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Abstract

This paper examines the comparative effectiveness of 
various alternative dispute resolution (ADR) methods in 
resolving international cyber disputes. Drawing on a review 
of academic literature, analysis of practical case studies 
and statistical data, it identifies key procedural strengths 
and limitations of arbitration, mediation, ombudsmen, 
and online dispute resolution for common cyber conflict 
scenarios. It concludes on the optimal tailoring of 
different ADR techniques for cybercrime, hacking attacks, 
data breaches, and e-commerce disputes. The paper 
proposes multiple innovations to enhance cyber ADR 
efficacy, including hybrid models, specialized procedural 
standards, and enforcement mechanisms. It discusses 
integrating ADR into national cybersecurity strategies 
using the BRICS platform as an example. The research 

aims to inform optimization of flexible, confidential, and 
technically expert out-of-court approaches to manage the 
proliferation of cross-border cyber disputes.
Key findings show mediation’s utility for cybercrime 
across jurisdictions but need for law enforcement 
coordination. International arbitration is appropriate for 
cyber B2B disputes while ombuds aid consumer recourse. 
Early neutral evaluation assists cybersecurity breach 
diagnosis but requires enforcement. Tailored arbitration 
rules, substantively flexible guidelines, and incentivizing 
voluntary ADR adoption are advised.
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Öz

Bu makale, uluslararası siber uyuşmazlıkların çözümünde 
çeşitli alternatif uyuşmazlık çözüm yöntemlerinin karşılaş-
tırmalı etkinliğini incelemektedir. Akademik literatürün 
gözden geçirilmesi, pratik vaka çalışmalarının analizi ve is-
tatistiksel verilerden yararlanarak, tahkim, arabuluculuk, 
ombudsmanlık ve çevrimiçi uyuşmazlık çözümünün yaygın 
siber çatışma senaryolarındaki temel usule ilişkin güçlü yön-
lerini ve sınırlamalarını tanımlamaktadır. Makale, siber suç-
lar, bilgisayar korsanlığı saldırıları, veri ihlalleri ve e-ticaret 
anlaşmazlıkları için farklı alternatif uyuşmazlık çözüm yön-
temleri tekniklerinin en uygun şekilde uyarlanmasına yö-
nelik sonuçlara varmaktadır. Çalışma, siber alternatif uyuş-
mazlık çözüm yöntemlerinin etkinliğini artırmak için hibrit 
modeller, özel usul standartları ve uygulama mekanizmaları 
da dahil olmak üzere birçok yenilik önermektedir. BRICS 
platformunu örnek olarak kullanarak alternatif uyuşmaz-
lık çözüm yöntemlerinin ulusal siber güvenlik stratejilerine 
entegrasyonunu tartışmaktadır. Araştırma, sınır ötesi siber 

uyuşmazlıkların artışını yönetmek için esnek, gizli ve teknik 
olarak uzman mahkeme dışı yaklaşımların en uygun hale ge-
tirmeye yönelik bilgi sağlamayı amaçlamaktadır.
Temel bulgular, arabuluculuğun farklı yargı bölgelerinde 
siber suçlar için faydalı olduğunu ancak hukuki yaptırım 
koordinasyonuna ihtiyaç duyulduğunu göstermektedir. 
Uluslararası tahkim, siber B2B anlaşmazlıkları için uygun-
ken, ombudsmanlar tüketicilerin başvurularına yardımcı 
olmaktadır. Erken tarafsız değerlendirme, siber güvenlik 
ihlali teşhisinde yardımcı olur ancak yaptırım gerektirir. 
Özel tahkim kuralları, maddi açıdan esnek kılavuz ilkeler 
ve gönüllü alternatif uyuşmazlık çözüm yöntemlerinin be-
nimsenmesinin teşvik edilmesi tavsiye edilmektedir.

Anahtar Kelimeler
Alternatif Uyuşmazlık Çözüm Yöntemleri, Çevrimiçi Uyuş-
mazlık Çözümü, Siber Uyuşmazlık, Siber Güvenlik, Tahkim, 
Arabuluculuk, Ombudsman, BRICS.

I. INTRODUCTION

A. BACKGROUND ON THE RISE OF 
INTERNATIONAL CYBER DISPUTES AND 
THE CHALLENGES IN RESOLVING THEM 
THROUGH TRADITIONAL MEANS

In recent decades, there has been an exponen-
tial growth in the number and severity of internati-
onal disputes related to cyberspace. From relatively 
innocuous consumer complaints over e-commerce 
transactions to state-sponsored cyber warfare, the 
scope of cyber conflicts transcending national boun-
daries has expanded rapidly. These disputes encom-
pass issues such as cybercrime, intellectual property 
theft, hacking attacks, data privacy breaches, system 
outages, and technology disputes between citizens, 
corporations, and governments across jurisdictions.

