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Abstract

This article presents the findings and conclusions of research exploring the role of academia
in strategic trade controls (STC) and the nonproliferation framework in Latin America,
with a particular focus on Chile's regulatory and institutional gaps. While several countries
in the region such as Argentina, Brazil, and Mexico have developed robust export control
mechanisms and have already integrated academia into their nonproliferation strategies,
Chile remains behind in adopting comprehensive legislation and enforcement measures. The
research examined the vulnerabilities in Chile s higher education system, particularly in fields
related to dual-use technologies, where knowledge transfer risks are heightened.The findings
indicate that Chile lacks awareness and institutional coordination among government agencies,
private industry, and academic institutions, creating potential security risks in knowledge
dissemination. Additionally, barriers in visa policies, online learning vulnerabilities, and the
absence of STC compliance programs in universities further complicate Chile’s position in
global nonproliferation efforts. The study concludes that it would be in Chile s national security
interests to development trade control legislation, strengthen academic compliance programs,
and foster international collaboration. Immediate action in awareness-raising, policy reforms,
and security oversight is necessary to align Chile with global nonproliferation standards
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and mitigate risks associated with knowledge-based proliferation in higher education
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1. Introduction

In an increasingly interconnected world where scientific and technological advancements play
a crucial role in economic development, universities have become key players in innovation
and knowledge production. However, these same institutions also present potential risks in
the realm of nonproliferation and strategic trade controls (STC), particularly when it comes
to the dissemination of dual-use technologies. Many developed nations have incorporated
academia into their strategic trade control frameworks, ensuring that research institutions are
aware of the risks associated with sensitive technologies and knowledge transfers. However, in
Latin America, and particularly in Chile, academia remains largely disconnected from national
security concerns related to nonproliferation. This article argues that Chile must integrate
universities into its STC framework by strengthening awareness, policies, and collaboration
between academia and governmental agencies to mitigate proliferation risks effectively.

The study that serves as the basis for this article analyzes data covering 2018-2023 and explores
how Chile compares to its regional counterparts in nonproliferation efforts, examining gaps in
legislation, institutional structures, and academic involvement. Despite Chile’s commitment
to international nonproliferation agreements, the country has yet to establish comprehensive
trade control legislation, leaving universities and research centers vulnerable to unregulated
knowledge transfers. The lack of awareness and engagement in Chilean higher education
institutionsregarding nonproliferationissues poses asignificantchallenge, as dual-useresearch—
especially in fields like engineering, biotechnology, and nuclear sciences—can be exploited by
illicit actors or foreign entities with strategic interests. Without a structured approach, Chile
risks falling behind its regional counterparts in aligning with global nonproliferation norms,
which could affect its international credibility and economic opportunities.

To address these concerns, the article is structured as follows. First, it presents a literature
review that defines key concepts related to nonproliferation, strategic trade controls, and dual-
use technology while also discussing the role of international agreements in shaping national
policies. This section highlights the importance of balancing national security with academic
freedom and technological development. Second, the study provides a comparative analysis
of Chile’s status in nonproliferation concerning selected Latin American countries, such as
Argentina, Brazil, Mexico, and Panama, identifying regulatory and institutional differences that
impact national security policies. Third, it explores the relationship between nonproliferation
and knowledge development, assessing how Chilean universities currently engage with
security-related research, technology transfers, and international collaborations. The fourth
section presents empirical findings on academic programs, student demographics, and research
focus areas, identifying vulnerabilities and potential areas of concern within Chilean higher
education. Finally, the article concludes with policy recommendations, proposing strategies for
enhancing university participation in nonproliferation efforts and ensuring Chile’s integration
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into the global strategic trade control framework.

By shedding light on these issues, this research contributes to a broader understanding of how
universities can balance academic freedom with national security responsibilities. Strengthening
Chile’s approach to strategic trade controls in academia will not only improve compliance
with international security standards but also foster responsible innovation and sustainable
economic development.

2. Literature Review

The concept of Strategic Trade Control (STC) refers broadly to governmental measures
regulating the export, import, transit, and transshipment of items that may pose a risk to
national and international security. These include military goods and dual-use items—materials,
technologies, and knowledge that can serve both civilian and military purposes.' According to
United Nations Security Council resolution 1540 (2004), all UN Member States are required to
adopt and enforce effective controls to prevent the proliferation of weapons of mass destruction
(WMD) and their delivery systems, including through export and border controls.?

In Latin America, the implementation of STC regimes varies significantly and national definitions
do not always align with international standards. While countries such as Brazil, Argentina, and
Mexico have taken steps to comply with UNSCR 1540, their legal and institutional frameworks
tend to focus primarily on export control, often overlooking critical dimensions such as transit,
transshipment, and the regulation of intangible knowledge transfers. In Chile, the absence of a
comprehensive STC law has delayed alignment with global norms and left strategic areas such
as academia and knowledge dissemination largely unregulated.

To evaluate the maturity and inclusivity of STC frameworks in the region, this study compares
national approaches in Chile, Brazil, Argentina, and Mexico against the core obligations
established under UNSCR 1540. This comparative framework enables a clearer understanding
of regional strengths and weaknesses in integrating international commitments into domestic
policy.

2.1 Definitions

The term proliferation is defined by the Real Academia Espafola as the “action and effect of
multiplying abundantly,” while the Cambridge Dictionary describes it as “the fact of something
increasing a lot and suddenly in number or amount.” In this context, proliferation is not limited
to biological or numerical growth but extends to the uncontrolled dissemination of technologies,
knowledge, and especially weaponry.

Weapons, broadly defined, include any tool or device designed to inflict physical harm,

1 Ian J. Stewart, “The Contribution of Intangible Technology Controls in Controlling the Spread of Strategic
Technologies,” Strategic Trade Review, Issue 1, No. 1 (2015).

2 United Nations Security Council, Resolution 1540 (2004), S/IRES/1540, April 28, 2004, <https://undocs.
org/S/RES/1540(2004)>.
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damage, or death. These instruments are used in diverse contexts—warfare, law enforcement,
criminal activity—and provide tactical, material, or psychological advantage to their users.’
Consequently, the proliferation of weapons—both conventional and of mass destruction—
remains a key concern for national and global security.

Nonproliferation encompasses all efforts to prevent such dissemination, or to reverse it through
non-military means. These efforts target not only nuclear, chemical, and biological weapons
but also missiles and other conventional delivery systems. As Cirincione, Wolf, and Rajkumar
(2005) explain, effective nonproliferation involves a mix of legal, diplomatic, and economic
strategies.’

The production of dual-use technologies—items that can serve both civilian and military ends—
requires three key elements: materials, equipment, and knowledge.® These may be tangible
(e.g., lab instruments or chemicals) or intangible (e.g., expertise or consulting). Importantly,
the intangible components of weapons production are increasingly relevant. For example,
cyber-attacks illustrate how knowledge itself can serve as a weapon.”

The United Nations Office for Disarmament Affairs (UNODA) classifies WMD into nuclear,
radiological, biological, and chemical categories.® These distinctions are recognized in major
treaties such as the Nuclear Nonproliferation Treaty (NPT), the Chemical Weapons Convention
(CWC), and the Biological Weapons Convention (BWC). The mere possession or suspicion
of possession of these weapons can generate international distrust, impacting diplomatic and
economic relations.’

Controlling proliferation requires regulating not only the weapons themselves but also
their delivery mechanisms, ranging from briefcases to ballistic missiles.'” This complexity
underscores the need for comprehensive control regimes that address both physical and
intangible vectors of proliferation.

3 Meredith Sarkees and Rami Alhajji, The Dynamics of Military Revolution: Technological Change and the
Military Balance (Boulder, CO: Lynne Rienner Publishers, 2005).

