerging technologies including quantum computing and complex 

artificial intelligence (AI) systems are likely to exacerbate techno strategic 

rivalry among world powers, hence creating major doubts for governance and 

security. Major countries see quantum technologies, which include quantum 

computing, communication, and sensing, as strategic assets since their capacity 

to revolutionize encryption, calculation, and secure communications might 

compromise current cryptographic systems supporting worldwide digital 

infrastructure. From autonomous decision-making to predictive analytics, 

cutting-edge artificial intelligence systems are simultaneously being 

incorporated into military and economic applications, therefore increasing both 

competitive pressure and administrative complexity (Couldry & Mejias, 2019). 

The fusion of artificial intelligence and quantum not only speeds up features 

but also multiplies hazards: Strong enough quantum computing could crack 

often used encryption methods like RSA and ECC, therefore uncovering 

weaknesses in safe communications and essential infrastructure on a big scale. 

Simultaneously, sophisticated governance of artificial intelligence lags behind 

technological advancement, hence sparking questions about safety, prejudice, 

and ethical distribution in both military and civilian spheres. These dynamics 

produce a setting where countries compete for competitive benefit while current 

security and governance systems lag behind, therefore raising strategic 

uncertainty and the possibility for destabilising arms races in both artificial 

intelligence and quantum technology. These developing abilities might worsen 

distrust, regulatory differences, and strategic instability absent consistent 

worldwide supervision. 

 

7.2 Balancing Competition and Cooperation 

Although deepening technical strategic competitions exist, shared 

worldwide problems including cybersecurity, climate change, and public health 

still offer strong incentives for international collaboration that traverse political 

boundaries.  
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As cyber threats cross borders more often, countries, international 

groups, and commercial actors work together on boosting resilience, sharing 

threat intelligence, and enhancing defence capabilities via multi stakeholder 

platforms like the Internet Governance Forum (IGF), which seeks to reinforce 

digital collaboration and cyber norms, and through multilateral mechanisms 

such the UN backed International Multilateral Partnership against Cyber 

Threats (IMPACT).  

Likewise pushing collective action, projects such the Space for Climate 

Observatory and the Global Initiative for Information Integrity on Climate 

Change bring governments and civil society together to use digital data and 

information integrity to guide policy and solve climate related risks. 

Emphasized during the COVID 19 epidemic, public health collaboration 

demonstrated how digital tools, such as global disease surveillance systems and 

telehealth platforms, enabled coordinated responses, data sharing, and vaccine 

distribution that saved lives over areas.  

Emphasising the necessity of international discussion on digital 

inclusion, trust, and security, initiatives like the UN Secretary General's 

Roadmap for Digital Cooperation stress that shared governance systems are 

critical to reduce risks while maximizing the advantages of digital technologies 

for everyone. Managing digital geopolitics and solving shared dangers no one 

nation can handle alone therefore call for balance of competition with ongoing 

conversation, norms formation, and collaborative institutions. 

 

7.3 Policy Priorities for a Contested Digital Order 

To negotiate the challenging possibilities and dangers brought about by 

digital transformation and geopolitical conflict, policymakers have to make 

strong investments in human capital, strong infrastructure, and inclusive 

governance systems. Strengthening human capital by way of education, skill 

enhancement, and social safeguards is essential for boosting productivity, 

adaptability, and social resilience; research indicates that giving human capital 

outcomes top priority in public finance might speed up recovery, advance 

inclusive growth, and create capacities supporting social and economic 

advancement.  
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Resilient infrastructure, physical as well as digital, helps economic 

integration, enables effective service delivery, and increases communities' 

capacity to resist shocks including cyber-attacks or extreme weather events. 

Incorporating openness, responsibility, and multi stakeholder engagement, 

inclusive governance systems foster public confidence, guarantee fair access to 

possibilities, and lower the danger of conflict or fragmentation. At the 

worldwide level, improving global standards and collaborative structures, such 

as those envisioned under the United Nations’ Global Digital Compact, remains 

crucial for reducing conflict and directing the responsible use of technologies 

worldwide. Policymakers who integrate investment in people, infrastructure, 

and governance with strong international discourse may more successfully 

negotiate digital geopolitics while promoting peace, inclusion, and shared 

prosperity. 

 

CONCLUSION 

A great change in global power dynamics, digital geopolitics and 

technical-strategic rivalry change how nations use influence and advance their 

interests in the 21st century. Unlike conventional geopolitics, which mostly 

depended on territory, military capability, and financial resources, digital 

geopolitics emphasizes control over essential technical capacity, data flows, 

and digital infrastructure. Technologies including artificial intelligence (AI), 

quantum computing, 5G networks, cloud computing, and sophisticated cyber 

capabilities have evolved from just tools of national security or economic 

growth to become tools of state power, strategic advantage, and global 

influence. States able to develop, deploy, and control these technologies 

successfully can mould digital engagement rules, affect world standards, and 

define the design of new techno-economic orders. Unprecedented complexity 

and interdependence have resulted from the incorporation of digital 

technologies into political, military, and financial systems. Real-time influence 

of AI-driven financial systems, for instance, affects world markets; digital 

supply chains link manufacture and invention across several countries. 

Likewise, cross-border data flows and cybersecurity issues highlight how one 

technical disturbance in one nation can go worldwide to impact diplomacy, 

commerce, and governance.  
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Control over important digital skills is growing more and more 

connected to geostrategic benefit in this situation as countries try to safeguard 

local infrastructure, limit technology transfer, and influence global norms 

regarding data, artificial intelligence, and cyber behaviour. Techno-strategic 

rivalry is also fuelling the growth of rival technology ecosystems, sometimes 

known as "digital blocs," led by powerful countries including China, the 

European Union, and the United States. These blocs are distinguished not only 

by variations in technical standards and platforms but also by opposing 

governance systems and legal approaches, ranging from market-driven 

methods to state-directed innovation. Although the resulting fragmentation can 

promote innovation inside groups, it can also exacerbate disparities between 

technically advanced and under developed countries, worsen systemic 

vulnerabilities, and slow worldwide collaboration, therefore presenting both 

opportunities and hazards. Navigating an ever more contentious and reliant 

digital world demands an awareness of these dynamics; the interaction of 

rivalry and cooperation determines strategic stability, economic expansion, and 

social development. Policymakers, business leaders, and worldwide agencies 

must therefore understand that digital technologies are strategic assets rather 

than neutral tools whose control, governance, and ethical use will progressively 

shape the distribution of power and influence in global affairs. 
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INTRODUCTION 

The rapid advancement of Artificial Intelligence (AI) and Machine 

Learning (ML) over the past decade has fundamentally reshaped global systems 

of knowledge production, economic competition, and technological 

governance (Russell & Norvig, 2021; OECD, 2019). While much of the public 

discourse surrounding AI focuses on automation, digital platforms, and 

industrial transformation, its implications for scientific education and 

research—particularly in the life sciences—are equally profound. 

Biochemistry, as a foundational discipline within biotechnology, molecular 

biology, and pharmaceutical innovation, has emerged as a critical site where 

AI-driven computational power intersects with global economic and 

geopolitical dynamics (Jordan & Mitchell, 2015; UNCTAD, 2021). 

Historically, scientific advancement has functioned as a core determinant 

of national competitiveness and strategic influence (Mazzucato, 2018). In the 

twenty-first century, however, the scale and velocity of data generation in the 

biological sciences have exceeded the capacity of traditional analytical 

methods. Genomic sequencing, proteomics, metabolomics, and systems 

biology produce vast datasets that require advanced computational tools for 

interpretation (Topol, 2019). AI and ML systems now enable the processing of 

these complex datasets, accelerating drug discovery, protein structure 

prediction, and precision medicine development (Jumper et al., 2021). As a 

result, AI-driven biochemistry is no longer merely a technical enhancement of 

laboratory science; it has become a strategic asset within the global knowledge 

economy. 

The concept of the knowledge economy emphasizes the centrality of 

information, innovation, and human capital in driving economic growth and 

national development (OECD, 1996; World Bank, 2019). Within this 

framework, universities and research institutions function not only as 

educational centers but also as engines of innovation and technological 

sovereignty. The integration of AI into biochemistry education and research 

therefore represents more than curricular modernization—it signifies a 

restructuring of how knowledge is produced, distributed, and monetized in the 

international arena (Castells, 2010).  
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Countries that possess advanced computational infrastructure, data 

repositories, and skilled scientific labor are positioned to dominate emerging 

biotechnology markets, influence global health policies, and shape regulatory 

standards. At the same time, the diffusion of AI technologies raises critical 

political economy questions concerning power asymmetries, data governance, 

and digital dependency (Zuboff, 2019; Srnicek, 2017). Control over large-scale 

biomedical datasets increasingly functions as a form of digital capital. 

Corporations and technologically advanced states leverage proprietary 

algorithms, cloud computing infrastructure, and intellectual property regimes 

to consolidate influence within global pharmaceutical and biotechnology value 

chains (European Commission, 2021). For developing economies, limited 

access to high-performance computing resources and AI research ecosystems 

risks reinforcing structural inequalities in scientific production and innovation 

capacity (UNCTAD, 2021). 