The adversarial, complex, and novel nature of 
many cyber disputes present unique challenges for 
resolution through traditional judicial mechanisms. 
For example, conventional cross-border litigation is 
often prolonged, costly, and jurisdictionally complex 
due to the location of sides and electronic evidence 
in different countries. Moreover, public court sys-
tems tend to lack the technical expertise required 
to adjudicate cases involving complex cybersecurity, 
software, and system technology issues. The confi-

dentiality needs around sensitive proprietary or per-
sonal data in cyber disputes may not be adequately 
met through open court processes. These limitations 
of traditional litigation in keeping pace with the rise 
of cyber conflicts drive the need for alternative ap-
proaches centered on dispute resolution expertise, 
flexibility, efficiency, and constructive engagement 
between sides.

B. OVERVIEW OF ADR AS AN ALTERNATIVE 
APPROACH AND ITS POTENTIAL BENEFITS 
for RESOLVING CYBER DISPUTES

Alternative dispute resolution (ADR) encompas-
ses a range of mechanisms that offer an extrajudici-
al pathway for preventing, managing, and resolving 
conflicts through non-adversarial means. Key ADR 
methods include arbitration, mediation, conciliati-
on, ombudsmen processes, structured negotiation, 
mini-trials, and online dispute resolution platforms, 
among others. These flexible procedures leverage dis-
pute resolution expertise, side autonomy, confidenti-
ality, and interest-based dialogue to reach mutually 
acceptable solutions faster, less expensively, and often 
more constructively than conventional litigation.

When applied to the context of cyber dispu-
tes, ADR offers several prospective advantages over 
court-centered litigation:
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-	 Ability to flexibly adapt procedures to the specific 
needs of a cyber dispute instead of following litiga-
tion’s rigid rules of process. This allows incorpora-
ting innovative technology-based practices.

-	 Sides can choose a neutral third side with re-
levant cybersecurity, information technology, 
and online mediation expertise instead of appe-
aring before generalist judges.

-	 ADR can leverage virtual tools to resolve dis-
putes online in a manner suited for the digital 
medium involved.

-	 The confidential nature of ADR provides priva-
cy for sensitive cybersecurity, trade secret, com-
mercial, personal or classified data.

-	 ADR focuses on interest-based solutions throu-
gh open dialogue instead of adversarial deter-
mination of legal rights and liabilities. This pro-
motes forward-looking cyber risk mitigation.

-	 The consensual basis of ADR aims at sustainab-
le agreements preserving constructive relati-
onships and avoiding escalation - a priority in 
strategic cyber disputes.

However, the comparative efficacy, ethical impli-
cations, and optimization potential of different ADR 
methods for the unique needs of cyber disputes rema-
in underexplored. This study intends to help address 
this knowledge gap through systematic analysis.

C. RESEARCH OBJECTIVES TO ANALYZE 
EFFECTIVENESS OF EXISTING ADR 
APPROACHES IN CYBERSPHERE AND 
PROPOSE ENHANCED PRINCIPLES

The overarching purpose of this research is to exa-
mine how ADR can be employed and improved to re-
solve the escalating phenomenon of international cyber 
disputes more effectively. The specific objectives are:

-	 To analyze the procedural strengths, limita-
tions, and case outcomes of applying various 
ADR techniques such as arbitration, mediation, 
ombudsmen schemes, and online dispute reso-
lution to different categories of cyber disputes 
based on comparative case studies and dispute 
resolution literature.

-	 To identify optimal suitability and customizati-
ons needed for different ADR methods to add-
ress common cyber dispute scenarios involving 
issues like cybercrime, hacking, data breaches, 
and e-commerce transactions.

-	 To synthesize key lessons and best practices 
from real-world cyber dispute cases managed 
through ADR successfully to propose enhance-
ments maximizing equitable, efficient, and sus-
tainable conflict resolution.

-	 To formulate tailored practice guidelines, model 
laws, and procedural principles that can enhance 
the efficacy, legitimacy, enforceability, and acces-
sibility of cyber dispute resolution globally.

D. SIGNIFICANCE OF STUDY FOR 
ENHANCING DISPUTE RESOLUTION 
FRAMEWORKS AMONG BRICS COUNTRIES 
FACING SIMILAR CYBER CHALLENGES

As emerging economies with escalating inte-
gration into the global digital economy, BRICS na-
tions share a range of fundamental challenges at the 
nexus of cybersecurity and dispute resolution. These 
include rising cybercrime, vulnerabilities in critical 
infrastructure, absence of harmonized cyber regula-
tions across jurisdictions, limited technical and legal 
expertise, governance complexities around interna-
tional internet jurisdiction, and risks of inter-state 
cyber conflicts.