4 Fred Kaplan, The Coming Anarchy: Shattering the Dreams of the Post Cold War (New York: Knopf, 2007).

5 Joseph Cirincione, Jon B. Wolfsthal, and Miriam Rajkumar, Deadly Arsenals: Nuclear, Biological, and
Chemical Threats (Washington, DC: Carnegie Endowment for International Peace, 2005).

6 Ian J. Stewart, “The Contribution of Intangible Technology Controls in Controlling the Spread of Strategic
Technologies,” Strategic Trade Review, Issue 1, No. 1 (2015).

7 Martin C. Libicki, Conquest in Cyberspace: National Security and Information Warfare (Cambridge:
Cambridge University Press, 2007).

8 United Nations Office for Disarmament Affairs, “Weapons of Mass Destruction,” <https://disarmament.
unoda.org/wmd/>.

9 Matthew Bunn, Preventing Nuclear Terrorism: Continuous Improvement in the Security of Nuclear
Materials (Vienna: International Atomic Energy Agency, 2009).

10 Erik Gartzke and Jon R. Lindsay, “The Political Economy of War: A Survey of Recent Research,” Annual
Review of Political Science No. 13 (2010), pp. 387-406.
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2.2 Control Regimes

19

The international nonproliferation regime rests on the premise that the spread of weapons of
mass destruction (WMD) exacerbates global security risks. As Hernandez notes, multiple legal
and institutional mechanisms have emerged to address these threats, which can be grouped into
four main categories:"!

1.

International Treaties — These include the Treaty on the Nonproliferation of Nuclear

Weapons (NPT, 1968), the Biological Weapons Convention (BWC, 1972), and the
Chemical Weapons Convention (CWC, 1997), which prohibit the development,

stockpiling, or use of WMDs. The Convention on the Physical Protection of Nuclear

Material (1987) and the Treaty of Tlatelolco (1967) further reinforce regional
commitments.'?

United Nations Resolutions — UN Security Council Resolution 1540 (2004) imposes
binding obligations on all UN member states to implement and enforce national controls
over WMDs, their means of delivery, and related materials, including dual-use goods."

Multilateral Export Control Agreements — These are voluntary arrangements among
states aimed at regulating transfers of military and dual-use technologies. Notable
examples include the Zangger Committee (1971), the Nuclear Suppliers Group (NSG,
1975), the Australia Group (1985), the Missile Technology Control Regime (MTCR,
1987), and the Wassenaar Arrangement (1996).'*

Other Initiatives — This category includes instruments that, while not formal regimes,
contribute significantly to global nonproliferation efforts. The Proliferation Security
Initiative (PSI) and the Global Initiative to Combat Nuclear Terrorism (GICNT) focus
on interdiction and joint action against illicit trafficking.'> Additionally, the Global
Partnership Against the Spread of Weapons and Materials of Mass Destruction, led
by the G7, includes both Chile and Mexico as members, reinforcing the region’s
commitment to global nonproliferation goals.

Although not a formal control regime, the European Union has played a crucial role in shaping
national export control systems through its harmonized regulatory frameworks. Several Latin

11

12

13

14

15

Camila Hernandez, “Control a las Exportaciones de Cibertecnologias: Un Analisis del Arreglo de
Wassenaar y Sus Implicancias para la Ciberseguridad,” Revista Chilena de Derecho Tecnologico, Vol. 7,
No. 1 (2018), pp. 61-78.

Scott D. Sagan and Kenneth N. Waltz, The Spread of Nuclear Weapons: A Debate Renewed, 2nd ed. (New
York: W. W. Norton, 2003).
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American countries, including Chile, have drawn upon EU models when designing legislative
proposals on strategic trade controls, particularly regarding risk assessment, industry outreach,
and inter-agency coordination mechanisms.

Collectively, these instruments and initiatives not only aim to curtail the spread of dangerous
technologies but also signal a strong international commitment to nonproliferation, creating a
dissuasive effect aainst illicit arms networks.

2.3 Intangible Transfers and Control Regimes

Despite progress in regulating tangible items, one domain remains particularly elusive:
knowledge. While control lists from groups like the Nuclear Suppliers Group (NSG), Australia
Group, and Wassenaar Arrangement effectively cover physical items and some technical data,
they struggle to capture the transfer of tacit knowledge, expertise, and training.'®

Knowledge in this context includes both explicit content—such as published research—and
tacit elements transmitted through hands-on experience, academic instruction, or research
collaboration. The global expansion of online education has further complicated oversight, as
students can now access sensitive material remotely, often with limited verification procedures.'’

As a dual-use asset, knowledge drives innovation but also carries the risk of misuse, such as
in the development of WMD. Just as physical components can be assembled into a WMD,
fragmented knowledge across academic domains can be strategically combined to achieve the
same goal.

3. Status of Chile in Nonproliferation Compared to Selected Latin American
Countries

The regulation of sensitive technologies and their dual-use applications is a critical component
of international security. Control lists established by global nonproliferation regimes serve as
reference points for states seeking to align with best practices in export controls. Compliance
with such frameworks is not only a matter of international commitment but also a legal
obligation under UNSCR 1540.

In this context, Chile has demonstrated interest in strengthening its participation in international
nonproliferation frameworks. In 2015, Chile applied to join the Wassenaar Arrangement and
the Nuclear Suppliers Group (NSQG), yet its accession remains pending due to the lack of an

16 Ikujiro Nonaka and Hirotaka Takeuchi, The Knowledge-Creating Company: How Japanese Companies
Create the Dynamics of Innovation (New York: Oxford University Press, 1995).

17 Organisation for Economic Co-operation and Development (OECD), The Future of Education and Skills:
Education 2030 (Paris: OECD Publishing, 2019), <https://www.oecd.org/education/2030-project/>.
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adequate strategic trade control (STC) law that meets international requirements.'® While Chile
recognizes that robust legislation can prevent the unauthorized re-export of dual-use materials
and mitigate proliferation risks, it has yet to implement a comprehensive national strategy in
line with these international agreements.

3.1 Legislative and Economic Perspectives

The adoption of a strong trade control regime would provide multiple benefits for Chile. From
a national security standpoint, it would enhance the country’s ability to monitor and regulate
the export of sensitive technologies, preventing their diversion for illicit purposes, including
weapons development or unauthorized military applications. From an economic perspective, an
improved STC framework would facilitate Chilean industries’ access to dual-use technologies,
fostering their development while ensuring compliance with global security norms. Moreover,
integrating Chile into multilateral nonproliferation agreements could boost foreign investment,
as multinational companies often prefer operating in jurisdictions with well-defined trade
controls to reduce legal and reputational risks."

Several key industries in Chile—particularly mining, chemical production, and technology
manufacturing—rely on sensitive materials and processes that are subject to international
export controls. Implementing a regulatory framework aligned with global nonproliferation
standards would not only increase industrial competitiveness but also streamline trade with
nations enforcing strict STC policies, such as the United States and members of the European
Union.”

To address these gaps, the Chilean Ministry of Foreign Affairs has spearheaded the drafting
of a Strategic Trade Control Bill, which aims to introduce national export controls for dual-
use goods and technologies. The bill proposes the creation of a Strategic Trade Commission,
an inter-ministerial body responsible for coordinating export controls, issuing licenses, and
ensuring compliance with international commitments.

The Strategic Trade Commission would be chaired by the Ministry of Foreign Affairs and
include representatives from the Ministries of Interior and Public Security, National Defense,
Treasury, Economy, Promotion and Tourism, Health, Energy, and Science, Technology,
Knowledge, and Innovation. Among its primary functions, the Commission would:

* Grant, deny, suspend, or revoke export licenses for dual-use goods

* Approve and update the National Control List, aligning it with the Wassenaar
Arrangement, the NSG, the Australia Group, and the Missile Technology Control Regime

18 Camila Hernandez, “Control a las Exportaciones de Cibertecnologias: Un Analisis del Arreglo de
Wassenaar y Sus Implicancias para la Ciberseguridad,” Revista Chilena de Derecho Tecnologico, Vol. 7,
No. 1 (2018), pp. 61-78.

