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Abstract
Frontier technologies are reshaping the global economy by changing how governments, firms and
societies produce, communicate and solve problems. Artificial intelligence (AI), robotics, the Internet
of Things (IoT), biotechnology, cloud and advanced computing, semiconductors and related digital
technologies are increasingly becoming strategic capabilities rather than stand-alone tools. For
Pakistan, this transformation presents a dual challenge: the country must expand access to new
technologies while also developing the skills, infrastructure, institutions and innovation capacity
required to use them productively. This paper examines Pakistan’s readiness for frontier technologies,
identifies major opportunities in the economy and public services, evaluates constraints, and proposes
a phased roadmap for 2026–2035.

The analysis uses a qualitative, secondary-source approach, drawing on government policy
documents and international development research. Pakistan has important foundations, including a
growing software and freelancing ecosystem, expanding digital services and a stronger policy focus on
AI. At the same time, persistent gaps in connectivity, digital skills, computing capacity, research
commercialisation, financing, cybersecurity and inclusion can limit the benefits of technological
change. The paper argues that Pakistan’s most realistic near-term strategy is not to reproduce the
world’s largest frontier-technology systems, but to adopt, adapt and apply them to domestic priorities
while gradually building indigenous capabilities. Sector-focused programmes in agriculture,
healthcare, education, manufacturing and government can create measurable economic and social
returns. Long-term competitiveness will depend on linking technology foundations to human capital,
research, innovation finance, responsible governance and global market access.

Keywords: frontier technologies, artificial intelligence, Pakistan, digital economy, robotics, IoT, biotechnology,
semiconductors, innovation, digital exports
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1. Introduction
Frontier technologies refer to rapidly advancing technologies that can substantially change economic
activity, public services and social organisation. They include AI and machine learning, robotics and
autonomous systems, IoT and edge computing, biotechnology, advanced health technologies, cloud
and high-performance computing, semiconductors and other enabling digital systems. Their
importance is not limited to technology companies: agriculture, manufacturing, logistics, healthcare,
education, finance and public administration can all be transformed through their application.

Pakistan enters this technological transition with both opportunities and structural constraints. The
country has a large and relatively young population, an established base of software professionals and
freelancers, a growing startup ecosystem and increasing demand for digital services. Government
policy has also moved toward a stronger focus on AI and digital transformation. However,
technological readiness remains uneven. Affordable and reliable connectivity, quality digital
infrastructure, advanced skills, access to compute and data, research capacity, financing and
regulatory predictability are all important determinants of whether frontier technologies create
broad-based value.

The central policy question is therefore not whether Pakistan should participate in the
frontier-technology economy, but how it can participate in a way that produces productivity, exports,
employment, better public services and technological resilience. A successful strategy must combine
adoption of proven technologies with investment in domestic capabilities.

2. Research Objectives
Assess Pakistan’s readiness for frontier technologies and identify major capability gaps.

Examine opportunities for productivity, exports, employment, investment and social development.

Analyze constraints involving skills, infrastructure, financing, regulation, cybersecurity and digital
inclusion.

Identify frontier technologies and application areas with strong potential for Pakistan’s economic and
social priorities.

Develop practical policy recommendations and a phased roadmap for sustainable technology-led
development.

3. Research Questions
How prepared is Pakistan to adopt and adapt frontier technologies?

Which sectors could gain the greatest productivity and social benefits?

What infrastructure, skills, financing and institutional barriers limit adoption?

How can Pakistan strengthen research, innovation and technology commercialisation?

What policy actions can help Pakistan move from technology consumption toward technology creation
and export?

4. Methodology
This study uses a qualitative analytical methodology based primarily on secondary sources. It reviews
government policy material, international development reports and technology-development evidence



WORLD POLITICS TIMES Page 5

relevant to Pakistan. The approach combines descriptive assessment with strategic analysis: first, it
identifies the country’s technology foundations; second, it maps potential applications across sectors;
third, it evaluates constraints; and finally, it develops recommendations and a 2026–2035 roadmap.

The analysis is designed to be policy-oriented rather than an econometric impact evaluation.
Consequently, claims about future gains are treated as opportunities or plausible effects rather than
guaranteed outcomes. The study emphasises implementation capacity, affordability, inclusion,
governance and measurable results.