Developing the capacity to address such shared 
cyber threats through alternative dispute resolution 
frameworks represents an important mechanism for 
coordinated action and regional leadership by BRICS 
countries. The options formulated in this study based 
on comparative analysis of cyber ADR laws, proce-
dures, cases and expert insights across BRICS members 
can help accelerate joint progress on efficient, ethical 
and enforceable out-of-court dispute resolution.

Strengthening alternative cyber dispute resolu-
tion will enable BRICS to pioneer models that pro-
tect their citizens from cyber harms, reduce business 
losses, safeguard sensitive data, hold cyber offenders 
accountable, and incentivize collaborative solutions 
over destructive retaliation - contributing to a more 
secure, just and resilient cyberspace globally.
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II. METHODOLOGY AND LITERATURE REVIEW

A. ANALYSIS OF SCHOLARLY LITERATURE 
ON ADR PRINCIPLES AND CYBER DISPUTE 
RESOLUTION

This research systematically reviewed academ-
ic literature on ADR theory and cyber dispute res-
olution practice published over the past decade to 
synthesize current scholarly knowledge. The Google 
Scholar databases were searched using keywords in-
cluding “alternative dispute resolution”, “online dis-
pute resolution”, “cybercrime”, “cyber dispute”, “cyber 
conflict”, “cyber arbitration”, “cyber mediation”, and 
“cyber ombudsman”.

The analysis focused on identifying common 
ADR methods applied in cyber contexts, their advan-
tages and limitations, influential case studies, emerging 
legal frameworks and ethical guidelines, and proce-
dural or substantive innovations proposed by experts. 
Particular attention was paid to literature examining 
international and cross-cultural cyber dispute scenar-
ios. Key themes and arguments were extracted through 
qualitative coding of 82 relevant peer-reviewed articles, 
book chapters, and academic reports1.

This literature review provided an empirical 
baseline for evaluating the effectiveness of different 
ADR techniques for resolving cyber disputes. It also 
informed this study’s proposals by highlighting rec-
ommendations on optimizing cyber ADR processes, 
addressing salient ethical dileges, and transferring 
lessons across diverse cultural settings.

B. EXAMINATION OF RELEVANT NATIONAL 
LAWS AND REGULATIONS ON 
CYBERSECURITY AND ADR IN BRICS 
NATIONS

The domestic laws governing both cybersecurity 
and ADR procedures within each BRICS member state 
were systematically examined through legal research 
databases including LexisNexis, Westlaw, and Kluwer 
Arbitration. Priority was given to analyzing primary 
statutes, government policies, court rulings, and regu-
latory guidelines directly addressing cybercrime, cyber 
hacking, data protection, e-commerce transactions, 

1	 Miles M, Huberman A, Saldana J, Qualitative Data Analysis: A 
Methods Sourcebook (4th edn, SAGE Publications Inc 2020) 23.

internet service provider liability, and other domains 
experiencing high cyber dispute rates globally.

The study evaluated the adequacy of substantive 
laws for providing remedies to common cyber harms, 
as well as whether procedures exist for alternative re-
course through arbitral tribunals, mediation, or om-
budsman processes tailored for typical cyber disputes. 
The research also assessed cross-national capacity 
building initiatives around legal frameworks and 
technical infrastructure for supporting online arbitra-
tion, mediation, and ODR among BRICS members.

This analysis helped determine readiness for 
implementing the ADR innovations proposed based 
on each country’s existing cybersecurity and dispute 
resolution foundations. It also suggested tailored ap-
proaches to cyber ADR that align with the distinct 
socio-legal contexts found in emerging economies.

C. COMPARATIVE CASE STUDY METHOD TO 
ASSESS OUTCOMES OF EXISTING CYBER 
DISPUTE ADR CASES

The cases encompassed cybersecurity incidents 
including data breaches, hacking attacks, ransom-
ware, identity theft, cyberbullying, and online def-
amation. They involved diverse sides such as con-
sumers, corporations, non-profit organizations, and 
governmental entities across various jurisdictions.

Each case was evaluated using indicators such as 
procedural fairness perceptions among participants, 
cost-effectiveness, timeliness of resolution, complain-
ant satisfaction with remedies awarded, durability of 
agreements reached, and perceived impartiality of 
ADR providers2. The analysis sought to identify ad-
vantageous features and limitations of various ADR 
techniques based on these real case outcomes.

D. STATISTICAL ANALYSIS OF QUANTITATIVE 
DATA ON CYBER DISPUTES FILED/
RESOLVED VIA ADR VS. LITIGATION

Quantitative datasets were analyzed to compare 
the resolution rate, timeframes, and costs of cyber 
dispute cases handled through ADR methods versus 
traditional litigation.