19 Ian J. Stewart, “The Contribution of Intangible Technology Controls in Controlling the Spread of Strategic
Technologies,” Strategic Trade Review, Issue 1, No. 1 (2015).

20 Matthew Bunn, Preventing Nuclear Terrorism: Continuous Improvement in the Security of Nuclear
Materials (Vienna: International Atomic Energy Agency, 2009).
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(MTCR)

* Oversee compliance with Law No. 21,250, which governs the control of chemical and
biological agents, aligning Chile with the Chemical Weapons Convention (CWC) and
Biological Weapons Convention (BWC)

» Strengthen cooperation with international partners to prevent illicit trade and the misuse
of sensitive technologies.

Despite these advancements, as of 2024, the draft law remains under legislative review,
currently undergoing its second constitutional procedure (Segundo Tramite Constitucional)
in the Chilean National Congress. During this stage, key legal and technical opinions have
been requested from relevant institutions, including the Ministry of Economy, the Ministry of
National Defense, and the Supreme Court, all of which have provided formal input supporting
the bill. These consultations reflect a growing interministerial commitment to establishing a
robust STC framework in line with international obligations.

Additionally, efforts to raise awareness and engage with the private sector have intensified in
recent years. Chile has hosted multiple high-level events aimed at building industry awareness
and promoting voluntary compliance with strategic trade control measures. Notably:

* The Regional Conference for Latin America on Industry Outreach for the Implementation
of UNSCR 1540 (2004), held in Santiago on October 5-6, 2023, convened public
and private stakeholders under the Wiesbaden Process to exchange best practices for
implementing strategic trade controls.

* The National Workshop on the Financing of the Proliferation of Weapons of Mass
Destruction, held on May 14-16, 2024, further engaged both sectors in developing
mechanisms to address proliferation financing risks.

These initiatives indicate that, although the legal framework is still under development, Chile
is actively building institutional and industry readiness for its implementation. Public discourse
surrounding the legislative process has also contributed to raising awareness across sectors,
signaling a broader societal and economic recognition of the importance of STC regulation.
As Stewart notes, aligning with multilateral nonproliferation agreements not only enhances
national security but also improves the investment climate, as multinational firms favor
jurisdictions with clear trade compliance standards.?!

3.2 Comparative Analysis: Chile vs. Other Latin American Countries

Latin America’s approach to nonproliferation varies significantly across countries. To assess
Chile’s position in the region, this study examines the nonproliferation policies of Argentina,
Brazil, Mexico, and Panama. While these countries have taken steps to adopt strategic trade
controls (STC), their systems differ in terms of scope, institutional leadership, and degree of

21 Ian J. Stewart, “The Contribution of Intangible Technology Controls in Controlling the Spread of Strategic
Technologies,” Strategic Trade Review, Issue 1, No. 1 (2015).
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implementation.

Argentina is a member of the Nuclear Suppliers Group (NSG), the Wassenaar
Arrangement, the Australia Group, and the Missile Technology Control Regime
(MTCR). It has implemented domestic legislation and institutional frameworks
regulating dual-use goods, with enforcement agencies monitoring compliance.*

Brazil presents a unique case in the region. While it is not a member of the Wassenaar
Arrangement, it adheres to the NSG, MTCR, BWC, and CWC. Its Office for the
Coordination of Sensitive Materials, under the Ministry of Science, Technology and
Innovation, leads the national STC system through an industry-oriented approach. It
coordinates the PRONABENS (National Program for the Development of Sensitive
Goods), which promotes both export and import control, particularly of sensitive
biological materials. This institutional configuration contrasts with the defense or trade-
oriented models predominant in other countries, and illustrates Brazil’s integration of
STC into broader industrial development policies.”

Mexico joined key export control regimes between 2011 and 2013 and established a
Committee for Export Control to monitor and update control lists. It has integrated both
private sector and academic stakeholders into its nonproliferation strategy, fostering
awareness of STC obligations across industries.*

Panama, by contrast, is a more limited case. Its STC system is centered on the Secure
Trade and Transportation Committee, and it has formally adopted the European Union
control list as its national standard. However, Panama lacks a functioning licensing
mechanism and implementation of its STC regulations remains weak and inconsistent.
As such, it offers limited value as a comparative reference for comprehensive control
system design.”

Compared to these countries, Chile remains an outlier. The absence of an operational STC
framework, limited awareness among key sectors, and the lack of formal mechanisms for inter-
institutional and academic collaboration are at a disadvantage both in terms of national security
and international trade integration. Bridging this gap will require not only legislative reform
but also institutional capacity building and cross-sectoral engagement.

22

23

24

25

José Goldemberg, “Looking Back: Lessons from the Denuclearization of Brazil and Argentina,” Arms
Control Today (April 2006), <https://www.armscontrol.org/act/2006_04/LookingBack>.

Sergio de Queiroz Duarte, “Brazil and the Nonproliferation Regime: A Historical Perspective,” The
Nonproliferation Review, Vol. 23, No. 5-6 (2016), pp. 545-558.

Andrea Rodriguez, “Mexico’s Strategic Trade Control Framework and Its Role in Regional Security,”
Latin American Policy Journal, Vol. 14, No. 2 (2022), pp. 37-52.

Felipe Ramos, “Panama’s Export Control Challenges: Implementation and Enforcement Gaps,” Latin
American Policy Journal, Vol. 14, No. 2 (2022), pp. 53-67.

23



https://www.armscontrol.org/act/2006_04/LookingBack

24 Carolina Calvo Asencio

a. The Role of Academia and Industry in Strengthening Nonproliferation

One of the defining features of successful nonproliferation strategies in Latin America is the
integration of universities and private-sector stakeholders into STC frameworks. Countries like
Brazil and Mexico have established outreach programs that educate scientists, engineers, and
business leaders on the risks associated with dual-use technologies.?

For Chile to develop an effective STC system, it must strengthen collaboration between the
government, universities, and the private sector by implementing university-level training
programs on export controls, technology transfers, and nonproliferation obligations; encourage
research institutions to adopt internal compliance programs that prevent unauthorized
dissemination of sensitive technologies; and develop public-private partnerships that ensure
businesses are aware of their legal responsibilities in handling dual-use materials.

By incorporating these elements, Chile could modernize its approach to nonproliferation,
align with international best practices, and enhance its standing in global security frameworks.

4. Nonproliferation and Knowledge Development in Chile

The proliferation of sensitive technologies is not limited to tangible goods such as nuclear
materials, biological agents, or chemical precursors; it also extends to intangible knowledge,
which can be transferred through, for example, academic programs, research collaborations,
and international exchanges. The intersection between higher education and nonproliferation
is a critical but often overlooked component of Chile’s security framework. This section
examines the role of universities and research institutions in Chile concerning nonproliferation,
focusing on the risks associated with knowledge transfer, the attraction of foreign talent, and
international research collaborations.

This analysis is structured into three key areas:
1. Potential risks associated with undergraduate and postgraduate academic programs,
particularly in fields related to dual-use technologies (e.g., nuclear engineering,

biotechnology, chemical processing).

2. The attraction of foreign talent, exploring the challenges universities face in integrating
international researchers while ensuring compliance with nonproliferation commitments.

3. Research collaboration with foreign institutions, assessing how partnerships with
universities abroad can either enhance Chile’s technological development or pose risks

for proliferation-sensitive knowledge dissemination.