Within the educational domain, AI-driven platforms are transforming 

pedagogical approaches in biochemistry through adaptive learning systems, 

virtual laboratories, and data-driven assessment tools (Luckin et al., 2016). 

These technologies enhance skill acquisition in computational biology, 

bioinformatics, and predictive modeling—competencies that are increasingly 

essential within global biotech industries. However, the incorporation of AI into 

higher education also introduces regulatory, ethical, and governance 

challenges. Questions regarding algorithmic transparency, data privacy, 

academic dependency on proprietary software, and unequal digital access 

demand critical scrutiny (Holmes et al., 2019). 

This chapter argues that AI in biochemistry education and research must 

be understood within the broader framework of International Political Economy 

(IPE). Rather than treating AI as a neutral technological instrument, it should 

be conceptualized as a mechanism of technological power that reshapes global 

hierarchies of knowledge production and economic competitiveness. The 

capacity to generate, analyze, and commercialize biochemical data has become 

a determinant of national innovation systems and geopolitical positioning. 

Consequently, scientific education in AI-driven biochemistry is not only a 

pedagogical concern but also a strategic dimension of economic policy and 

technological sovereignty. 
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The chapter proceeds as follows. First, it outlines the theoretical 

foundations linking AI, knowledge economies, and political economy 

frameworks. Second, it examines how AI transforms biochemistry education 

through personalized learning systems, computational training, and virtual 

experimentation. Third, it analyzes the role of AI in biochemistry research, 

focusing on innovation, pharmaceutical competitiveness, and data-intensive 

science. Fourth, it explores issues of global inequality, regulatory governance, 

and data sovereignty. Finally, it discusses implications for national 

development strategies and the future configuration of technological power 

within the life sciences. By situating AI-driven biochemistry within global 

political economy debates, this study contributes to interdisciplinary 

scholarship on digital transformation, scientific innovation, and international 

governance. It highlights how emerging computational technologies are 

redefining the boundaries between education, research, economic strategy, and 

geopolitical influence in the digital age. 

 

1. THEORETICAL FRAMEWORK: ARTIFICIAL 

INTELLIGENCE, KNOWLEDGE ECONOMIES, AND 

INTERNATIONAL POLITICAL ECONOMY 

Understanding the transformative role of Artificial Intelligence (AI) and 

Machine Learning (ML) in biochemistry education and research requires a 

robust theoretical grounding in the political economy of knowledge and 

technological power. Rather than approaching AI as a purely technical 

innovation, this chapter situates it within broader structural dynamics of global 

capitalism, state competition, and knowledge production. 

 

The Knowledge Economy and the Centrality of Scientific Capital 

The transition from industrial capitalism to knowledge-based economies 

has been extensively documented in economic and sociological literature 

(OECD, 1996; Castells, 2010). In knowledge economies, value creation 

increasingly depends on information, innovation systems, and intellectual 

capital rather than on raw materials or manual labor.  Scientific research 

institutions and universities thus become critical nodes within global value 

chains.  
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Biochemistry, as a foundational life science, occupies a strategic position 

within this paradigm. It underpins biotechnology, pharmaceutical development, 

agricultural innovation, and molecular diagnostics—sectors with significant 

economic and geopolitical implications. The integration of AI and ML into 

biochemistry magnifies its economic relevance by enhancing predictive 

modeling, drug discovery pipelines, and systems biology simulations (Topol, 

2019). 

From this perspective, AI-driven biochemistry becomes a form of 

scientific capital—a resource that states and corporations mobilize to 

strengthen their competitive advantage in global markets. Nations that invest in 

AI infrastructure, computational biology training, and data ecosystems are 

better positioned to dominate emerging bio-industrial sectors. Consequently, 

AI integration into biochemistry education is not merely curricular 

modernization; it constitutes long-term strategic capital formation. 

 

Artificial Intelligence as a Driver of Technological Power 

Within International Political Economy, technological capacity has 

historically shaped hierarchies of global power (Strange, 1994). In the digital 

era, AI has emerged as a key determinant of technological sovereignty and 

geopolitical influence (UNCTAD, 2021). 

AI systems rely on three interdependent components: 

 Data availability 

 Computational infrastructure 

 Skilled human capital 

Control over these components confers structural advantages. Advanced 

economies with established research ecosystems, high-performance computing 

facilities, and robust digital infrastructures accumulate disproportionate 

influence over global AI development. In the context of biochemistry, this 

translates into dominance in genomics databases, pharmaceutical patents, and 

algorithmic drug design platforms. The recent breakthroughs in protein 

structure prediction using deep learning models demonstrate how AI can 

fundamentally alter the landscape of biological research (Jumper et al., 2021).   
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Such innovations accelerate pharmaceutical research cycles, reduce 

development costs, and reshape competitive dynamics within the 

biotechnology sector. Technological breakthroughs thus become instruments of 

economic leverage and soft power. 

 

Data as Political-Economic Capital 

A critical dimension of AI in biochemistry concerns the political 

economy of data. Biomedical datasets—genomic sequences, clinical trial 

results, proteomic maps—are increasingly valuable strategic assets. Scholars 

argue that data functions as a new form of capital within digital capitalism 

(Srnicek, 2017; Zuboff, 2019). 

Control over large-scale biomedical data repositories enables: 

 Accelerated algorithm training 

 Proprietary knowledge generation 

 Patent consolidation 

 Market exclusivity 

However, data accumulation is unevenly distributed. High-income 

countries possess advanced sequencing technologies and cloud-based 

infrastructures, while many developing economies face infrastructural 

constraints. This asymmetry risks reinforcing global scientific dependency and 

digital colonialism. 

Within higher education, reliance on proprietary AI platforms may 

further entrench dependence on multinational technology corporations. 

Universities that lack local computational infrastructure often depend on 

external cloud services and licensed algorithms, raising concerns regarding data 

sovereignty, intellectual property ownership, and regulatory oversight. 

 

Human Capital Formation and AI-Driven Scientific Education 

The political economy of AI is also shaped by human capital formation. 

Education systems function as pipelines that supply skilled labor to innovation-

driven economies (Becker, 1993). In the life sciences, computational literacy 

has become indispensable. 
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AI integration into biochemistry education enhances competencies 

in: 

 Bioinformatics 

 Computational modeling 

 Systems biology 

 Predictive analytics 

Students trained at the intersection of biochemistry and machine learning 

are positioned to participate in high-value global industries. Consequently, 

curriculum design becomes an economic policy instrument. States that embed 

AI competencies within life science education cultivate technologically 

competitive workforces capable of driving domestic biotech innovation. 

Conversely, countries that fail to integrate AI into scientific training risk 

marginalization within the global knowledge economy. The digital divide thus 

extends beyond internet access to encompass algorithmic literacy and 

computational research capacity. 

 

Regulatory Governance and Ethical Political Economy 

The expansion of AI in biochemistry also raises governance 

challenges. Regulatory frameworks must address issues of: 

 Data privacy and protection 

 Algorithmic bias 

 Transparency and reproducibility 

 Intellectual property regimes 

 Cross-border data flows 

In the absence of harmonized global standards, regulatory fragmentation 

may produce competitive distortions. Advanced economies with established 

digital governance systems may set de facto global norms, influencing 

international standards in biomedical AI research. 

Furthermore, ethical concerns regarding genetic data ownership and AI-

assisted medical decision-making introduce moral dimensions into economic 

competition. The governance of AI in biochemistry thus intersects with public 

trust, human rights, and bioethical principles. 
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Conceptual Synthesis 

Synthesizing these perspectives, AI in biochemistry education and 

research can be conceptualized through three interrelated political 

economy dimensions: 

 Innovation Capital – AI enhances scientific productivity and economic 

competitiveness. 

 Structural Power – Control over data and infrastructure shapes global 

hierarchies. 

 Human Capital Development – Educational integration determines long-

term national positioning. 

This framework enables a critical analysis that transcends technological 

determinism. AI is not an autonomous force reshaping biochemistry; rather, it 

operates within structured systems of power, capital accumulation, and global 

governance. The next section builds on this framework by examining how AI 

and ML are transforming pedagogical practices in biochemistry education and 

reshaping the formation of scientific expertise. 

 

2. ARTIFICIAL INTELLIGENCE AND MACHINE 

LEARNING IN BIOCHEMISTRY EDUCATION 

The integration of Artificial Intelligence (AI) and Machine Learning 

(ML) into biochemistry education represents a profound transformation in the 

epistemology, pedagogy, and institutional organization of scientific training. 

Beyond serving as auxiliary instructional tools, AI systems are redefining how 

biochemical knowledge is accessed, interpreted, simulated, and applied. Within 

the context of global knowledge economies, this transformation carries 

significant implications for human capital formation, technological 

competitiveness, and academic governance. 

 

Transformation of Pedagogical Methodologies 

Traditional biochemistry education has relied heavily on lectures, 

laboratory experiments, and static textbooks. While foundational, these 
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methods are often limited in addressing the complexity and scale of 

contemporary biochemical datasets.  