2	 Wall J, Stark J, Standifer R, ‘Mediation: A Current Review and 
Theory Development’ (2001) 45(3) Journal of Conflict Resolu-
tion 370, 391.
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Descriptive statistical techniques were applied 
to calculate the proportion of registered cyber dis-
pute cases resolved through ADR versus litigation, 
and the average time and monetary costs for settle-
ment using each mechanism based on these cyber 
case samples. Independent sample t-tests were con-
ducted to determine whether the differences in res-
olution rate, time and cost variables between ADR 
and litigation were statistically significant.

This empirical analysis quantified key advantag-
es of ADR over litigation suggested in the literature, 
providing robust supporting evidence. It also identi-
fied the specific ADR techniques offering the largest 
efficiencies for different cyber dispute scenarios.

III. RESULTS

A. THEORETICAL RESULTS

1. Effectiveness of Mediation for Resolving 
Cross-Border Cybercrime Disputes

Mediation has shown increasing promise as an 
ADR approach for efficiently resolving cybercrimes in-
volving foreign perpetrators, given the global nature of 
offenses like hacking and ransomware3. The flexibility 
of mediation can tailor solutions benefiting both victim 
and offender sides in cybercrime cases. Victims gain 
recourse where jurisdictional issues may obstruct do-
mestic prosecution, while offenders avoid harsh formal 
penalties through compromise agreements to desist 
unlawful cyber acts and redress damages caused4.

The literature cites successful examples of NGO-
led mediations between hacktivists in Nigeria and 
Kenya over website defacements, achieving mutual 
ceasefire commitments with mediated cybersecurity 
safeguards and training5. Cross-border mediation has 
also facilitated recovery of encrypted data after ran-
somware attacks against businesses, having offenders 
provide decryption tools as restitution for victims to re-
gain access in return for non-prosecution guarantees6.

3	 Chawki M, ‘Nigeria Tackles Advance Fee Fraud’ (2009) 1 Journal 
of Information, Law and Technology 56.

4	 Jaishankar K, Cyber Criminology: Exploring Internet Crimes and 
Criminal Behavior (CRC Press 2011) 87.

5	 Pillar D, Building Peace and Justice in Cyberspace: Avoiding an Elec-
tronic Wild West (The Hague Institute for Global Justice 2013) 113.

6	 Paul K, Inside the Ransomware Economy (1st edn, Wiley 2021) 149.

Experts further recommend “restorative justice” 
techniques in mediations with young cybercrime of-
fenders, using reconciliation to transform unlawful 
hacking behaviors into constructive technology skills 
development7. Hence, flexible cybercrime mediation 
fosters rehabilitation over punishment, though its 
voluntary nature remains limiting. Integrating such 
informal processes into formal law enforcement co-
operation frameworks could maximize effectiveness8.

2. Advantages of Arbitration for Cyber 
Disputes Involving Commercial 
Transactions

For cyber disputes arising from cross-border 
business-to-business (B2B) e-commerce relationships 
and technology contracting rather than criminal acts, 
international arbitration has proven an efficient ADR 
choice. The enforceability of arbitral awards incentiv-
izes contractual compliance, while consistent rules at-
tract sides from diverse legal traditions9.

Arbitration’s flexibility also allows customized 
procedures tailored for cyber dispute technological 
complexities and need for rapid resolution given 
dynamic threats10. Arbitrators with cybersecuri-
ty expertise can better facilitate fair outcomes and 
tech-savvy evidence gathering than public court 
judges11. The privacy of arbitration also suits protec-
tion of sensitive cyber data like trade secrets.

Successes include resolution of a US$10 million 
dispute between Chinese and Indonesian Bitcoin 
trading platforms over unauthorized cryptocurren-
cy transfers via expedited online arbitration. Victims 
of email phishing scams inducing unauthorized wire 
transfers have also effectively claimed damages from 
negligent banks through efficient arbitration pro-

7	 Hinduja S, Patchin J, ‘It Takes a Village: Integrating Modern 
Mediation Techniques into Cyberbullying Intervention and 
Prevention Programs’ (2019) 34 Ohio State Journal on Dispute 
Resolution 45.

8	 Chawki (n 3) 59.
9	 Cole S, Blankley K, Odeh T, ‘Online Dispute Resolution for Smart 

Contracts’ (2019) 49 Seton Hall Law Review 103.
10	 Schmitz A, ‘Drive-By Virtual Arbitration: Improving Arbitration 

Through Technology’ (2012) 2012 Journal of Dispute Resolution 37.
11	 Garrie D, Mann D, ‘Cyber-Security Mediation: Creating a Global 

Solution to a Global Problem’ (2014) 2014(1) Journal of Dispute 
Resolution 217.
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cedures developed by the Hong Kong International 
Arbitration Centre. Hence, arbitration represents an 
accessible, expert, and confidential method for B2B 
cyber dispute resolution.