The geopolitical context of Chile, a long and narrow country with a vast northern desert

26 Matthew Kroenig, Exporting the Bomb: Technology Transfer and the Spread of Nuclear Weapons (Ithaca,
NY: Cornell University Press, 2010).
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region, presents unique migration challenges. The northern border is a frequent entry point for
undocumented individuals, raising concerns about unregulated academic access to sensitive
knowledge and training programs. While legal residency and work permits require up-to-
date documentation, second and third-generation immigrants can access university programs,
sometimes without adequate oversight regarding potential proliferation risks.

Another growing challenge is the digitalization of education, particularly in the post-pandemic
era. The expansion of online learning platforms has made higher education more accessible
but has also introduced risks associated with anonymous or unverified access to sensitive
technical courses. Many Chilean institutions lack the necessary mechanisms to monitor and
regulate online enrollment in fields related to nuclear technology, cybersecurity, and advanced
engineering, leaving potential vulnerabilities that malicious actors could exploit.

Thus, understanding how Chile’s higher education system is structured, how academic programs
are distributed, and how foreign students integrate into research and technical fields is essential
to identifying potential nonproliferation risks.

4.1. Awareness and Challenges in Chilean Higher Education

To assess the level of awareness of nonproliferation issues in Chilean universities, interviews
were conducted with academic administrators, research directors, and talent recruitment
officers. These conversations revealed a complex picture that combines institutional limitations,
structural gaps, and incipient mechanisms that, while not explicitly framed around strategic trade
controls (STC), can contribute to responsible research conduct aligned with nonproliferation
objectives.

The interviews revealed limited awareness of proliferation threats. While most university
administrators and faculty members are unfamiliar with the operational aspects of international
nonproliferation treaties—such as the obligations under UNSCR 1540—or with the specific
role of academia in preventing the transfer of sensitive knowledge, it is inaccurate to suggest a
complete absence of internal safeguards. However, in contrast to institutions in countries like
the United States or members of the European Union, which often have internal compliance
programs to screen research for dual-use risks, Chilean universities generally lack dedicated
procedures for monitoring or assessing security implications in scientific collaborations.

Chilean academic institutions are subject to national legislation and international treaties
to which Chile is a party and are expected to uphold ethical standards in research conduct.
While no national code of conduct explicitly links academia with nonproliferation compliance,
internal governance mechanisms such as research ethics committees, integrity protocols, and
biosafety guidelines help promote responsible scientific practice. For example, the Pontificia
Universidad Catdlica de Chile has established a Scientific Ethics Committees to evaluate
research involving human subjects and other sensitive domains. These committees operate
with institutional autonomy to ensure impartiality and contribute to broader efforts to prevent
the misuse of scientific knowledge.

Furthermore, many universities worldwide—including those in Chile—have adopted codes of
ethics and integrity frameworks that, even when not explicitly designed for nonproliferation,
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provide indirect oversight over research with potential dual-use applications. These institutional
instruments can serve as entry points for future STC-aligned measures in the academic sector.
The interviews also revealed perceived low risk of Chilean institutions being exploited for
proliferation purposes. Several university officials expressed the belief that Chile is unlikely to
be targeted by illicit procurement networks, suggesting that major technological powers such
as the United States or Europe face higher risks. This perception, however, may contribute to
institutional complacency. In reality, the absence of formal monitoring mechanisms makes
Chilean universities vulnerable, particularly in fields such as nuclear sciences, artificial
intelligence, biotechnology, and chemical engineering, where foreign students and researchers
may gain access to proliferation-sensitive knowledge.

In addition, Chilean institutions face challenges in monitoring student and faculty backgrounds.
The specific concern raised was the difficulty in verifying the backgrounds of researchers,
international students, and visiting scholars—especially those from regions with a history
of proliferation activity. Although Chilean visa processes include background checks, these
procedures are not specifically designed to detect or respond to nonproliferation risks.

These challenges reflect both structural limitations, such as the absence of national STC
regulations applicable to academia, and institutional inertia, which manifests in a lack of
coordination between universities, government agencies, and security institutions. Addressing
these gaps will require not only legislative change but also capacity building, the development
of awareness programs, and the integration of academic institutions into Chile’s broader
nonproliferation framework.

4.2. Structure of Higher Education in Chile

Chile’s higher education system is diverse, consisting of four primary types of institutions,
each with distinct roles and regulatory frameworks. Understanding this structure is essential for
identifying potential vulnerabilities in proliferation-sensitive fields.

4.2.1. Categories of Higher Education Institutions

1. Technical Training Centers (CFT - Centros de Formacion Técnica): These institutions
offer two- to three-year technical programs, focusing on practical skills rather than
advanced theoretical research. While CFTs are not traditionally associated with
proliferation risks, some industrial technology programs could involve sensitive
knowledge in metallurgy, chemical processing, or electronics.

2. Professional Institutes (IP - Institutos Profesionales): IPs provide three- to four-year
programs with a focus on professional training. While less research-intensive than
universities, some programs in engineering, biotechnology, and IT security may
introduce dual-use technology risks.

3. Universities: Chilean universities are the primary centers of research and advanced
knowledge dissemination. Universities are divided into two categories:

o Traditional Universities: Includes state-funded institutions and long-established
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private universities, such as Pontificia Universidad Catdlica and Universidad de
Chile. These universities engage in high-level research, including collaborations
with foreign entities.

o Private Universities: These institutions have expanded significantly in recent
decades, often specializing in specific areas of research and development. Some
lack the regulatory oversight that public universities implement.

4. Armed Forces Institutions: The Chilean Armed Forces manage specialized universities
that train personnel in defense technologies, engineering, and cybersecurity. While
these institutions operate under stricter security protocols, collaborations with civilian
institutions may create gaps in oversight.

Over time, Chile has seen a shift in student preferences away from traditional universities
toward technical and professional training centers, driven by accessibility, affordability, and job
market demands. However, research-intensive universities remain the focal point for scientific
and technological advancements, making them the primary area of concern for nonproliferation
risks.

4.3. Distribution of Academic Programs and Research Fields

Higher education institutions in Chile offer a wide range of academic programs, covering fields
such as:

» Engineering and Technology (Computer Science, Mechanical Engineering, Electronics)
» Natural Sciences (Biotechnology, Chemistry, Physics)

» Health and Biomedical Sciences

» Social Sciences and Law

« Agriculture and Environmental Sciences

While most fields of study pose no direct security threats, areas like nuclear engineering,
chemical processing, artificial intelligence, and cybersecurity can have dual-use applications,
requiring stronger oversight.

The increasing prevalence of online and hybrid courses has also led to unregulated access to
technical knowledge. Many universities lack robust mechanisms to monitor who enrolls in
their programs or what sensitive research topics they pursue.

4.4. The Risk of Knowledge-Based Proliferation
Knowledge-based proliferation refers to the risk that students, researchers, or faculty members
may intentionally or unintentionally transfer sensitive knowledge to unauthorized entities or

foreign actors. This risk is amplified in Chile due to the following factors:

» Lack of awareness: Most universities do not train faculty or students on nonproliferation
responsibilities.
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» International collaboration gaps: While Chilean universities engage in international
research, they do not systematically assess security risks in collaborative projects.

* Online learning vulnerabilities: Universities do not screen foreign students enrolling in
online STEM programs, increasing the risk of undetected knowledge transfer.

5. Study Results
5.1 Undergraduate Level

Between 2019 and 2020, undergraduate enrollment in Chile experienced a notable decline of
4%, reaching its lowest point in the given period (2018 — 2023). This drop can be attributed
to the combined effects of social unrest in 2019 and the disruptions caused by the COVID-19
pandemic in 2020, which significantly impacted university operations and student mobility.
However, from 2021 onwards, enrollment rebounded, demonstrating a steady annual growth
rate of approximately 3% through 2023 (see Figure 1). This recovery highlights the resilience
of Chile’s higher education system and the increasing demand for academic programs despite
previous challenges.