AI-enabled educational technologies introduce adaptive learning 

systems capable of personalizing instruction based on student performance 

patterns (Luckin et al., 2016). 

Machine learning algorithms can analyze: 

 Student response trends 

 Conceptual misunderstandings 

 Learning speed variations 

 Performance analytics 

This allows for dynamic adjustment of instructional materials, targeted 

remediation, and individualized feedback. In biochemistry—where abstract 

concepts such as enzyme kinetics, metabolic regulation, and molecular 

interactions can be cognitively demanding—adaptive platforms enhance 

conceptual clarity and retention. Moreover, AI-powered tutoring systems 

reduce reliance on uniform, one-size-fits-all teaching models. The result is a 

shift toward data-informed pedagogy, where instructional strategies are guided 

by learning analytics rather than solely by instructor intuition. 

 

Virtual Laboratories and Computational Simulation 

One of the most significant innovations in AI-driven biochemistry 

education is the development of virtual laboratories and simulation 

environments. Laboratory experimentation remains central to biochemical 

training; however, physical labs are resource-intensive and often constrained 

by cost, equipment availability, and safety considerations. 

AI-enhanced simulation platforms enable students to: 

 Model enzyme-substrate interactions 

 Predict metabolic pathway outcomes 

 Visualize protein folding dynamics 

 Simulate molecular docking processes 

These virtual environments allow repeated experimentation without 

material limitations, thereby reinforcing experiential learning. Importantly, ML 

models can simulate complex biological systems with high predictive accuracy, 
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exposing students to data-intensive scientific methodologies reflective of 

modern research practice. 

For institutions in developing economies, virtual laboratories may 

partially mitigate infrastructural constraints. However, access remains 

contingent upon digital infrastructure and computational capacity, reinforcing 

the political economy dimension of technological access. 

 

Integration of Bioinformatics and Computational Literacy 

The convergence of AI and biochemistry has elevated bioinformatics 

from a specialized subfield to a core competency. Contemporary biochemical 

research generates high-throughput datasets in genomics, proteomics, and 

metabolomics that require algorithmic interpretation. 

Incorporating ML into biochemistry curricula equips students with 

skills in: 

 Data preprocessing and cleaning 

 Statistical modeling 

 Predictive analytics 

 Pattern recognition in biological systems 

This interdisciplinary training aligns scientific education with the 

demands of biotechnology and pharmaceutical industries. Graduates proficient 

in both biochemical theory and computational modeling possess competitive 

advantages in global labor markets. From a political economy perspective, such 

curricular integration strengthens national innovation systems. States that 

prioritize AI-augmented life science education cultivate a technologically agile 

workforce capable of contributing to domestic biotech ecosystems. 

 

Democratization or Digital Stratification? 

While AI promises educational democratization through remote learning 

platforms and open-access computational tools, it simultaneously risks 

deepening digital stratification. Elite institutions with advanced computational 

infrastructure can integrate sophisticated AI systems seamlessly. In contrast, 

under-resourced universities may struggle with: 

 Limited bandwidth 

 Inadequate hardware 
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 Insufficient faculty training 

 Restricted access to licensed AI software 

This asymmetry affects not only teaching quality but also students’ 

exposure to emerging scientific methodologies. Consequently, disparities in AI 

adoption within biochemistry education may reproduce global inequalities in 

research capacity and innovation potential. The reliance on proprietary AI 

platforms further complicates this landscape. Educational institutions may 

become dependent on multinational technology firms for software access, cloud 

storage, and algorithmic tools. Such dependency introduces concerns regarding 

data ownership, intellectual autonomy, and long-term academic sovereignty. 

 

Ethical and Governance Implications in Academic Settings 

The deployment of AI in education raises critical governance and ethical 

considerations. Learning analytics systems collect extensive student data, 

including performance metrics and behavioral patterns. Safeguarding this data 

requires robust regulatory frameworks to ensure privacy and prevent misuse. 

Additionally, algorithmic bias within AI systems may affect assessment 

fairness. If training datasets reflect structural inequities, predictive models 

could inadvertently disadvantage certain groups. Transparent algorithm design 

and oversight mechanisms are therefore essential in educational contexts. In 

biochemistry education specifically, the increasing use of AI-generated 

research summaries, predictive modeling tools, and automated problem-solving 

systems also raises questions about academic integrity and originality. 

Institutions must balance technological augmentation with the cultivation of 

independent critical thinking. 

 

Reconfiguring the Role of the Educator 

AI integration does not eliminate the need for educators; rather, it 

transforms their roles. Instructors shift from being primary knowledge 

transmitters to facilitators of analytical reasoning and interdisciplinary 

integration. Faculty members must themselves acquire computational literacy 

to effectively guide students in AI-enhanced environments. This transformation 

necessitates professional development initiatives and institutional investment. 

Without adequate faculty training, AI systems risk being underutilized or 



DIGITAL TRANSFORMATION, ARTIFICIAL INTELLIGENCE, AND 

GLOBAL GEOPOLITICS 

39 
 

misapplied. Thus, the effectiveness of AI in biochemistry education depends on 

complementary investments in human capital and organizational adaptation. 

Strategic Implications for Emerging Economies 

For emerging economies, the integration of AI into biochemistry 

education presents both opportunity and risk. Strategic adoption can accelerate 

domestic scientific capacity, reduce reliance on foreign expertise, and enhance 

participation in global biotech markets. However, without localized 

infrastructure development, countries may remain consumers rather than 

producers of AI-driven scientific innovation. National policy alignment 

between higher education reform, digital infrastructure investment, and 

biotechnology strategy is therefore critical. AI-driven biochemistry education 

should be embedded within broader innovation frameworks to maximize 

developmental impact. Having examined how AI and ML transform 

pedagogical practices and human capital formation in biochemistry education, 

the next section turns to their role in reshaping biochemical research itself—

particularly in areas such as drug discovery, molecular modeling, and 

biotechnology competitiveness. 

 

3. ARTIFICIAL INTELLIGENCE AND MACHINE 

LEARNING IN BIOCHEMISTRY RESEARCH AND 

INNOVATION 

While AI and Machine Learning (ML) are transforming biochemistry 

education, their impact on research and innovation is even more profound. In 

contemporary life sciences, computational intelligence is not merely a 

supplementary analytical tool; it has become a central engine of discovery. The 

integration of AI into biochemical research reshapes innovation cycles, 

pharmaceutical competitiveness, intellectual property regimes, and global 

biotechnology value chains. 

 

Data-Intensive Science and the Rise of Algorithmic Discovery 

Modern biochemical research operates within a data-intensive paradigm. 

High-throughput technologies such as next-generation sequencing, mass 

spectrometry, and metabolomic profiling generate vast datasets that exceed the 
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processing capacity of traditional analytical methods (Topol, 2019). AI 

algorithms, particularly deep learning models, enable pattern recognition across 

multidimensional biological datasets. 

Machine learning techniques facilitate: 

 Identification of gene–protein interactions 

 Prediction of enzyme kinetics 

 Molecular docking simulations 

 Biomarker discovery 

 Metabolic pathway optimization 

The shift toward algorithmic discovery represents a structural 

transformation in scientific methodology. Rather than relying solely on 

hypothesis-driven experimentation, researchers increasingly deploy data-

driven exploratory approaches. AI systems detect correlations and patterns that 

may not be immediately apparent through conventional laboratory techniques. 

This transition reduces experimental uncertainty and accelerates knowledge 

production. In the political economy context, speed of discovery translates into 

competitive advantage within pharmaceutical and biotechnology markets. 

 

AI-Driven Drug Discovery and Pharmaceutical Competitiveness 

One of the most commercially significant applications of AI in 

biochemistry is drug discovery. Traditional pharmaceutical development is 

costly, time-consuming, and characterized by high failure rates. Machine 

learning models streamline this process by predicting molecular interactions, 

optimizing lead compounds, and identifying potential toxicity risks before 

clinical trials. 

Deep learning systems have demonstrated capacity to: 

 Predict protein structures with high precision (Jumper et al., 2021) 

 Identify novel drug targets 

 Repurpose existing drugs 

 Optimize chemical synthesis pathways 

These innovations shorten research timelines and reduce development 

costs, thereby altering competitive dynamics within global pharmaceutical 

industries. Firms that leverage AI effectively gain market advantage through 
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faster patent acquisition and reduced R&D expenditure. From an International 

Political Economy perspective, AI-driven pharmaceutical innovation becomes 

a strategic economic asset.  

States with strong biotech ecosystems supported by public research 

funding, digital infrastructure, and regulatory efficiency consolidate leadership 

in global health markets. Conversely, countries lacking AI integration risk 

technological dependency and diminished participation in high-value segments 

of the bioeconomy. 

 

Intellectual Property and Algorithmic Ownership 

The expansion of AI in biochemical research introduces complex 

intellectual property (IP) challenges. When machine learning algorithms 

generate predictive models, molecular structures, or novel compound designs, 

questions arise regarding ownership and patentability. 