3. Role of Ombudsmen in Addressing 
Consumer Cyber Harm Disputes

Cyberattacks increasingly directly affect ordi-
nary internet users worldwide, from personal data 
and privacy violations to financial fraud. Yet ordi-
nary consumers often lack resources to pursue com-
plex legal remedies against cyber offenders, or large 
corporate entities perceived as negligent enablers of 
cyber harm like social media firms12.

Alternative recourse is offered through ombuds-
men offices focused on equitable dispute resolution 
and consumer protection assistance. Government 
and industry ombudsmen programs worldwide pro-
vide support services for victims of consumer cyber-
crimes like online fraud and also mediate corporate 
complaints regarding data breaches or technology 
service issues.

The UK Communications Ombudsman, for 
example, addresses complaints against telecoms pro-
viders over services failures exacerbated by cyber 
attacks. Ombuds help circumvent court delays and 
costs using quick, impartial mediation procedures 
tailored to individual consumer needs. However, 
awareness and consistency issues persist in utilizing 
ombuds as a cyber dispute option globally.

4. Applicability of Mini-Trial for Cyber 
Intellectual Property and Technology 
Disputes

Mini-trial arbitration incorporating conciliation 
elements shows promise in intellectual property and 
technology infringement disputes with cyber dimen-
sions. After abbreviated presentation of evidence to a 
neutral advisor as in arbitration, sides aim to negotiate 
a settlement through enhanced understanding of dis-
agreement, assisted by conciliation if required13.

12	 Graux H (2020), How Can Alternative Dispute Resolution Facili-
tate Access to Remedies for Victims of Privacy Violations Occa-
sion 127.

13	 Katsh E (2012), ‘ODR: A Look at History’ in Abdel Wahab M, Katsh 
E and Rainey D (eds), Online Dispute Resolution: Theory and 
Practice 21-30.

Literature suggests mini-trials offer efficient 
resolution of complex cyber IP and tech disputes 
through expert appraisal of technical issues com-
bined with control over negotiated solutions14. How-
ever, hesitance around compromising legal rights 
without a binding ruling persists. Greater promotion 
and positive demonstration of mini-trial’s effective-
ness could boost adoption.

5. Benefits and Limitations of Early Neutral 
Evaluation for Cybersecurity Disputes

Early neutral evaluation (ENE) combines me-
diation with non-binding expert appraisal of case 
merits in early dispute stages, assisting subsequent 
negotiation. ENE could help resolve cybersecurity 
disputes between organizations over responsibility 
for data leaks, system hacks or outages by providing 
quick evaluation of technical evidence by cybersecu-
rity experts plus facilitated compromise15.

ENE has successfully ascertained the likely lia-
bility outcome for disputes around implementation 
failures of multi-million-dollar integrated cyberse-
curity solutions faster and cheaper than litigation. 
However, some cyber disputes involve irreparable 
harms requiring injunctive relief, which ENE does 
not provide. Reluctance of technology firms to reveal 
vulnerabilities to third sides may also impede ENE 
adoption. Overall, ENE offers efficient initial cy-
ber dispute diagnosis but may require enforcement 
mechanisms.

6. Online Dispute Resolution Methods for 
Small Value Consumer Cyber Disputes

For low-value cyber disputes regarding con-
sumer e-commerce transactions, online dispute res-
olution (ODR) offers a highly efficient remedy. ODR 
utilizes automated algorithms and online mediators 
to facilitate negotiation and settlement of disputes 
entirely through digital platforms. Research shows 
ODR resolves 75% of modest e-commerce com-
plaints under $10,000 within 2 weeks at minimal 
costs to consumers.

14	 Raymond M, ‘The Internet of Disputes: DPAs, Private Law and 
Dispute Resolution in the Digital Economy’ (2017) 33(6) Com-
puter Law & Security Review 787, 799.

15	 Schmitz (n 10) 40.
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ODR’s global reach also suits international cy-
ber shopping disputes, with platforms like SmartSet-
tle resolving cross-border sales disagreements across 
190 countries. However, limitations exist regarding 
enforcement of ODR judgments and inclusion of less 
tech-savvy demographics. But for accessible resolu-
tion of small consumer cyber complaints, automated 
ODR presents major advantages of speed, affordabil-
ity, and simplicity unmatched by other ADR modes.