With Chile’s total population estimated at 20 million inhabitants, the number of undergraduate
students in 2023 accounts for approximately 6% of the national population. This figure
reflects the high accessibility of higher education, supported by a diverse range of academic
institutions and flexible learning modalities, including in-person, hybrid, and fully online
programs. Notably, foreign students make up around 2.5% of total enrollment, indicating that
Chile remains an attractive destination for international students. This proportion underscores
the favorable conditions for foreign applicants, including affordable tuition, regional academic
partnerships, and opportunities for professional development, which contribute to Chile’s
growing reputation as a regional hub for higher education.

Figure 1: Evolution of national and foreign undergraduate students 2018 — 2023
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When analyzing the distribution of students across different types of higher education
institutions in Chile, universities emerge as the dominant choice, accounting for over 50% of
total enrollments. This preference highlights the strong academic and professional appeal of
university degrees, which offer comprehensive curricula, research opportunities, and greater
career prospects compared to other higher education pathways.

Chile’s university system consists of two main categories: 30 public and private traditional
universities affiliated with the Council of Rectors (CRUCH); and 28 independent private
universities, according to data from the Ministry of Education. CRUCH universities generally
receive state funding and uphold long-standing academic traditions, making them a popular
choice among students seeking highly regarded degrees and research-driven programs.
Meanwhile, private universities have expanded significantly in recent years, offering diverse
academic programs, flexible study formats, and specialized training in emerging fields. This
institutional diversity contributes to the broad accessibility and competitiveness of Chile’s
higher education sector.?’

Table 1: Total undergraduate students by type of institution 2018 — 2023

ITlfsliietzfion 2018 | 2019 | 2020 | 2021 2022 2023
University 57,0% | 56,3% | 57,4% | 57,1% | 56,2% | 55,7%
LP. 31,3% | 32,0% | 31,3% | 31,6% | 32,6% | 33,3%
CET 11,4% | 11,3% | 11,1% | 11,1% | 10,9% | 10,8%
FFAA. 0,3% | 04% | 02% | 02% 0,3%| 02%

Among foreign students, professional institutes and technical training centers are the most
preferred options, reflecting a strong demand for practical, career-oriented education. These
institutions primarily focus on technical and vocational training, offering programs that
emphasize hands-on skills and industry-specific expertise. Unlike universities, admission
to these centers does not require standardized selection tests, making them more accessible
to international applicants who may face challenges navigating Chile’s university entrance
system. Instead, enrollment is based on a direct registration process, allowing foreign students
to integrate more easily into short-term, skill-based programs that enhance their employability
in fields such as engineering, IT, healthcare, and business administration. Notably, Chilean
regulations allow for academic mobility between institutions, enabling students from technical
and professional institutes to transfer to universities, provided they meet the academic
requirements and credit validation criteria set by the receiving institution.?

27 Ministerio de Education de Chile, “Donde Estudiar?” <https://educacionsuperior.mineduc.cl/donde-
estudiar/>.

28 Ministerio de Educacion de Chile, “Movilidad Estudiantil en la Educacion Superior Chilena: Normativa y
Orientaciones,” Division de Educacion Superior, 2023,<https://www.mineduc.cl>.
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Table 2: % foreign undergraduate students over total students by type of institution 2018

~2023
ITlfgietl‘:fion 2018 | 2019 | 2020 | 2021 2022 | 2023
LP. 14% | 1,6% | 1,7% | 2,1% | 32% | 3,5%
CFT. 14% | 1,8% | 2,0% | 2,1% | 2,3% | 2,7%
University 1,0% | 1,1% | L,1% | 12% | 13% | 1,4%
FFAA. 02% | 0,7% | 0,1% | 14% | 04% | 0,6%

Although foreign students make up less than 5% of total enrollment in over 90% of academic
programs, certain fields are experiencing a notable concentration of international students, with
nearly 8% of foreign enrollment focused on key disciplines such as engineering, computing, and
security. This trend highlights the growing global interest in these technical and high-demand
sectors, which are also strategically significant due to their potential dual-use applications in
areas related to nonproliferation concerns. As shown in Table 3, the increasing presence of
foreign students in these fields underscores Chile’s role as an emerging hub for specialized
education in science and technology, while also emphasizing the need for strengthened oversight
and knowledge security measures within these sensitive academic disciplines.

Table 3: % foreign undergraduate students over total students by university degree 2018

-2023
University degree 2018 | 2019 | 2020 | 2021 | 2022 2023
Engineering in Metallurgy 32% | 3,4% | 48% | 58% | 6,9% 9,3%
Computer Programmer Technician 0,7% | 1,6% | 1,3% | 2,8% | 5,4% 6,2%
Security Technician 0,0% | 0,0% | 0,7% | 1,9% | 0,0% 6,0%
Mining Engineering 3,3% | 3,3% | 3,4% | 42% | 5,1% 5,4%

Computer Systems Analysis 20% | 27% | 32% | 3.5% | 4.2% 4,5%

Technician
Electronic Engineering and similar 2,7% | 2,9% | 2,.8% | 3,2% | 3,9% 4,2%
Mining Technician and similar 1,7% | 2,1% | 1,7% | 1,7% | 2,6% 3,9%

Computer Engineering and

: L. 2,0% | 2,5% | 24% | 2,7% | 3,6% 3,8%
Informatics and similar

Chile’s unique geographical layout, characterized by its long and narrow shape, influences
the movement and distribution of foreign students within the country. Bordered by Peru to
the north and Bolivia and Argentina to the east, Chile serves as a strategic entry point for
international students, primarily through two main routes: air travel to the capital, Santiago,
and land crossings from the northern borders. These entry points play a crucial role in shaping
the regional distribution of foreign student populations.
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An analysis of student enrollment patterns reveals that the highest concentration of students—
both national and foreign—is in the Metropolitan Region, home to Santiago, Chile’s economic,
cultural, and academic hub. Additionally, significant student populations are found in the
surrounding regions of Valparaiso, Biobio, and Maule, which host well-established universities
and technical institutions. These regions benefit from proximity to the capital, strong academic
infrastructure, and diverse program offerings, making them attractive destinations for both
local and international students seeking higher education opportunities in Chile.

Table 4: % of total undergraduate students by region 2018 - 2023

Region 2018 | 2019 | 2020 | 2021 2022 | 2023
Region Metropolitana 46,7% | 47,2% | 46,9% | 47,9% | 49,4% | 49,8%
Region de Valparaiso 11,0% | 11,0% | 11,0% | 10,8% | 10,4% | 10,0%
Region del Bio-Bio 10,9% | 10,5% @ 10,4% | 10,2% | 10,1% | 9,9%
Region del Maule 46% | 4,7% | 49% | 48% | 4,7%  4,7%
Region de La Araucania 48% | 4,7% | 48% | 4,7% | 4,5% | 4,5%
Region de Coquimbo 37% | 3,7% | 3,7% | 3,7% | 3,6% | 3,6%
Region de Los Lagos 3,6% | 3,6% | 3,6%| 3,4% | 3.4% | 3,4%
Region de Antofagasta 34% | 33% | 33% | 32% | 3,1%  3,0%
lé?flii‘;’gnggs Gral. B. 24% | 24% | 24%  22% | 22% | 2%
Regidén de los Rios 2,1% | 2,1% | 22% | 22%| 22% | 2,2%
Region de Nuble 2,0% | 19%| 19% | 1,8%  1,8% | 1,8%
Region de Tarapaca 1,6% 1,6% | 1,6% 1,6% 1,5% 1,5%
gﬁ;‘;’lﬁimca y 14% | 14% | 15%| 14% | 14% | 14%
Region de Atacama ,0% | 1,1% | 1,0% | 1,0% | 1,0% | 1,0%
Region de Magallanes 0,7% | 0,6%  0,6% | 0,6%  0,6% 0,6%
Region de Aysén 0,2% | 02% | 02% | 02% | 02%  0,2%

However, a closer examination of the geographical distribution of foreign students reveals
a distinct pattern. While the Metropolitan Region and Valparaiso—both located in central
Chile—remain the primary academic hubs, a significant concentration of foreign students is
also observed in the northern regions of Antofagasta, Tarapaca, and Arica y Parinacota. These
regions, situated at the extreme north of the country, serve as key entry points for migrants and
international students arriving via land routes, particularly from neighboring Peru and Bolivia.
This distribution reflects the broader migration dynamics in Chile, where the northern border
acts as a major gateway for foreign nationals seeking educational and economic opportunities.
The presence of universities and technical institutions in these regions, coupled with their
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proximity to entry points, has made them increasingly attractive to international students. This
trend underscores the importance of regional academic centers in integrating foreign students
into Chile’s higher education system while also raising the need for enhanced oversight of
knowledge transfer and potential security considerations in sensitive fields.