Key issues include: 

 Whether AI-generated discoveries qualify for patent protection 

 Ownership of training datasets 

 Cross-border data access regulations 

 Algorithm transparency requirements 

Corporations with proprietary AI platforms may accumulate extensive 

patent portfolios, strengthening monopolistic positions within biotechnology 

sectors. This concentration of algorithmic ownership reflects broader trends in 

digital capitalism, where technological infrastructures function as mechanisms 

of market control (Srnicek, 2017). For developing economies, restrictive IP 

regimes may limit access to AI-driven biomedical innovations. The asymmetry 

between algorithm-owning corporations and data-contributing regions raises 

concerns about equitable benefit sharing, particularly in genomics and 

pharmaceutical research. 

 

Public–Private Partnerships and Innovation Ecosystems 

AI-driven biochemistry research increasingly operates within hybrid 

innovation ecosystems that combine universities, technology firms, 

pharmaceutical companies, and government agencies. Public–private 
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partnerships (PPPs) facilitate knowledge transfer, funding allocation, and 

commercialization pathways. 

In advanced economies, coordinated innovation systems integrate: 

 State-funded research institutions 

 Venture capital investment 

 Startup biotechnology firms 

 Regulatory agencies 

 Digital infrastructure providers 

These networks accelerate the translation of laboratory discoveries into 

marketable products. The state plays a critical role not only in funding basic 

research but also in shaping regulatory environments that attract AI investment 

(Mazzucato, 2018). Emerging economies face structural challenges in 

replicating such ecosystems. Limited venture capital, weak digital 

infrastructure, and fragmented research funding hinder the integration of AI 

into domestic biotech industries. Without deliberate policy intervention, global 

AI-biochemistry innovation may remain concentrated within technologically 

advanced regions. 

 

Global Value Chains and Technological Dependency 

AI integration into biochemical research reconfigures global value 

chains. High-income countries often control algorithm development, cloud 

infrastructure, and patent portfolios, while lower-income regions may 

contribute raw biological data or participate in lower-value production stages. 

This configuration risks reinforcing technological dependency. For 

example: 

 Genomic samples collected in developing regions may be sequenced and 

analyzed using AI systems located in advanced economies. 

 Pharmaceutical patents derived from such analyses may be registered 

abroad. 

 Revenue from commercialization may disproportionately benefit 

algorithm-owning firms. 

Such patterns echo historical core–periphery dynamics in global 

economic systems. The digitalization of biochemistry may therefore replicate 
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structural inequalities unless governance mechanisms promote inclusive 

participation and capacity building. 
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Ethical Considerations in AI-Driven Research 

AI-driven biochemical research also introduces ethical complexities. 

Predictive modeling in genomics and precision medicine raises concerns 

regarding data privacy, informed consent, and potential discrimination based 

on genetic profiling. Algorithmic bias may influence diagnostic predictions or 

therapeutic recommendations if training datasets lack demographic diversity. 

Ethical oversight frameworks must therefore address transparency, 

accountability, and equitable representation in AI systems. Moreover, the 

increasing automation of research processes raises philosophical questions 

about scientific agency. If AI systems generate hypotheses and design 

experiments, the epistemological foundations of scientific inquiry evolve. This 

transformation demands critical reflection within academic and policy circles. 

 

Strategic National Implications 

At the national level, AI-enhanced biochemistry research 

contributes to: 

 Health security 

 Economic diversification 

 Pharmaceutical sovereignty 

 Technological competitiveness 

Countries that successfully integrate AI into life science research 

strengthen their positions within global biotechnology markets. Investments in 

computational infrastructure, AI education, and domestic data governance 

become instruments of long-term economic strategy. However, the pursuit of 

technological power must be balanced with regulatory prudence and ethical 

responsibility. Excessive concentration of algorithmic control may undermine 

public trust and exacerbate global inequalities. 

 

4. GLOBAL POLITICAL ECONOMY IMPLICATIONS 

AND TECHNOLOGICAL POWER 

The integration of Artificial Intelligence (AI) and Machine Learning 

(ML) into biochemistry education and research extends beyond institutional 

transformation; it reshapes global distributions of technological power, 

economic advantage, and scientific sovereignty.  
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Within the framework of International Political Economy (IPE), AI-

driven biochemistry must be understood as part of a broader restructuring of 

global capitalism in which digital infrastructures, data control, and innovation 

ecosystems determine geopolitical positioning. 

 

Technological Sovereignty and Strategic Autonomy 

Technological sovereignty refers to a state’s capacity to develop, control, 

and regulate critical technologies without excessive external dependence. In the 

twenty-first century, AI has become a foundational strategic technology 

comparable to nuclear capability in the twentieth century (UNCTAD, 2021). 

In biochemistry, technological sovereignty manifests in the ability to: 

 Develop domestic AI research infrastructure 

 Maintain national genomic and biomedical databases 

 Produce pharmaceuticals through AI-assisted modeling 

 Train a computationally skilled scientific workforce 

States that lack these capabilities risk becoming structurally dependent 

on foreign algorithms, cloud infrastructures, and pharmaceutical patents. Such 

dependency limits domestic innovation and may expose countries to 

geopolitical vulnerability during global crises, such as pandemics or supply 

chain disruptions. The COVID-19 pandemic illustrated how biotechnology 

capacity intersects with national security and economic resilience. AI-assisted 

vaccine design and genomic surveillance became instruments of both public 

health response and international diplomacy. Thus, AI in biochemistry is not 

merely an academic development but a strategic dimension of national power. 

 

Digital Inequality and the Reproduction of Global Hierarchies 

Despite narratives of technological democratization, AI development 

remains highly concentrated geographically. Advanced economies dominate 

high-performance computing infrastructure, venture capital investment, and 

proprietary AI platforms. This concentration risks reproducing core–periphery 

dynamics within the digital bioeconomy. 
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Digital inequality in AI-driven biochemistry operates across several 

axes: 

 Infrastructure disparities – unequal access to supercomputing and cloud 

systems 

 Data asymmetries – uneven ownership of large-scale biomedical datasets 

 Skill gaps – differences in AI and computational literacy 

 Funding imbalances – concentration of R&D investment in advanced 

economies 

These disparities influence research output, patent acquisition, and 

industrial competitiveness. Universities in technologically advanced states are 

more likely to attract research grants, industry partnerships, and global 

collaborations. In contrast, institutions in lower-income regions may remain 

peripheral contributors to data generation rather than central innovators. The 

result is a stratified global scientific order in which algorithm-owning actors 

capture disproportionate value from AI-enhanced biochemistry. Without 

deliberate policy interventions, the integration of AI into life sciences may 

intensify rather than reduce global inequalities. 

 

Data Governance and Cross-Border Regulation 

Biomedical AI systems depend on cross-border data flows. Genomic 

information, clinical trial data, and proteomic databases are often shared across 

international research networks. However, regulatory frameworks governing 

data privacy, intellectual property, and digital security vary significantly across 

jurisdictions. 

This fragmentation produces three political economy challenges: 

 Regulatory competition among states 

 Jurisdictional disputes over data ownership 

 Uneven enforcement of ethical standards 

Advanced economies may impose stringent data protection regulations, 

shaping global standards through market influence. Smaller economies often 

adapt to these frameworks to maintain access to international research 
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networks. Thus, regulatory power becomes a mechanism of structural influence 

within global AI governance. 

Moreover, the commercialization of biomedical data raises questions of 

benefit-sharing and consent. Communities that contribute biological samples 

may not equitably share in the economic gains generated through AI-driven 

pharmaceutical development. This dynamic intersects with longstanding 

debates regarding resource extraction and intellectual property in global health. 

 

AI, Capital Accumulation, and Platformization 

The political economy of AI in biochemistry is closely linked to broader 

trends in digital capitalism. Large technology corporations increasingly provide 

cloud infrastructure, machine learning frameworks, and computational tools 

used in life science research. This “platformization” of science centralizes 

control within a small number of global firms. 

Platform dominance enables corporations to: 

 Monetize access to computational resources 

 Accumulate proprietary datasets 

 Integrate vertically across research and commercialization stages 

 Influence research agendas through funding priorities 

Such concentration may limit academic autonomy and shape the 

direction of scientific inquiry according to market incentives. Public research 

institutions may become dependent on private digital infrastructures, blurring 

the boundary between public knowledge production and corporate control. 

From an IPE standpoint, AI platforms function as structural power 

instruments—shaping not only markets but also norms, standards, and research 

priorities within the life sciences. 

 

Geopolitical Competition and the Bioeconomy 

AI-enhanced biochemistry is increasingly embedded within geopolitical 

competition. States view biotechnology and pharmaceutical innovation as 

pillars of economic growth, health security, and global influence. National AI 

strategies often include explicit references to biotechnology integration. 

Competition occurs in areas such as: 
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 Genomic data dominance 

 Vaccine innovation capacity 

 Precision medicine leadership 

 Patent portfolio expansion 

 Talent acquisition and retention 

This strategic rivalry reinforces the link between scientific education, 

research investment, and international positioning. Nations that successfully 

integrate AI into life science education cultivate long-term strategic advantage. 