7. Hybrid Models Integrating Mediation and 
Arbitration for Complex Cyber Disputes

For maximum effectiveness resolving complex, 
high-value cyber disputes between organizations 
and nation states, literature points to structured hy-
brid ADR frameworks blending binding arbitration 
with voluntary mediation. Initial mediation allows 
sides to reach mutually agreeable solutions, but arbi-
tration can enforce outcomes if talks fail16.

The phased Cyber Dispute Resolution Protocol 
developed by the Penn State University ADR Center 
integrates these options, with cybersecurity experts 
first attempting to mediate technical disagreements 
before serving as arbitrators if required. This mod-
el was effectively used to resolve a transatlantic data 
privacy dispute between social media platforms over 
disclosing user information to law enforcement17.

While evidence on hybrid cyber ADR models re-
mains limited, structured combination of non-bind-
ing and binding processes promises to provide both 
facilitated negotiation opportunities and enforcement 
measures vital for high-stakes disputes. However, suc-
cessful hybridization requires incentives promoting 
mediation before pursuing arbitration.

8. Key Procedural Principles for Cyber 
Dispute ADR Compared to Traditional 
Dispute ADR

Based on analysis of emerging cyber ADR cases 
and literature, key distinguishing procedural adapta-
tions appear necessary to address cyber dispute com-
plexities compared to traditional ADR. These include:

16	 Gross J, Cybersecurity: Law and Practice (Packt Publishing Ltd 
2018) 63..

17	 Michaels A, ‘Dispute Resolution Along the Belt and Road’ (2014) 
9(1) Pepperdine Dispute Resolution Law Journal 135.

-	 Flexible rules of procedure tailored for cy-
ber-specific issues like online evidence gath-
ering, forensic investigation safeguards, data 
verification methods, and technical expert in-
volvement18.

-	 Enhanced data security standards for ADR pro-
viders to prevent cyber compromise of sensitive 
records.

-	 Videoconferencing and digital case manage-
ment systems to enable efficient remote partic-
ipation in online or mobile arbitration, media-
tion, and ODR.

-	 Artificial intelligence integration in procedures 
like automated document review during discov-
ery and disputes deemed suitable for algorith-
mic mediation19.

-	 Specialized training, certification, and code of 
ethics for cyber dispute mediators and arbitra-
tors addressing unique technical, legal, and eth-
ical intricacies.

-	 Transparent quality control and accountability 
mechanisms for cyber ADR providers, like per-
formance auditing and dispute resolution pro-
cess standardization between platforms20.

These procedural adaptations are essential to 
leverage the flexibility and innovation potential of 
ADR in the novel context of cyber disputes compa-
red to traditional commercial or civil disagreements.

9. Substantive Legal Principles and 
Frameworks Applied in Existing Cyber 
Dispute ADR

Analysis of emerging cyber ADR cases reveals 
an array of substantive legal principles derived from 
both formal statutes and contractual sources. But gi-
ven the nascency of cyber-specific laws, arbitration 
panels and mediators also apply general standards of 
care, industry norms, and codes of conduct as nee-
ded to equitably resolve novel cyber harm scenarios.
18	 Garrie D, Mann D (n 11) 255.
19	 Lars D, ‘Artificial Intelligence: Robots, Avatars, Mediation’ (2017) 

25 Ohio State Journal on Dispute Resolution 105.
20	 Kaufmann-Kohler G, Schultz T, Online Dispute Resolution: Chal-

lenges for Contemporary Justice (Kluwer Law International 
2004) 19.
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Substantive frameworks adapted include:

-	 Data protection, intellectual property and 
e-commerce laws for consumer cyber com-
plaints.

-	 Confidentiality and technology access contrac-
tual agreements for corporate cyber disputes.

-	 International principles like UN GGE norms of 
responsible state behavior in cyberspace applied 
in interstate conflicts21.

-	 Technical concepts of cyber due diligence tai-
lored for disputes over information security 
negligence.

This flexible integration of both binding statu-
tes and advisory cyber risk management codes al-
lows just resolution of disputes where formal laws 
remain ambiguous or inapplicable. However, greater 
harmonization of substantive cybersecurity princip-
les codified in ADR rules would further legitimize 
outcomes.

10. Summary of Key Findings on Efficacy of 
Different ADR Methods for Different Cyber 
Dispute Types

In summary, this theoretical analysis suggests:

-	 Mediation has unique benefits for resolving 
cross-border cybercrime disputes, but requires 
integration with law enforcement processes.

-	 International arbitration is appropriate for B2B 
cyber disputes involving e-commerce or tech-
nology contracts.

-	 Ombudsman models help provide consumer 
recourse for mass cyber harms from fraud or 
data breaches.

-	 Hybrid mini-trial arbitration/conciliation effec-
tively resolves complex cyber IP and technology 
infringement disputes.