Table S: % of undergraduate foreign students over total students by region 2018 - 2023

Region 2018 | 2019 | 2020 | 2021 | 2022 2023
Region Metropolitana 24.0% | 27,7% | 27.2% | 32,2% | 43,4% | 49,1%
Region de Antofagasta 29% | 32%  3,6% | 45% | 6,4%  8,1%
Region de Valparaiso 1,3% 1,5% | 1,8% | 23% | 2,4% | 3,5%
Region de Tarapaca 20% | 23% | 27% | 3,0%| 3,6% | 3,5%
pegion de Aricay 12% | 15%  L6% | 17% | 1.8%  2,0%
Region del Bio-Bio 0,7% | 0,6% | 0,7% | 12% | 12%  1,6%
Region de Coquimbo 0,5% | 0,6% | 0.8% | 1,0% | 1,2%  1,4%
Ié?fliiz ‘;i(fsl Gral. B. 04% | 03%  04%  06% | 1.0%| 1,3%
Region del Maule 0,3% | 05% | 0,7% | 0,7% | 1,6% 0,9%
Region de Atacama 0,3% | 04% | 04% | 0,7% | 0,6% | 0,8%
Region de Los Lagos 0,2% | 02% | 04% | 04% | 0,6% | 0,7%
Region de Nuble 04%  04% /| 0,5% | 0,6% | 0,5%  0,6%
Region de La Araucania 0,2% | 0,3% | 03% | 03% | 04% | 0,4%
Region de los Rios 0,1% | 02% | 04% | 02% | 02%  0,3%
Region de Magallanes 0,1% | 0,1% | 0,1% | 0,1% | 0,3%  0,2%
Region de Aysén 0,0% | 0,0% | 0,1% | 0,0% | 0,1%  0,1%

When analyzing students’ preferred study schedules, it becomes evident that the majority are
enrolled in daytime programs. This trend is primarily driven by national students, who typically
transition directly from secondary education to higher education and follow a traditional
academic schedule.

However, in recent years, there has been a notable shift toward online and flexible learning
formats, classified under the category of “other” study modes. The growing preference for online
education can be attributed to several factors, including greater accessibility, the need for work-
study balance, and the expansion of digital learning platforms—a trend that has accelerated
significantly in the post-pandemic era. This shift reflects the increasing demand for alternative
study options that cater to non-traditional students, working professionals, and international
learners, positioning Chile’s higher education system as more adaptable and inclusive.
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Table 6: % of total students by hours in which the undergraduate courses are taught 2018
-2023

Hour 2018 | 2019 2020 | 2021 2022 | 2023
Daytime | 72,1% | 72,6% | 73,7% | 72,5% | 70,9% | 70,6%

Evening | 24,1% | 22,8% | 21,1% | 20,2% | 18,9% | 17,5%
Other 38% | 4,6% | 53% | 7,3% 10,2% | 12,0%

When analyzing the study preferences of foreign enrollees, a notable inversion of trends emerges
compared to their Chilean counterparts. Unlike domestic students, over 80% of international
students opt for evening and online programs, with significantly fewer choosing traditional
daytime courses.

This preference is largely driven by practical and economic factors, as many foreign students
balance their studies with employment opportunities to support themselves while residing
in Chile. The flexibility of evening and online programs allows them to pursue higher
education while maintaining work commitments, making these formats more accessible
and accommodating to their unique circumstances. Additionally, the increasing availability
of virtual learning options has further facilitated the participation of international students,
enabling them to engage in academic programs remotely or with minimal disruption to their
work schedules.

Table 7: % of foreign students over total students by hours in which the undergraduate
courses are taught 2018 - 2023

Hour 2018 | 2019 | 2020 @ 2021 | 2022 | 2023
Evening | 2,0% | 2,5% | 2,7% | 3,0% | 4,1% | 4,5%

Other 0,6% | 0,9% | 0,9% | 1,1% | 2,0% | 2,5%
Daytime | 0,9% | 1,0% | 1,1% | 1,2% | 1,5% | 1,6%

Finally, when examining students’ academic preferences across different fields of study,
we observe a balanced distribution between scientific and technical disciplines—such as
Technology, Health, Administration, and Commerce—and humanistic fields, including Social
Sciences, Education, and Law. This diversity highlights the broad spectrum of academic
interests among students and reflects the multidisciplinary nature of Chile’s higher education
system.

The strong presence of both scientific and humanities-focused programs suggests that
students are not only pursuing career-oriented technical education but also engaging in fields
that emphasize critical thinking, policy development, and societal impact. This balance
contributes to a well-rounded academic landscape, ensuring that graduates are equipped with
both specialized expertise and broader analytical skills, which are essential for addressing the
evolving challenges of the modern workforce.
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Table 8: % of total students by undergraduate knowledge area 2018 - 2023

Knowledge area 2018 | 2019 | 2020 | 2021 | 2022 2023
Technology 27,5% | 27,3% | 26,9% | 26,8% | 27,3% 28.,4%
Health 19,2% | 19,0% | 19,6% | 20,4% | 20,3% 20,2%
Administration and Commerce 20,0% | 20,0% | 19,7% | 19,2% | 18,9% 18,2%
Social Sciences 79% | 82% | 86% | 9,0% | 9.2% 9,1%
Education 11,7% | 11,5% | 11,0% | 10,1% | 9,4% 9,1%
Art and Architecture 44% | 4,6% | 4,6% | 4,6% | 4.8% 5,0%
Law 3,600 | 3,7% | 3,9% | 4,1% | 4,1% 4,1%

Agriculture, Forestry, Fisheries 27% | 2.8% | 3.0% | 32% | 3.3% 3.4%

and Veterinary
Sciences 1,4% | 1,4% | 1,5% | 1,6% | 1,5% 1,5%
Humanities L1% | 1,1%| 1,0% | 1,0% | 0,9% 0,9%

Armed Forces, Order and Security 0,3% | 04% | 02% | 02% | 0,3% 0,2%

When analyzing the academic preferences of foreign students specifically, there is variation
in their choices; however, no definitive trend emerges that can be directly linked to a specific
phenomenon or external factor. Unlike national students, whose selections often align with
job market demands and local industry needs, foreign students demonstrate a more diverse
distribution across disciplines.

This lack of a clear pattern suggests that multiple influences—such as individual career
aspirations, home-country education systems, and available scholarship opportunities—
may be shaping their decisions. Additionally, factors like institutional reputation, language
accessibility, and program flexibility could play a role in the academic pathways chosen by
international students, making their enrollment trends more dispersed and less predictable
compared to their Chilean counterparts.