However, excessive competition may also generate fragmentation in global 

research collaboration. Restrictions on technology transfer, export controls, and 

data localization policies could limit scientific cooperation, slowing collective 

progress in addressing global health challenges. 

 

Implications for Emerging Economies 

For emerging economies, AI in biochemistry presents both 

transformative potential and structural risk. Strategic policy alignment 

can leverage AI to: 

 Strengthen domestic research ecosystems 

 Reduce pharmaceutical import dependency 

 Build regional biotech innovation hubs 

 Enhance participation in global knowledge networks 

However, achieving these outcomes requires: 

 Investment in digital infrastructure 

 Reform of higher education curricula 

 Development of local AI research centers 

 Balanced intellectual property frameworks 

 Ethical and regulatory capacity building 

Absent these measures, emerging economies may remain consumers of 

AI-enabled biomedical technologies rather than producers of innovation. 

 

Reframing AI in Biochemistry as Structural Power 

Synthesizing these dimensions, AI in biochemistry must be 

conceptualized not simply as a scientific breakthrough but as a structural power 
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mechanism within global political economy. Control over algorithmic systems, 

biomedical data, and innovation networks determines who benefits from the 

digital bioeconomy. 

These reframing shifts analysis from technological determinism to 

institutional and structural critique. AI does not automatically produce 

equitable progress; its outcomes are mediated by governance regimes, 

economic systems, and geopolitical strategies. 

 

CONCLUSION AND POLICY RECOMMENDATIONS 

The integration of Artificial Intelligence (AI) and Machine Learning 

(ML) into biochemistry education and research represents more than a 

technological enhancement of scientific practice. As this chapter has 

demonstrated, AI-driven biochemistry is embedded within broader 

transformations of global knowledge production, economic competitiveness, 

and geopolitical power. It operates simultaneously as an innovation accelerator, 

a human capital formation mechanism, and a structural instrument of 

technological influence within the global political economy. 

 

Synthesis of Core Arguments 

First, AI is reshaping the epistemology of biochemistry by enabling data-

intensive discovery, predictive modeling, and algorithmic hypothesis 

generation. Scientific inquiry is increasingly hybridized—combining 

experimental methodologies with computational intelligence. This shift 

enhances research productivity but also redefines the boundaries of scientific 

agency. Second, AI integration into biochemistry education transforms 

pedagogical systems and workforce development. Adaptive learning platforms, 

virtual laboratories, and computational literacy training align life science 

education with the demands of digital biotechnology industries. However, 

unequal access to AI infrastructure risks reinforcing global educational 

stratification. Third, AI-driven research innovation alters global pharmaceutical 

and biotechnology value chains. Firms and states that control algorithmic 

platforms, biomedical datasets, and high-performance computing systems 

consolidate competitive advantages. Intellectual property regimes and digital 
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infrastructures thus become central arenas of economic power. Finally, the 

political economy of AI in biochemistry reveals deep structural asymmetries.  
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Technological sovereignty, data governance, and regulatory capacity 

determine whether states emerge as innovation leaders or remain dependent 

participants in the global bioeconomy. Without deliberate policy strategies, AI 

may reproduce existing hierarchies rather than democratize scientific 

advancement. 

 

Policy Recommendations 

To ensure that AI integration into biochemistry contributes to equitable 

and sustainable development, coordinated policy interventions are necessary at 

national and international levels. 

Strengthening Digital and Scientific Infrastructure, Governments 

should prioritize investment in: 

 High-performance computing facilities 

 National biomedical data repositories 

 Secure cloud infrastructures 

 Open-access research platforms 

Infrastructure development reduces dependency on foreign digital 

ecosystems and enhances domestic innovation capacity. Public funding 

mechanisms must support interdisciplinary AI–biochemistry research hubs 

within universities. 

Reforming Biochemistry Curricula: 

Higher education institutions should embed AI and ML competencies 

within life science curricula. Core components should include: 

 Bioinformatics training 

 Statistical learning methods 

 Data ethics and governance 

 Computational modeling 

Faculty development programs are equally essential to ensure instructors 

can effectively integrate AI tools into teaching and research supervision. 

Promoting Inclusive Innovation Ecosystems: 

Public–private partnerships must be structured to protect academic 

autonomy while fostering commercialization pathways. Policy frameworks 

should encourage: 
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 Technology transfer mechanisms 

 Startup incubation in biotechnology 

 Venture capital access for AI-driven life science innovation 

 Collaborative research networks across regions 

Emerging economies, in particular, should design innovation policies 

that integrate education reform with industrial biotechnology strategy. 

Establishing Robust Data Governance Frameworks, Given the 

centrality of biomedical data, states must develop clear regulatory 

frameworks addressing: 

 Data ownership 

 Privacy protection 

 Ethical consent 

 Cross-border data sharing 

 Benefit-sharing arrangements 

Transparent governance mechanisms strengthen public trust and ensure 

equitable distribution of AI-driven research benefits. 

Encouraging International Cooperation: 

Although geopolitical competition shapes AI development, global health 

challenges require cooperative frameworks. International organizations and 

regional blocs should promote: 

  Shared biomedical databases with equitable governance 

  Collaborative AI research initiatives 

  Harmonized ethical standards 

  Capacity-building programs for lower-income countries 

Balanced cooperation can mitigate the risk of digital fragmentation while 

preserving national strategic interests. 

 

Future Trajectories 

Looking forward, AI will likely deepen its integration into molecular 

modeling, synthetic biology, precision medicine, and systems biotechnology. 

The boundary between computational science and wet-lab experimentation will 

continue to blur. Educational systems must therefore anticipate long-term shifts 

in scientific skill requirements. 

 



DIGITAL TRANSFORMATION, ARTIFICIAL INTELLIGENCE, AND 

GLOBAL GEOPOLITICS 

53 
 

The future of AI-driven biochemistry will depend not only on 

algorithmic sophistication but also on governance choices. States and 

institutions that combine technological innovation with inclusive policy design 

will be better positioned to harness AI as a catalyst for sustainable development. 

 

Concluding Reflection 

Artificial Intelligence in biochemistry education and research embodies 

the convergence of science, capital, and power in the digital age. It illustrates 

how knowledge production is inseparable from economic strategy and 

geopolitical positioning. Understanding this convergence is essential for 

designing policies that balance innovation with equity, competitiveness with 

cooperation, and technological advancement with ethical responsibility. In this 

sense, AI-driven biochemistry is not simply a scientific evolution—it is a 

defining feature of contemporary global political economy. 
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INTRODUCTION          

The advent of artificial intelligence (AI) has revolutionized educational 

landscapes worldwide, particularly in science disciplines like Biology, where it 

enables advanced simulations, data analysis, and personalized instruction. In 

Nigeria, secondary education systems face persistent challenges such as limited 

resources, teacher shortages, and digital inequalities, especially in regions like 

Plateau State. This chapter delves into the influence of AI exposure on senior 

secondary students' awareness of digital geopolitics within Biology education 

a domain where AI intersects with global issues like biotechnological 

advancements, data privacy, and international power structures.  

Artificial Intelligence AI refers to systems that simulate human 

intelligence, including machine learning (ML), neural networks, and natural 

language processing (NLP). Theoretically, AI is rooted in cybernetics for 

instance, Norbert Wiener's work on feedback systems and computational theory 

for instance, Alan Turing's ideas on machine intelligence. Key concepts include 

algorithmic decision-making, data-driven learning, and ethical considerations 

like bias and autonomy. In practice, AI enables predictive modeling, 

automation, and personalization. Biology Education: This field focuses on 

teaching biological sciences, encompassing pedagogy, curriculum design, and 

experiential learning.  

Theoretically, it's grounded in constructivism for instance, Jean Piaget's 

stages of cognitive development) and inquiry-based learning for instance, John 

Dewey's emphasis on hands-on experience. Core ideas include understanding 

life processes for instance, genetics, ecology, evolution through methods like 

laboratory simulations, fieldwork, and interdisciplinary integration. Challenges 

involve accessibility, especially in resource-limited settings, and adapting to 

rapid scientific advancements like biotechnology. Digital Geopolitics: Digital 

geopolitics examines how digital technologies influence international relations, 

power structures, and sovereignty. Theoretically, it builds on traditional 

geopolitics such as Halford Mackinder's heartland theory but extends to 

cyberspace, inspired by scholars like Manuel Castells (network society) and 

Joseph Nye (soft power in the information age).   
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Key concepts include data colonialism (exploitation of data from 

developing nations), cyber sovereignty (state control over digital 

infrastructure), tech hegemony (dominance by powers like the US and China), 

and the digital divide (unequal access to technology). It involves issues like AI 

governance, cybersecurity, and the weaponization of information. It is a 

strategic interplay of digital technologies in shaping global relations, 

manifesting in Biology through AI-driven fields such as genetic engineering 

and bioinformatics, which involve cross-border data flows and ethical 

considerations. As Mampuys (2024) argues, biotechnology is increasingly 

geopoliticized, with nations leveraging AI for competitive advantages in health, 

agriculture, and security. In Nigerian contexts, integrating AI in Biology can 

enhance students' critical understanding of these dynamics, addressing gaps in 

digital literacy highlighted by Othman (2023) and Sok et al. (2025). Global 

reports, such as those from UNESCO (2024), advocate for human-centered AI 

in education to promote equity and ethical awareness, particularly in 

developing countries. In Plateau State, where rural-urban divides exacerbate 

access issues, AI tools offer opportunities for adaptive learning in Biology 

topics like ecosystems and genomics. This chapter posits that purposeful AI 

exposure not only boosts pedagogical outcomes but also cultivates awareness 

of digital geopolitics, preparing students for a multipolar world. By reviewing 

conceptual foundations, barriers, perceptions, and geopolitical linkages, it 

provides a framework for integrating AI to foster informed, globally minded 

learners in Nigerian STEM education. 