5. Understanding Frontier Technologies
Artificial Intelligence and Machine Learning can automate repetitive tasks, generate predictions,
analyse large datasets, support decision-making and enable language technologies. For Pakistan, AI
has applications in customer services, software development, agriculture, financial services,
education, healthcare and government operations. Local-language AI can be particularly valuable
where conventional digital interfaces are less accessible.

Robotics and autonomous systems combine software, sensors and machines to perform physical
tasks. Their uses range from manufacturing and warehousing to agriculture, inspection and
healthcare. Pakistan can initially focus on application-oriented robotics rather than highly expensive
general-purpose systems.

IoT and edge computing connect sensors and devices so that physical processes can be monitored
and managed in real time. Potential uses include industrial monitoring, energy management,
irrigation, logistics and smart infrastructure.

Biotechnology and advanced health technologies can support diagnostics, genomics, precision
medicine, pharmaceuticals, improved crops and bio-manufacturing. These areas require strong
laboratory capacity, biosafety standards, research funding and skilled scientists.

Semiconductors, cloud services and advanced computing form a critical foundation for modern AI and
digital systems. Pakistan is unlikely to replicate the entire global semiconductor supply chain in the
short term, but it can develop strengths in chip design, embedded systems, software, testing,
specialised services and workforce development while improving access to cloud and compute
resources.

6. Pakistan’s Current Technology Landscape
Pakistan has strengthened its digital-policy environment, including the approval of a National AI Policy
in 2025. The policy direction signals growing recognition that AI skills, research, adoption and
governance should be treated as national development priorities.

The digital-services economy is one of Pakistan’s most promising technology-related growth areas.
World Bank reporting placed digitally delivered services exports at approximately US$4.94 billion in
2024, illustrating the scale already reached by technology-enabled services. This base can support
movement toward higher-value AI-enabled software, engineering, analytics and business services.

Despite progress, infrastructure quality and affordability remain important constraints. Broadband
availability and digital adoption have expanded, but gaps in service quality, cost, electricity reliability,
computing capacity and regional access can reduce the practical benefits of digital transformation.
Readiness also differs among firms, provinces, universities and public institutions.

The country therefore has a foundation on which to build, but frontier-technology competitiveness
requires moving beyond access toward quality, advanced skills, research, innovation and
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commercialisation.

7. Economic Opportunities and Digital Exports
AI-enabled software and business services could help Pakistan move from lower-value outsourcing
toward more specialised global services. Potential areas include software engineering, data analytics,
AI model development and integration, cybersecurity, cloud administration, digital product design and
industry-specific technology solutions.

Automation can raise productivity in manufacturing, textiles, logistics, retail and other sectors. The
strongest business case is likely to emerge where automation addresses measurable problems such
as quality control, energy waste, repetitive labour, inventory errors and equipment downtime.

Cloud platforms and digital public infrastructure can reduce entry barriers for startups and small firms.
When computing and digital services are available on demand, firms can experiment without making
the same level of upfront capital investment required for physical infrastructure.

Frontier-technology skills can also expand global freelancing and remote work. However, sustainable
export growth will require stronger professional skills, English and technical communication, project
management, cybersecurity practices, intellectual-property awareness and international quality
standards.

Finally, domestic innovation can generate intellectual property and reduce dependence on imported
solutions. The objective should not be technological isolation; rather, Pakistan should combine global
technology access with local adaptation and ownership where commercially viable.

8. Sectoral Opportunities: Agriculture, Healthcare and
Education
Agriculture is a high-impact application area because productivity is affected by water availability,
climate variability, input costs, pests, soil conditions and supply-chain inefficiencies. AI, satellite
imagery, IoT sensors and digital advisory systems can support precision agriculture, irrigation
management, crop monitoring and logistics. Adoption should begin with affordable, field-tested
solutions rather than expensive technology for its own sake.

Healthcare can benefit from AI-assisted diagnostics, telemedicine, digital health records and
decision-support systems. Such tools can help extend specialist knowledge to underserved areas, but
clinical safety, privacy, accountability and human oversight are essential. Technology should
complement—not automatically replace—qualified health professionals.