Table 9: % of foreign students over the total by undergraduate knowledge area 2018 -

2023
Knowledge area 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Administration and Commerce 1,9% | 2,2% | 2,3% | 2,5% | 3,2% | 3,5%
Technology 1,3% | 1,5% | 1,7% | 1,9% | 2,4% | 2,7%
Art and Architecture 1.2% | 1,3% | 1,4% | 1,5% | 1,9% | 2,1%
Health 0,9% | 1,0% @ 1,0% | 1,3% | 1,7% | 1,9%
Humanities 1,7% | 2,1% | 1,8% | 1,8% | 1,7% | 1,6%
Sciences 0,9% | 0,9% @ 1,1% | 1,1% | 1,3% | 1,4%
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Social Sciences 0,8% | 0,9% | 0,9% | 1,0%  1,2% | 1,3%
Law 0,6% | 0,7% | 0,.8% | 0,.9% | 1,1% | 1,1%
Education 0,5% | 0,5% | 0,6% | 0,7% | 1,0% | 1,1%
Agrlgulmre, Forestry, Fisheries and 0.5% | 0.6% | 0.7%  0.7% | 0.8%  0.9%
Veterinary

Armed Forces, Order and Security 0,2% | 0,7% | 0,1% | 1,4% | 0,4% | 0,6%

From this analysis, it can be concluded that foreign undergraduate students are:

* Predominantly concentrated in Professional Institutes and Technical Training Centers,
particularly in the northern regions of Chile whose practical, career-oriented programs
align with the needs of international.

* Evening and online study modalities are the preferred formats among foreign students,
reflecting their need for greater flexibility, often to accommodate work commitments
alongside their studies.

* Science-related disciplines—including engineering, technology, and applied
sciences—stand out as the most pursued fields, further reinforcing the importance of
STEM education within Chile’s international student population.

5.2 Postgraduate Level

The number of national students enrolling in postgraduate studies has shown a consistent upward
trend across all observed periods, reflecting a growing demand for advanced qualifications in an
increasingly competitive job market. Employers are placing greater emphasis on specialization
and higher education credentials, prompting professionals to pursue postgraduate degrees
to enhance their career prospects. Additionally, the expansion of postgraduate offerings,
particularly in short-term programs such as Diplomas, has made specialized education more
accessible, further fueling this growth.

However, this rising trend is not mirrored among foreign students, whose enrollment numbers
have remained relatively stable, fluctuating between 5,000 and 6,000 students. A notable decline
occurred between 2021 and 2022, with a sharp drop of approximately 18%, suggesting that
external factors such as global mobility restrictions, economic uncertainties, or policy changes
may have impacted international postgraduate enrollment. This contrast between domestic and
international trends highlights the need for further analysis into the factors influencing foreign
students’ decisions and the potential implications for Chile’s higher education system.
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Figure 2: Evolution of national and foreign postgraduate students 2018 - 2022
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The decline in foreign student enrollment in 2022 can be largely attributed to a significant
20% decrease in postgraduate program registrations, as illustrated in the following table. This
abrupt drop raises important questions regarding the underlying causes, which may be linked to
multiple factors such as global economic constraints, changes in immigration policies, reduced
scholarship opportunities, or lingering effects of the COVID-19 pandemic on international
mobility.

Table 10: Total of foreign students for each type of postgraduate program 2018 - 2022

IT,Z(I)’;‘:;H 2018 | 2019 2020 2021 | 2022
Diploma 245 246 571 959 947
Postgraduate 3.999 | 5242 | 4714 | 5417 4.282
Total 4244 | 5488 5285 6376 5.229

When analyzing the preferred schedules for postgraduate programs, it becomes evident that
the majority of courses are taken during daytime hours, in contrast to the trends observed in
undergraduate education, where evening and online modalities have a stronger presence. This
distinction is likely influenced by the academic and research-intensive nature of postgraduate
studies, which often require laboratory work, faculty supervision, and in-person collaboration.

Additionally, many postgraduate students are engaged in full-time research, thesis development,
or academic assistantships, making daytime study schedules more practical and accessible.
Unlike undergraduates, who may prioritize flexible study options to balance work and
education, postgraduate students are typically more immersed in specialized academic training,
necessitating greater availability for structured coursework and faculty interaction.
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Table 11: % of foreign students over total students by hours in which the postgraduate
courses are taught 2018 - 2022

Hour 2018 | 2019 | 2020 | 2021 2022
Daytime 81% | 9,7% | 9,0% | 9,2% | 8,2%

Evening 52% | 5.8% | 5,5% | 5,7% | 5,2%
Other 4,7% | 6,8% | 53% | 7,1% | 3,7%

The areas of knowledge also differ in this case, concentrating mainly on science.

Table 12: % of foreign students over total students by postgraduate knowledge area 2018

-2023

Knowledge area 2018 | 2019 | 2020 | 2021 | 2022
Agrigulture, Forestry, Fisheries and 162% | 13.8% | 15.9% | 17.3% | 16.7%
Veterinary

Sciences 13,2% | 16,3% | 17,6% | 17,5% | 16,3%
Technology 9,3% 12,7% | 12,0% | 11,1% | 9,2%
Health 5,6% | 6,0% | 7,1% |93% | 7,8%
Humanities 48% 65% |7,0% |7,7% | 6,6%
Administration and Commerce 82% [97% |73% |8,8% |52%
Social Sciences 5,0% |4,9% |55% |[52% |4,9%
Art and Architecture 93% 192% |74% |5,6% |4,6%
Law 3,00 |3,3% |[3,0% |2,7% | 2,7%
Education 2,6% |53% 129% |34% | 1,7%
Armed Forces, Order and Security 15,0% | 17,6% | 10,0% | 0,0% | 0,0%

Finally, the highest concentration of foreign students continues to be in the northern regions
of Chile, with the exception of Nuble and Valparaiso. The regions of Arica y Parinacota,
Antofagasta, Tarapaca, and Coquimbo collectively account for over 45% of total foreign student
enrollment, highlighting their role as key academic destinations for international learners.

Table 13: % of graduate foreign postgraduate students over total students by region 2018

-2023
Region 2018 | 2019 | 2020 | 2021 | 2022
Region de Nuble 11,0% | 16,4% | 10,5% | 14,9% | 23,7%

Region de Arica vy
Parinacota

72% | 7,8% | 7,9% | 10,0% | 17,9%
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Region de Antofagasta 9,0% | 8,0% 10,6% | 14,3% | 11,2%
Region de Valparaiso 5,9% | 11,6% | 12,7% | 12,2% | 11,0%
Region de Tarapaca 37,0% | 56,0% | 45,7% | 46,9% | 9,0%
Region de Coquimbo 6,9% | 6,6% | 85% | 81% | 8,8%
Region de los Rios 112% | 9,0% | 75% | 7.4% | 7,2%
Region del Bio-Bio 6,8% | 7,0% | 59% | 63% 7,1%
Region Metropolitana 6,2% | 7,5% | 64% | 74% | 5,6%
Region de Los Lagos 1,4% | 2,4% 1,9% | 2,0% 1,4%
Region de La Araucania 0,8% | 0,7%  0,6% | 09% | 1,1%
Region del Maule 49% | 0,6% | 7,7% | 6,6% | 0,2%
Region de Atacama 0,0% | 0,0%  0,0% /| 0,0% | 0,0%
Region de Magallanes 30,8% | 11,8% | 11,3% | 0,0% | 0,0%

The data suggests that the highest concentration of foreign postgraduate students in Chile is
primarily enrolled in daytime programs, particularly in the northern regions of the country.
Additionally, a significant proportion of these students are pursuing science-related disciplines,
including in biological, chemical, and technological fields.

From a nonproliferation perspective, this finding is particularly relevant as it highlights the
specific locations, formats, and academic pathways that have evolved over time. Proliferators
seeking advanced scientific knowledge may be more inclined to pursue postgraduate studies
due to the depth of expertise offered in these programs. Moreover, fields such as biotechnology,
chemical engineering, and nuclear sciences are directly linked to dual-use technologies, which
can be exploited for the development of weapons of mass destruction (WMD) and other national
and international security threats.