 

1. CONCEPTUAL AND THEORETICAL FOUNDATIONS: 

AI, BIOLOGY EDUCATION, AND DIGITAL 

GEOPOLITICS 

The literature provides a rich foundation for understanding how artificial 

intelligence (AI) can be integrated into Biology education to enhance students' 

awareness of digital geopolitics. This section organizes key issues thematically, 

highlighting opportunities, barriers, perceptual shifts, geopolitical dimensions 

of biotechnology, and linkages to educational awareness in developing contexts 

like Nigeria. 
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1.1  Ai Technologies and Their Applications in Biology and 

Science Technology Engineering and Mathematics (Stem) 

Education 

AI technologies, including adaptive learning systems, intelligent 

tutoring, simulations, and automated feedback, offer personalized and 

interactive approaches to Biology topics such as genetics, ecology, and 

biotechnology processes. These applications address challenges in resource-

limited settings by simulating experiments and providing real-time support. For 

instance, AI-driven tools like adaptive platforms personalize learning by 

adjusting content difficulty based on student performance, which is particularly 

beneficial in Biology where concepts like molecular interactions require 

iterative practice. In Nigerian and African contexts, AI enhances engagement 

in complex Biology concepts, supports skill development for the digital era, 

and aligns with curriculum reforms introducing AI and robotics. A study by 

Akasa (2025) on integrating AI-powered tools in Biology education found that 

such technologies improve student outcomes in secondary schools by 

facilitating virtual labs and data analysis, reducing the need for expensive 

physical resources. Similarly, Tshibangu (2025) conducted a systematic review 

of AI in STEM education in Africa, emphasizing best practices like using AI 

simulations for ecosystem modeling, which helps bridge gaps in laboratory 

access. 

Global perspectives emphasize AI's role in adaptive systems that 

improve comprehension in STEM, particularly where teacher shortages persist. 

Hwang, Sung, Chang, & Huang, (2020) highlighted how AI personalization in 

Biology simulations boosts learning efficacy, while Crompton and Burke 

(2023) noted the state of AI in higher education, including Biology, where tools 

like natural language processing aid in conceptual understanding. Such 

technologies foster deeper understanding while preparing students for AI-

integrated futures, though their implementation requires alignment with local 

educational needs, as underscored by United Nations Educational, Scientific 

and Cultural Organization (UNESCO) (2024) reports on AI in education for 

equitable STEM access.   
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AI enhances biology teaching through tools like virtual labs (for instance, 

AI-simulated dissections or genomic sequencing models), adaptive learning 

platforms (example personalized tutoring via chatbots like those powered by 

GPT models), and big data analysis (for instance, Machine Learning ML for 

predicting ecological patterns). Theoretically, this aligns with socio-technical 

systems theory, where technology augments human cognition, but it raises 

concerns about equity. AI could exacerbate inequalities if not accessible to all. 

 

1.2 Advantages of AI in Biology Education in Nigeria 

The integration of Intelligence (AI Artificial) into biology education offers 

substantial advantages, particularly in resource-constrained contexts like 

Nigeria, where challenges such as inadequate laboratory facilities, large class 

sizes, and limited access to updated teaching materials persist. AI tools 

including intelligent tutoring systems, virtual laboratories, adaptive learning 

platforms, and simulations provide innovative solutions to enhance teaching 

and learning in biology, a subject often involving abstract concepts like 

genetics, ecology, cellular processes, and biotechnology. 

One primary advantage is personalized learning, where AI adapts content 

to individual student needs, paces, and learning styles. This is especially 

beneficial in biology, where students frequently struggle with complex and 

abstract models. For instance, AI-driven platforms can customize explanations 

of genetic inheritance or ecological interactions, improving comprehension and 

retention. In the Nigerian context, this helps address diverse learner 

backgrounds and varying proficiency levels in senior secondary schools and 

tertiary institutions (Ojah Scholarship Foundation initiatives, as referenced in 

broader STEM discussions, highlight AI's role in personalized video lessons 

and assessments). Another key benefit is enhanced student engagement and 

interactive experiences. AI-powered tools, such as virtual labs and simulations, 

enable hands-on exploration of biological phenomena (e.g., dissections, 

molecular modeling, or disease outbreak modeling) without physical resources. 

This fosters immersion that traditional textbooks cannot match, making 

learning more relevant and motivating.   
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Studies indicate that such tools significantly boost engagement, leading 

to better learning outcomes in biology education (Akgun & Greenhow, 2022, 

cited in related Nigerian lecturer awareness studies; Ugwuoti et al., 2023, on 

AI-based tools for biology teaching). 

AI also promotes the development of essential 21st-century skills, 

including critical thinking, problem-solving, and data analysis crucial for 

biology students aspiring to careers in biotechnology, healthcare, or 

environmental science. AI platforms encourage analytical reasoning through 

data-driven scenarios and feedback mechanisms. In Nigeria, where STEM 

education faces gaps in equipping students for a digital economy, AI integration 

bridges these by fostering skills like programming basics alongside biological 

inquiry (as explored in works on harnessing AI for science education and 

economic transformation). 

Furthermore, AI supports improved academic performance and 

understanding of complex concepts. Empirical evidence from Nigerian studies 

shows that students exposed to AI-based systems, such as chatbots or intelligent 

tutoring for biology topics, demonstrate significantly better achievement 

compared to traditional methods. For example, research on chatbot AI in senior 

secondary biology teaching revealed superior performance outcomes (studies 

on differences in academic performance using chatbot AI vs. expository 

methods). Similarly, AI tools enhance visualization and model-based reasoning 

for intricate biology models, bypassing material constraints in Nigerian schools 

(as discussed in explorations of AI products for complex biology concepts in 

the Nigerian context). 

Additional advantages include teacher support through automated 

grading, progress tracking, and data analytics, allowing educators to focus on 

mentorship rather than administrative tasks. This is particularly valuable in 

overcrowded Nigerian classrooms. AI also provides immediate feedback and 

adaptive assessments, reducing dropout risks and improving equity in access to 

quality biology education. 
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1.3 Disadvantages and Challenges of AI in Biology Education 

in Nigeria 

The integration of Artificial Intelligence (AI) in biology education holds 

transformative potential for Nigerian senior secondary students, yet it is 

accompanied by notable disadvantages and challenges that can limit its 

effectiveness, exacerbate inequalities, and introduce new risks. These 

drawbacks are particularly pronounced in Nigeria's context, characterized by 

infrastructural deficits, socioeconomic disparities, and uneven educational 

resources across urban and rural areas, including states like Plateau state in 

Nigeria. 

A major disadvantage is the digital divide and infrastructural barriers, 

which severely restrict AI adoption in biology classrooms. Reliable electricity, 

high-speed internet, and access to devices are prerequisites for AI tools such as 

virtual labs, adaptive simulations, or intelligent tutoring systems for topics like 

genetics or ecology. In many Nigerian schools especially in rural or under-

resourced regions intermittent power supply, poor connectivity, and lack of 

hardware make these tools inaccessible, widening the gap between privileged 

urban institutions and others. Studies highlight that limited digital infrastructure 

remains a primary obstacle, hindering widespread AI integration in education 

(as noted in systematic reviews on AI adoption challenges in Nigerian 

education). 

Closely linked is the issue of high costs and financial constraints. 

Developing, licensing, or maintaining AI-powered platforms (For instance, 

bioinformatics software or AI-driven virtual dissections) demands significant 

investment, which public schools in Nigeria often cannot afford due to chronic 

underfunding of the education sector. This results in reliance on expensive 

foreign tools or exclusion of low-income students, perpetuating educational 

inequities rather than alleviating them (discussed in evaluations of AI 

dependence risks in Nigerian education).  

Inadequate teacher training and readiness represents another critical 

limitation. Many biology educators lack the digital literacy or specific skills to 

effectively incorporate AI tools into lessons, such as interpreting AI-generated 

feedback on student models of cellular processes or addressing algorithmic 

errors in simulations.  
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Without targeted professional development, teachers may underutilize or 

misuse these technologies, leading to suboptimal learning outcomes. Research 

on teachers' perceptions and readiness in Nigerian contexts consistently points 

to limited training as a barrier to AI-integrated biology teaching. 