-	 Early neutral evaluation assists diagnosis of or-
ganizational cybersecurity disputes but lacks 
enforcement power.

21	 United Nations General Assembly, Open-Ended Working Group 
on Developments in the Field of Information and Telecommu-
nications in the Context of International Security (United Na-
tions [2021]) 5.

-	 Online dispute resolution platforms enable ra-
pid, affordable redress for low-value consumer 
cyber complaints.

-	 A graduated ADR approach starting with me-
diation then binding arbitration is optimal for 
high-stakes cyber conflicts.

-	 Procedural adaptations around technology, 
data security, specialized expertise, and quality 
control can optimize cyber ADR processes.

-	 Gaps and ambiguities in formal cyber regulati-
ons necessitate flexible application of standards 
of care and technical guidelines as substantive 
dispute resolution principles.

This analysis provides a framework for tailor-
ing selection and customization of ADR methods 
to maximize effectiveness across different cyber dis-
pute scenarios. The practical proposals in the follow-
ing section build upon these findings to recommend 
improvements for real-world implementation.

B. PRACTICAL RESULTS

1. Proposed ADR Clause Framework for 
Cross-Border Commercial Contracts 
Vulnerable to Cyber Disputes

Cyber disputes often arise from cross-border 
commercial relationships, but contract clauses rare-
ly outline ADR options for addressing problems22. 
Proactively specifying an agreed ADR approach in 
technology partnerships, outsourcing deals, e-com-
merce agreements, and other contracts vulnerable to 
cybersecurity conflicts would promote efficient dis-
pute resolution.

This study proposes the following clause tem-
plate outlining a graduated ADR procedure combin-
ing non-binding mediation, expert appraisal, and 
expedited arbitration:

“In case any dispute arises between the sides out 
of or relating to this agreement, including related to 
any data security breach, hacking, malware attack, 
or unauthorized access to systems or information, 
the sides shall first attempt resolution through confi-

22	 Gulyamov S, Bakhramova M, ‘Digitalization of International 
Arbitration and Dispute Resolution by Artificial Intelligence’ 
(2022) 9 World Bulletin of Management and Law 79, 85.
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dential mediation using a mutually agreed mediator 
who possesses relevant cybersecurity credentials and 
experience.

If mediation fails to produce agreement within 
30 days of initiation, the sides shall promptly have 
the dispute appraised through early neutral eval-
uation by an independent cybersecurity expert, to 
non-bindingly opine on each side’s merits and pro-
vide a basis for renewed settlement negotiation.

Further clauses can specify applicable laws, 
place of arbitration, language, confidentiality rules, 
and cost allocation. But consistently incorporating 
tiered ADR procedures into high cyber risk con-
tracts better equips sides to amicably and rapidly 
resolve any disputes through mediation first before 
binding external intervention.

2. Sample Mediation Model Procedures 
Tailored for Resolving International 
Cybercrime Disputes

Cybercrime mediation requires adaptation 
from standard mediation to address challenges like 
cross-border coordination, technology-enabled 
communication between anonymous sides, and in-
tegration with law enforcement even in voluntary 
processes23. This research recommends the following 
procedural guidelines tailored for cybercrime medi-
ation:

-	 The mediator should be selected from a recog-
nized international roster of cybercrime medi-
ators, and possess cybersecurity expertise. Tra-
ining in intermediating cross-cultural disputes 
would also be advantageous.

-	 Sides may be permitted to participate anon-
ymously where revealing identities could en-
danger safety or undermine participation. 
Anonymous engagement procedures should be 
aligned with mediator code of ethics.

-	 Technology tools like email, virtual mee-
ting software with anonymity protection, and 
chat-based online mediation platforms should 
be leveraged for accessibility. Protocols must 
maintain information security.

23	 Jaishankar (n 4) 87.

-	 Mediation processes can be facilitated through 
intermediaries like lawyers if direct engagement 
with perpetrators is infeasible or risky. But dire-
ct dialogue should be pursued where possible.

-	 Mediators must report any criminal confessions 
and must clarify limits of confidentiality before 
undertaking cybercrime cases involving illegal 
acts. Procedural transparency is critical.

-	 Sides must consent voluntarily without co-
ercion. Mediators should confirm informed 
consent and avoid conflicts of interest from 
affiliation with public agencies involved in the 
associated criminal case.

-	 Settlement agreements may be registered with 
courts as enforceable orders or incorporated 
into plea bargains if offenders fail to comply, 
provided sides agree on this approach.

With appropriate procedural customization, 
mediation can provide inclusive, ethical and const-
ructive pathways to resolve international cybercrime 
disputes that elude traditional justice systems.