Furthermore, the presence of postgraduate programs in biotechnology, life sciences, and
chemistry—especially those with access to laboratory infrastructure—may intersect with the
list of controlled biological agents, toxins, and equipment defined by the Australia Group.
Chile’s Supplementary Regulation of Law No. 21.250 (2023) establishes a developer licensing
system for entities working with these materials, offering a national compliance tool aligned
with the Biological and Chemical Weapons Conventions. Universities engaging in advanced
scientific research could benefit from aligning their internal procedures with this regulation to
ensure secure and transparent handling of dual-use knowledge.

Another critical consideration is the method of entry into the country. Individuals with illicit
intentions may seek alternative or undocumented routes to avoid scrutiny, making it more
difficult to track their movements and activities once enrolled in academic programs.

Given these risks, the Chilean government and academic institutions must urgently enhance
oversight mechanisms in postgraduate education—particularly in STEM fields and northern
regions—to prevent knowledge-based proliferation and strengthen national security. This
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is a pivotal step in aligning the higher education system with international nonproliferation
standards.

This does not, under any circumstances, suggest the prohibition or restriction of access to
higher education for either Chilean or international students, nor does it imply limiting research
and development in northern regions or scientific disciplines. Instead, the goal is to ensure
that higher education institutions implement appropriate monitoring mechanisms, maintaining
comprehensive records of individuals participating in sensitive programs. This would enable
institutions to identify and address potential risks proactively, raising alerts when necessary to
safeguard the security and responsible use of advanced scientific knowledge.

5. Discussion and Conclusions

Challenges in Attracting Foreign Talent

While Chile rightly values the contribution of international talent to its academic and research
ecosystem, the integration of foreign students and researchers also requires appropriate
safeguards to ensure alignment with national security objectives. Tools such as the visa
application process—when complemented by targeted assessments of applicants’ academic
trajectories, institutional affiliations, and fields of expertise—can help identify potential risks
without deterring legitimate talent. Additionally, publicly available sources such as academic
publications and patent databases can support institutions in verifying applicants’ credentials and
professional backgrounds, thereby promoting both openness and responsibility in knowledge
exchange.

Research Priorities and the Need for Expansion

Currently, research topics in Chilean universities tend to be relatively broad and not necessarily
tied to national security concerns, including nonproliferation issues. Research agendas
are primarily determined at the departmental level, often following existing investigative
trajectories. New areas of study are typically introduced only when driven by institutional
authorities or in response to emerging academic trends, rather than being strategically aligned
with Chile’s national security and nonproliferation objectives. While there are occasional
proposals from academic professionals to explore new fields, these initiatives must pass
departmental evaluations before being approved.

Given the growing global emphasis on nonproliferation and export controls, it is crucial for
Chilean institutions to integrate security-related research topics into their academic priorities.
Expanding research efforts in identifying dual-use technologies, supply chain security, and
knowledge transfer risks will be essential in aligning Chilean academia with international best
practices in strategic trade controls.

Protecting Research and Intellectual Property from Misuse

A key takeaway from this study is the importance of safeguarding research and innovation from
misuse by illicit actors. Universities and research centers must not only prioritize knowledge
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production but also implement measures to protect sensitive research outcomes from falling
into the wrong hands. Faculty members and university officials interviewed for this study
expressed general support for addressing proliferation risks, yet many institutions lack the
mechanisms to detect or prevent potential threats related to knowledge transfer in critical fields.

To mitigate these risks, universities should:

* Establish internal compliance programs to monitor research in fields with potential
dual-use applications.

* Implement training sessions for faculty and researchers on export controls and
knowledge security.

* Enhance collaboration with government agencies and private industry to develop a
national framework for secure research practices.

e Strengthen student and faculty screening processes, ensuring that those involved in
sensitive research adhere to ethical and security standards.

Chile’s implementation of Law No. 21.250 and its supplementary regulation provides a legal
foundation to operationalize academic compliance with the Biological and Chemical Weapons
Conventions. Universities could be incorporated into the national oversight ecosystem through
developer licensing, coordination with the National Authority, and alignment of research project
review processes with international control lists such as those of the Australia Group. This
integration would allow institutions to mitigate proliferation risks while fostering responsible
scientific advancement.

Gaps in Chile'’s Nonproliferation Efforts

The study also highlights Chile’s lag behind its regional neighbors in terms of export controls,
private sector involvement, and academic engagement in nonproliferation initiatives. Countries
like Argentina, Brazil, and Mexico have established strategic trade control policies that
integrate government agencies, academia, and industry stakeholders to ensure compliance with
international security commitments.

Chile, by contrast, remains largely unaware of the risks posed by proliferation activities,
particularly in scientific research and technology transfer. The absence of structured engagement
between the government, private sector, and academia leaves gaps in regulatory enforcement
and oversight, making Chile a potential weak link in nonproliferation efforts in Latin America.
The lack of awareness among Chilean institutions not only increases national security
vulnerabilities but also creates opportunities for illicit actors to exploit gaps in regulation.
Without proper export control policies, academic oversight, and government coordination,
Chile risks becoming a transit hub for proliferation activities, particularly in the transfer of
dual-use knowledge and technologies.
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The Path Forward: Strengthening Chile’s Security Framework

To bridge this gap and align with international nonproliferation standards, Chile must take a
proactive approach by:

» Developing and implementing a comprehensive trade control law to regulate dual-use
goods, technologies, and knowledge transfers.

» Enhancing collaboration among the government, universities, and the private sector to
build a coordinated strategy for export controls and nonproliferation.

» Integrating nonproliferation studies into university curricula, ensuring that students,
researchers, and faculty are educated on knowledge security risks.

» Encouraging research on national security and nonproliferation topics, facilitating
Chile’s involvement in international security discussions.

While legislative processes often take several years to be fully implemented, short-term
solutions can be achieved through specialized programs led by key ministries such as the
Ministry of Economy, Ministry of Science, and Ministry of Energy. These programs could
engage academia and industry leaders, fostering an early-stage regulatory framework before
official laws take effect.

The Impact of Online Learning on Knowledge Transfer Risks

Another pressing issue requiring immediate attention is the proliferation of online learning
platforms. The post-pandemic digital transformation has enabled wider access to Chilean
academic programs, but it has also exposed vulnerabilities in controlling knowledge
dissemination. Many institutions do not have mechanisms to verify the identities and intentions
of online students, making it challenging to monitor who is accessing sensitive information.
Adopting best practices from the U.S. and European countries—such as vetting online students
in high-risk courses and implementing cybersecurity measures in research databases—would
significantly improve oversight. Future studies should further explore ways to enhance digital
security in Chilean higher education to prevent the unregulated transfer of knowledge related
to proliferation-sensitive fields.

Final Considerations

Given the urgency of addressing these issues, Chile must act swiftly and strategically to
align with global nonproliferation standards. International cooperation will be key in closing
regulatory gaps, as global entities specializing in nonproliferation and security policies could
provide technical expertise, training, and support in building a robust academic compliance
system.

While significant legislative reforms are needed, Chile can take immediate steps by:
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+ Establishing outreach programs to raise awareness within academic institutions and the
private sector.

« Creating an inter-ministerial task force to oversee trade control policy development.

» Implementing knowledge transfer regulations for sensitive research fields, particularly
in STEM disciplines.

» Fostering collaboration with international organizations to receive guidance and
capacity-building support.

By implementing these measures, Chile can transition from being a weak link in the region’s
nonproliferation framework to becoming a proactive and responsible player in global security
efforts. The momentum for change is now, and failure to act could leave Chile vulnerable
to exploitation by illicit networks. Prioritizing academic security, knowledge oversight, and
legislative action will ensure that Chile strengthens its position in international nonproliferation
frameworks, securing both its national interests and global reputation.