Furthermore, over-reliance on AI can undermine critical thinking, 

creativity, and academic integrity. Students may depend excessively on AI for 

generating explanations, solving problems (For instance, in evolutionary 

biology scenarios), or completing assignments, reducing opportunities for 

independent reasoning and hands-on inquiry essential to biology education. 

These risks diminishing originality and deep conceptual understanding, with 

concerns raised about plagiarism through AI misuse in assessments. Nigerian 

scholarship has flagged this as a threat, noting reduced critical thinking among 

students who over-rely on AI tools. 

Ethical concerns, data privacy, and algorithmic bias add further 

disadvantages. AI platforms often collect student data for personalization, 

raising privacy risks in a context with weak regulatory frameworks for data 

protection. Additionally, biases in AI algorithms trained predominantly on non-

African datasets may produce inaccurate or culturally insensitive outputs in 

biology topics like disease modeling (For instance, malaria prevalence) or 

biodiversity relevant to Nigerian ecosystems, potentially misleading learners or 

reinforcing stereotypes. 

Finally, potential for diminished teacher roles and job concerns emerges, 

as AI automation of routine tasks (e.g., grading quizzes on biological concepts) 

could devalue educators' mentorship in practical biology skills, though this 

remains more anticipatory in Nigeria's current low-adoption phase. 

 

2. BARRIERS AND CHALLENGES TO AI ADOPTION IN 

SECONDARY BIOLOGY EDUCATION IN DEVELOPING 

CONTEXTS 

Infrastructure deficits, inadequate teacher training, digital divides, and 

limited access to reliable technology hinder AI integration in Nigerian 

secondary schools, especially in rural areas like Plateau State. Many institutions 

lack reliable technology and trained educators, restricting effective 

implementation.  
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Studies on science teachers' adoption of AI reveal gaps in professional 

development and resource access, with usage often limited to basic digital tools 

rather than advanced AI applications. In Biology specifically, concerns include 

over-reliance on AI, potential reduction in critical thinking, and risks like 

misinformation or plagiarism. Nigerian research on teacher readiness and 

student perceptions identifies barriers such as inadequate infrastructure in rural 

areas and low digital literacy among educators. For example, Ogunleye and 

Olabode (2025) evaluated teachers' readiness to integrate AI in Biology 

teaching in Yobe State, finding challenges like limited access to devices and 

training, which echo broader African issues noted by Chickering (2025) in 

leveraging AI for equitable STEM education. 

Broader African literature echoes these issues, noting uneven access and 

the need for ethical frameworks to mitigate biases and privacy concerns in AI 

use. The cultural cost of AI in Africa's education systems, as discussed by 

Nyaaba, Shi, Nabang, Zhai, Kyeremeh, Ayoberd, &Akanzire, (2024), 

highlights how Western-centric AI tools may disrupt indigenous learning 

values, exacerbating inequalities. These barriers limit structured AI exposure in 

Biology, restricting benefits for underserved students and perpetuating 

educational disparities, as per the United Nations Educational, Scientific and 

Cultural Organization-International Centre for Health Education Innovation 

(2025) report on digital transformation in African higher education, which 

extends to secondary levels. 

Addressing these requires targeted policy and resource investments to 

enable equitable adoption, with calls for public-private partnerships to improve 

infrastructure, as suggested by Anzolin, De- Oliveira, Vrugt, AghaKouchak, & 

Chaffe, (2024). in bridging the AI divide in developing countries. 

 

3. STUDENTS' PERCEPTIONS, AWARENESS, AND 

READINESS FOR AI IN EDUCATION 

Nigerian students and teachers show growing positive attitudes toward 

AI in Biology and STEM, with awareness of its potential for personalized 

support and engagement. However, concerns include dependency, 

misinformation risks, privacy issues, and impacts on critical thinking.  
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Exposure to AI tools builds confidence and literacy, though many 

students feel unprepared for AI-enabled workplaces. In developing regions, 

perceptions reflect both enthusiasm for innovation and caution about ethical 

implications, underscoring the need for guided integration to foster informed 

use. A comparative study by Ashebir, Beyene, Samuel, & Kedir, (2025), on 

teachers' perceptions of AI in Biology teaching in Kaduna State revealed mixed 

student attitudes, with high enthusiasm for AI simulations but worries about 

over-reliance. Similarly, Sok, Heng, & Pum. (2025), surveyed student attitudes 

toward AI in education, finding favorable views in Nigeria but highlighting 

privacy concerns, aligning with global trends where AI enhances learning but 

raises ethical questions.  

In higher and secondary settings, students recognize AI's benefits for 

academic performance but worry about diminished critical thinking and data 

privacy. Positive outcomes from AI pilots, such as improved learning gains, 

suggest that structured exposure builds confidence and awareness. For instance, 

Ekanem and Akpan (2025) explored AI adoption in Biology teaching in Akwa 

Ibom State, noting prospects for engagement but challenges in student 

readiness due to infrastructural gaps. These findings indicate that increased AI 

integration could heighten students' understanding of digital technologies' role 

in education, as supported by Olayinka and Ojo (2025) on AI-enhanced skill 

development in Biology. 

 

3.1 Awareness, Perceptions, and Readiness for AI Integration 

in Nigerian Biology Education 

The integration of artificial intelligence (AI) into Biology education in 

Nigeria has garnered increasing attention, particularly in secondary and tertiary 

contexts, where awareness and perceptions among students and teachers play a 

pivotal role in adoption. A study by Ashebir et al. (2025) on teachers' 

perceptions of AI-integrated educational tools in Biology teaching in Zaria 

Local Government Area, Kaduna State, revealed mixed attitudes: while 

educators recognized AI's potential for enhancing conceptual understanding 

through simulations and adaptive learning, concerns about accessibility and 

training gaps persisted.  
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Similarly, undergraduate Biology education students in Nigeria 

exhibited positive attitudes toward AI tools, viewing them as enhancers of 

interactive learning, though low familiarity hindered full utilization (Perception 

and Attitude of Undergraduate Biology Education Students, 2025). In 

secondary schools, awareness remains limited; for instance, Biology students 

in Afijio, Oyo State, demonstrated low knowledge and utilization of AI tools, 

attributing this to curriculum gaps and lack of exposure (Biology Students 

Level of Awareness and Utilisation of Artificial Intelligence, 2025). Ogunleye 

and Olabode (2025) evaluated teachers' readiness in Potiskum, Yobe State, 

finding that while enthusiasm exists for AI in Biology instruction, 

infrastructural deficits and inadequate professional development limit 

preparedness. Ekanem and Akpan (2025) in Akwa Ibom State highlighted 

prospects for AI devices in Biology teaching, such as virtual labs for topics like 

genetics, but noted challenges like digital divides in rural areas. These findings 

underscore a growing but uneven awareness, with positive perceptions 

tempered by systemic barriers, suggesting the need for targeted interventions to 

boost AI literacy in Nigerian Biology classrooms. 

 

4. POTENTIALS AND IMPACTS OF AI ON LEARNING 

OUTCOMES AND SKILL DEVELOPMENT IN NIGERIAN 

BIOLOGY EDUCATION 

AI holds transformative potential for Biology education in Nigeria, 

addressing challenges like resource scarcity and complex concept mastery 

through personalized and interactive tools. A systematic review by Akasa 

(2025) on integrating AI-powered tools in Biology education demonstrated 

improved student outcomes in secondary schools via virtual labs and data 

analysis, reducing reliance on physical resources and enhancing engagement 

with topics such as ecology and biotechnology. Adelana et al. (2024) explored 

pre-service Biology teachers' intentions to use AI intelligent tutoring systems 

for genetics, finding that such tools improved comprehension of abstract 

concepts, with 90 participants reporting increased efficacy in high school 

settings.   
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In cardiovascular Biology, students reacted positively to an AI-powered 

website, showing enhanced learning experiences and no gender-based 

differences in attitudes (Students' Reactions Toward the Use of an AI-Powered 

Website, 2025). Broader impacts include skill development; Okunade (2024) 

emphasized AI's role in secondary science education, fostering problem-

solving and digital literacy. A critical review on AI in basic science teaching 

noted its revolutionary effects on primary-to-secondary transitions, promoting 

equitable access in Nigeria (The Role of Artificial Intelligence in 

Revolutionizing Basic Science Teaching, 2025). Lawal et al. (2025) assessed 

AI tools in Ilorin secondary schools, highlighting benefits for complex model 

concepts like molecular interactions. Overall, these studies indicate AI's 

capacity to elevate Biology performance, entrepreneurship, and economic 

transformation, though full realization requires overcoming adoption hurdles. 

 

5. THE GEOPOLITICAL DIMENSIONS OF 

BIOTECHNOLOGY AND DIGITAL TECHNOLOGIES 

Biotechnology, amplified by AI in areas like genomics and synthetic 

Biology, has become a strategic asset in global power dynamics, involving 

rivalries over data control, intellectual property, and supply chains. Major 

powers compete for dominance, raising issues of techno-nationalism, 

biosecurity, and dependencies for developing nations. The geopolitical turn in 

biotechnology, as analyzed by Mampuys (2024), highlights how AI 

convergence accelerates advancements, intensifying international competition. 