Education can use adaptive learning systems, AI tutoring, automated feedback and teacher-support
tools to personalise instruction and widen access. Pakistan’s large and diverse education system
makes low-cost, local-language and low-connectivity solutions especially important.

Biotechnology cuts across agriculture and healthcare. Better diagnostics, improved crops,
pharmaceuticals and climate-resilient biological solutions could produce long-term benefits if research
institutions, laboratories, regulation and industry linkages are strengthened.

9. Robotics, Industry and Smart Infrastructure
Robotics can improve productivity and worker safety in manufacturing, warehousing and industrial
inspection. Pakistan’s manufacturing base provides opportunities for practical automation, especially
in repetitive or hazardous tasks.
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Industrial IoT can enable predictive maintenance, energy monitoring and real-time production
analytics. For energy-intensive industries, even modest efficiency gains can improve competitiveness.
Smart infrastructure can similarly improve transport, water management, utilities and public-service
delivery.

A critical principle is that automation policy should include workforce transition. Reskilling, technician
training and human-machine collaboration can help workers move into higher-value roles instead of
treating automation solely as labour replacement.

Pilot projects should be evaluated against measurable indicators such as downtime, production
quality, energy consumption, service delivery time and operating cost. Successful pilots can then be
scaled.

10. Key Challenges and Capability Gaps
Digital divide: unequal access to affordable broadband, suitable devices, electricity and digital
services can leave households and regions outside the technology economy.

Skills gap: Pakistan needs more advanced expertise in AI, data science, robotics, cybersecurity, cloud
systems, semiconductor design and technology management. Basic digital literacy alone is insufficient
for frontier-technology competitiveness.

Compute and data constraints: modern AI requires access to computing resources, quality datasets,
data governance and scalable infrastructure. Limited or expensive access can restrict experimentation
and research.

Research-to-market gap: universities and research organisations may produce knowledge or
prototypes without strong pathways to patents, startups, industry contracts and commercial products.
Technology-transfer offices, competitive grants and industry partnerships can help close this gap.

Cybersecurity and privacy: increased digital dependence also increases exposure to cyberattacks,
data breaches and misuse of automated systems. Trustworthy adoption requires security-by-design,
privacy safeguards and clear accountability.

Financing and regulatory uncertainty: frontier technologies often involve high initial risk. Venture
capital, grants, procurement opportunities and predictable regulation can help firms move from
experimentation to scale.

Regional and institutional inequality: technology benefits can become concentrated in major urban
centres unless programmes deliberately address smaller cities, rural areas, public institutions and
underserved groups.

11. Policy and Governance
Pakistan’s National AI Policy provides a strategic basis for skills, innovation, adoption and governance.
The next challenge is implementation. Federal and provincial institutions, universities, research bodies
and industry need mechanisms for coordination, shared standards and measurable delivery.

Regulation should protect privacy, security, competition and public interest while remaining flexible
enough to permit experimentation. Overly rigid rules can slow innovation, while weak rules can
undermine public trust.

Public procurement can become a powerful innovation instrument. Government agencies are large
potential customers for digital solutions. Transparent procurement and pilot programmes can create
early markets for responsible local technologies while improving public services.
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Standards, testing, certification, data governance and responsible-AI practices can strengthen trust.
Pakistan should also engage with international standards and markets so that domestic firms can
export technology and services.

Policy should distinguish between technologies with different risk profiles. High-impact applications in
health, finance, public safety and sensitive government systems require stronger oversight than
low-risk productivity tools.

12. Strategic Recommendations
Invest in affordable, reliable broadband, cloud capacity, data centres, digital public infrastructure and
dependable power.

Build advanced skills through universities, technical and vocational education, industry certifications,
research labs, apprenticeships and reskilling programmes.

Strengthen research-to-market pathways through competitive grants, incubators, technology-transfer
offices, intellectual-property support and venture finance.

Create sector-specific frontier-technology programmes for agriculture, healthcare, education,
manufacturing, energy, logistics and government.

Expand access to computing and quality datasets for universities, startups and researchers through
shared infrastructure and responsible data-access mechanisms.

Strengthen cybersecurity, privacy, data governance and responsible-AI oversight.

Use public procurement and challenge funds to create markets for high-quality local technology
solutions.

Encourage international partnerships and technology transfer while building domestic engineering,
design and research capability.

Measure outcomes using technology adoption, productivity, digital-export growth, R&D; investment,
startup scale, skilled employment and regional inclusion.

13. Roadmap for Pakistan: 2026–2035
2026–2028 — Build foundations. Priorities should include connectivity, digital skills, data governance,
AI pilots, shared compute resources, cybersecurity and stronger research capacity. The emphasis
should be on practical adoption and institutional readiness.

2029–2031 — Scale adoption. Pakistan can expand sectoral AI and robotics programmes, deepen
industry–academia collaboration, increase technology exports and build stronger national platforms
and data infrastructure. Successful pilots from the first phase should be scaled based on evidence.

2032–2035 — Compete globally. The longer-term objective is to strengthen advanced R&D;,
indigenous platforms, semiconductor design and other high-value technology capabilities. Pakistan
should aim to become a producer and exporter of specialised technology, not merely a consumer.

Progress should be measured through a small set of indicators: digitally delivered exports, AI and
automation adoption, R&D; expenditure, number and quality of advanced-skilled workers, startup
scale, technology patents/products, productivity improvements and regional inclusion.

14. Conceptual Framework
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The paper proposes the following development pathway:

Technology Foundations → Skills & Research → Adoption & Innovation → Productivity &
Exports → Inclusive Economic Development

Strong infrastructure enables access to compute, data and digital platforms. Human capital and
research institutions convert technology into local knowledge and applications. Finance, regulation
and industry partnerships determine whether innovation reaches the market. Inclusion, cybersecurity
and responsible governance should remain cross-cutting requirements throughout the process.

This framework highlights an important point: technology itself is not the final development outcome.
The objective is productive capability. A country can import sophisticated software and equipment
without becoming technologically competitive if it lacks the skills and institutions needed to adapt,
maintain and improve those systems.

15. Discussion
Pakistan’s frontier-technology opportunity is best understood as a capability-building challenge. The
country does not need to compete immediately with the world’s largest AI laboratories or
semiconductor manufacturers. Its comparative opportunity is to apply frontier technologies to
domestic problems, build specialised human capital and create exportable services and products.

The digital-services base provides a useful starting point. Yet the next stage requires moving toward
higher-value work. This means developing stronger engineering depth, research capacity, product
management, cybersecurity and intellectual-property capability. Public policy can accelerate this
transition, but private firms and universities must also become central participants.

Sectoral application matters because productivity gains become visible when technology solves a
specific bottleneck. Precision agriculture, digital health, adaptive education, industrial monitoring and
public-service automation offer examples where local needs can guide technology development. Such
programmes can also create datasets, skills and business models that support broader innovation.

The risks are equally important. Unequal access could deepen regional and income disparities; poorly
governed AI could damage trust; cyber vulnerabilities could create systemic risks; and automation
without reskilling could increase labour-market disruption. Therefore, inclusion, security and human
oversight should be designed into technology programmes from the beginning.

Overall, Pakistan’s strategic objective should be to progress from technology consumption to
technology adoption, adaptation, creation and export. The sequence matters: foundations and skills
must be strengthened first, but the country should simultaneously pursue high-impact applications so
that investment produces visible returns.

16. Conclusion
Frontier technologies can become a major productivity and competitiveness lever for Pakistan. AI,
robotics, IoT, biotechnology, advanced computing and related technologies offer opportunities across
exports, industry, agriculture, healthcare, education and public administration.

The strongest near-term strategy is to adopt, adapt and apply global technologies to Pakistan’s local
economic and social needs. This approach is more realistic than attempting to replicate every layer of
frontier technology domestically. At the same time, adoption should be linked to a long-term effort to
build local skills, research, design, engineering and intellectual property.
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The country’s success will depend on infrastructure, human capital, research, innovation finance,
effective regulation, cybersecurity and inclusion. The 2026–2035 roadmap therefore moves from
foundations to scaled adoption and ultimately toward global competitiveness.

In practical terms, Pakistan should pursue a balanced technology strategy: build affordable digital
foundations; develop advanced skills; support research and startups; modernise priority sectors;
strengthen responsible governance; and connect domestic innovation with global markets. If these
elements reinforce one another, frontier technologies can help Pakistan move toward a more
productive, innovative and inclusive digital economy.
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