In Africa and Nigeria, biotechnology offers pathways to food security and 

economic independence through gene editing and policy shifts, yet risks 

technological exclusion and data sovereignty challenges persist. This 

geopolitical framing positions biotech as intertwined with international 

relations, ethics, and national development. The Belfer Center (2025) report on 

the geopolitical race in biotechnology underscores China's rapid gains, 

challenging U.S. leadership and reshaping global power. Literature highlights 

the "geopolitical turn" in biotechnology, where advancements in genomics, 

synthetic Biology, and AI convergence raise biosecurity, economic security, 

and dependency concerns for developing nations.  
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In education, this manifests as the need to foster awareness of these 

dynamics to prepare students for global challenges. Steptoe (2025) discusses 

the U.S.-China rivalry in biotech, emphasizing implications for security and 

innovation. 

 

Digital Geopolitics in the Context Of AI-Driven Education and 

Global Inequalities 

Digital geopolitics in education involves power asymmetries in 

technology access, data governance, and AI platform dominance, influencing 

cross-border collaboration and knowledge flows. In STEM and Biology 

education, this manifests as divides between global North and South, with AI 

potentially widening gaps or enabling equity through open resources. 

Geopolitical tensions affect educational diplomacy, including restrictions on 

collaborations in sensitive fields like biotechnology. In developing contexts, 

awareness of these dynamics is essential for fostering global citizenship and 

reducing dependencies. The United Nations Development Programme. (2025) 

report warns that AI risks sparking a new era of divergence, widening 

development gaps between countries due to uneven access to infrastructure and 

skills. Similarly, the Atlantic Council (2026) outlines how AI shapes 

geopolitics, with implications for education where digital divides exacerbate 

inequalities. In African and Nigerian contexts, limited participation in biotech 

innovation risks technological exclusion, emphasizing the importance of AI-

enhanced education to build awareness of data colonialism and international 

rivalries in genetic research. Huq (2025) explores the geopolitics of digital 

regulation, noting how AI in education can perpetuate global inequalities 

without inclusive policies. 

 

AI in Biology Education in Nigeria 

Nigeria's education system, governed by the National Policy on 

Education (emphasizing STEM), is increasingly integrating AI to address 

biology teaching challenges. For instance, AI tools like mobile apps for virtual 

biology simulations (e.g., PhET Interactive Simulations adapted locally) help 

overcome shortages of lab equipment in public schools. Theoretically, this 

aligns with Nigeria's Vision 2050, which promotes digital literacy.  
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Initiatives like the Nigerian Bioinformatics and Genomics Network use 

AI for genomic research education, training students in ML for disease 

modeling (e.g., malaria or sickle cell studies, prevalent in Nigeria). However, 

adoption is uneven: Elite institutions like the University of Lagos employ AI-

driven platforms, while rural areas lag due to poor internet (only ~50% 

penetration). A 2023 study by the African Centre for Technology Studies 

highlighted AI's potential to personalize biology learning, reducing dropout 

rates in secondary schools by 15-20% through adaptive quizzes. 

 

Influence of Digital Geopolitics 

Nigeria navigates a multipolar digital landscape, balancing US, Chinese, 

and European influences. China's Belt and Road Initiative has brought Huawei's 

AI infrastructure to Nigerian universities, enabling biology education tools like 

AI-powered microscopy for biodiversity studies in the Niger Delta. However, 

this raises geopolitical concerns: Data from Nigerian students using Chinese 

platforms could feed into Beijing's global AI ambitions, echoing "digital 

colonialism." Conversely, US partnerships (e.g., Google's Next Billion Users 

initiative) provide free AI education resources, but they tie into broader tech 

dominance, with Nigeria's data potentially flowing to American servers. The 

2021 Twitter ban in Nigeria (lifted in 2022) exemplified digital sovereignty 

tensions, impacting online biology education forums. Geopolitically, Nigeria's 

role in ECOWAS positions it to lead African AI standards, but cyber threats 

(e.g., from state actors) disrupt digital learning—over 70% of Nigerian 

institutions reported cyberattacks in 2024, per PwC reports. The digital divide 

is stark: Northern Nigeria's lower literacy rates (vs. South) mean AI benefits 

urban elites, perpetuating inequality. 

 

Bridging Ai Exposure in Biology Education to Awareness of 

Digital Geopolitics Targeted  

AI integration in Biology can cultivate critical awareness of digital 

geopolitics by using simulations to explore biotech rivalries, ethical biases, data 

sovereignty, and global implications. While direct linkages in literature are 

emerging, evidence suggests AI promotes thinking on privacy, power 

structures, and equity in technological advancements.  
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In Nigerian secondary education, this approach could empower students 

to engage with Africa's role in biotech, addressing gaps in digital literacy and 

preparing them for multipolar challenges through ethical and contextualized 

learning. Dwivedi et al. (2023) provide multidisciplinary perspectives on 

generative AI's opportunities and challenges, suggesting its use in education to 

build awareness of geopolitical implications. Similarly, the Center for 

Democracy and Technology (2025) links schools' AI adoption to increased 

student risks, advocating for awareness programs that tie AI exposure to 

broader digital geopolitics. In developing regions, AI literacy programs could 

cultivate informed perspectives on biotech geopolitics, aligning with global 

recommendations for ethical AI education to promote equity and global 

citizenship. Mampuys (2024) and Huskaj (2023) highlight how AI in Biology 

raises awareness of international power asymmetries, supporting educational 

strategies to foster critical geopolitical insight. 

 

6.  DIGITAL GEOPOLITICS IN BIOTECHNOLOGY 

Biotech geopolitics involves the strategic use of biotechnology 

advancements in international relations, economic competition, and national 

security. Major powers like the US and China vie for dominance in AI-

integrated biotech, influencing global innovation and supply chains (Steptoe, 

2025; Lazard, 2025). China's investments in biopharmaceuticals challenge US 

leadership, potentially reshaping power dynamics through control over genetic 

data and technologies (Belfer Center, 2025; CSIS, 2024). In developing 

countries, biotech geopolitics exacerbates dependencies, with limited access to 

AI tools hindering participation in global advancements (Anzolin et al., 2024; 

Huq, 2025). Ethical challenges, including data sovereignty and biosecurity, are 

prominent, as AI in genomics raises privacy concerns amid international 

rivalries (Mampuys, 2024; Nature, 2025). For Nigerian Biology education, 

exposing students to these dynamics via AI simulations can cultivate awareness 

of Africa's role in biotech, promoting equitable innovation (Tshibangu, 2025; 

UNESCO, 2024). Recent developments, such as US policies like the Biosecure 

Act, highlight efforts to mitigate risks from foreign dependencies, while cross-

border investments persist despite tensions (Lazard, 2025; Atlantic Council, 

2026).  
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In education, this underscores the need for curricula addressing biotech's 

geopolitical facets to prepare students for a multipolar world (World Bank, 

2024; Chickering, 2025). 

 

CONCLUSION AND RECOMMENDATIONS 

In conclusion, this chapter elucidates the profound influence of AI 

exposure on senior secondary students' awareness of digital geopolitics in 

Biology education within Plateau State, Nigeria. Through a conceptual lens, AI 

emerges as a catalyst for personalized learning and critical engagement with 

global biotech issues, yet barriers like infrastructure gaps and ethical concerns 

persist. The geopolitical dimensions of biotechnology, marked by rivalries and 

inequalities, necessitate educational strategies that empower students to 

navigate these complexities. By fostering AI literacy, Nigerian education can 

bridge digital divides, promote ethical awareness, and position youth as 

contributors to sustainable global innovation. To maximize AI's benefits, the 

following recommendations are proposed: 

 Curriculum Enhancement: Incorporate AI-driven modules in Biology 

syllabi, emphasizing digital geopolitics through simulations and case 

studies on biotech ethics, guided by UNESCO (2024) frameworks. 

 ii. Professional Development: Implement comprehensive training for 

teachers in Plateau State on AI tools and geopolitical awareness, 

addressing readiness gaps identified by Ogunleye and Olabode (2025) 

and Ekanem and Akpan (2025). 

 Infrastructure and Equity Initiatives: Partner with governments and 

NGOs to provide AI resources in underserved schools, mitigating divides 

as per Anzolin et al. (2024) and Chickering (2025). 

 iv. Ethical and Awareness Programs: Develop student-centered 

initiatives on AI risks and biotech geopolitics, fostering critical thinking 

aligned with Dwivedi et al. (2023) and the Center for Democracy and 

Technology (2025). 

 v. Research and International Collaboration: Encourage studies on AI's 

long-term impacts in Nigerian STEM, collaborating with global bodies 

to advocate for inclusive biotech policies (Tshibangu, 2025; Mampuys, 

2024).  
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These measures will cultivate resilient, informed learners, advancing 

Nigeria's educational and geopolitical standing. 
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