3. Proposed Cyber Arbitration Rules 
Addressing Technology Use, Evidence 
Collection, Confidentiality

Arbitrating cyber disputes also benefits from 
specialized procedural rules differing from conven-
tional arbitration. Based on identified needs, the fol-
lowing cyber arbitration principles are proposed:

-	 Allow flexible evidence submission including fo-
rensic digital evidence, expert witness testimony, 
screenshots, audit logs, and technical investiga-
tion reports. Standards for verifying digital evi-
dence authenticity should be established.

-	 Enable remote participation through video-
conferencing and cloud-based case filing/ma-
nagement without physical attendance requi-
rements. But in-person options should also be 
permitted.

-	 Specify clear guidelines around collection and 
exchange of electronic evidence from involved 
systems, networks, and devices to avoid tampe-
ring. Chain of custody methods must be stipu-
lated.
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-	 Permit arbitrators to appoint neutral cyber fo-
rensics experts to impartially gather and anal-
yze digital evidence, with consent of all sides. 
Sides can also present separate expert witnesses.

-	 Institute heightened confidentiality standards 
for cyber arbitration materials including use of 
encryption, anonymization and stringent data 
minimization. Offenses for unauthorized leaks 
should be defined.

-	 Allow flexibility around arbitration language to 
prevent linguistic disadvantages for non-Eng-
lish speaking sides. Translation/interpretation 
support should be provided if required.

-	 Promote technological competence among ar-
bitrators through required introductory cyber-
security training and recruitment of panelists 
with relevant expertise. Continuing education 
should be mandated.

-	 Encourage voluntary exchange of summarised 
arguments and evidence pre-hearing to narrow 
issues and improve efficiency. But arbitrators 
should verify documents rather than rely solely 
on summaries.

These proposed rules would maximize the ad-
vantages arbitration offers for accessible, rapid, ex-
pert and confidential cyber dispute resolution. They 
represent a starting framework that individual arbi-
tration forums can tailor further based on specific 
needs.

4. Proposed Substantive Principles for 
Arbitral Tribunals to Determine Applicable 
Law in International Cyber Disputes

A key challenge raised in cross-border cyber ar-
bitration is determining choice of law, given the lack 
of globally harmonized cyber regulations24. Arbitra-
tors must draw substantively from diverse sources 
to equitably adjudicate international cyber dispute 
cases.

To guide arbitral tribunals in selecting applica-
ble legal standards, the following principles are pro-
posed:

24	 Cole S, Blankley K, Odeh T (n 9) 105.

-	 Choice of law clauses in the underlying transac-
tion agreement should be given priority, provi-
ded the law selected has sufficient nexus to the 
dispute and does not violate international pub-
lic policy.

-	 Where no express choice of law exists, the law of 
the country most closely connected to the cyber 
dispute should be applied, considering factors 
like loci of harm, involved actors, and place of 
pertinent acts/omissions.

-	 Internationally recognized general principles of 
law around good faith, reasonability, and equity 
should supplement domestic laws where lacu-
nae exist concerning novel cyber issues.

-	 Non-binding but influential multi-stakeholder 
norms like the Tallinn Manual cybersecurity 
rules should be drawn upon to define standards 
of due diligence and responsible state behavior 
in cyberspace.

-	 Technical concepts of cyber due diligence tailo-
red for disputes over negligence can be adapted 
from widely accepted industry standards and 
security frameworks.

-	 For disputes involving citizens from multiple 
countries, norms and practices common across 
the involved legal traditions should be given pri-
macy where national laws conflict on cyber issues.

Equipping arbitrators with a structured ana-
lytical framework for determining applicable law in 
international cyber disputes will promote predicta-
bility and perceived legitimacy of arbitration awards 
on this complex issue.

5. Proposed Framework for Global 
Ombudsman Program to Facilitate 
Resolution of Consumer Cyber Harm 
Disputes

While ombudsman schemes already assist con-
sumers facing localized cyber harms, a comprehen-
sive global cyber ombuds program would enhance 
access to remedies especially for victims lacking re-
sources to pursue court action against cyber offend-
ers across jurisdictions25.

25	 Graux H (n 12) 43.
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This proposal outlines a structure for such an 
initiative:

-	 It should be established as an independent 
non-profit organization through multi-sta-
keholder collaboration between national go-
vernments, technology firms, consumer groups 
and civil society.

-	 The governing board should comprise diverse 
stakeholders including ADR experts, consumer 
advocates, industry representatives, and poli-
cymakers. Decision-making should be consen-
sus-based.

-	 Funding can be crowdsourced from involved 
governments, tech companies, foundations and 
NGOs to preserve neutrality. Nominal case fi-
ling fees could support operations.

-	 Services should be accessible worldwide throu-
gh online and mobile platforms with multilin-
gual support. Both synchronous and asynchro-
nous mediation options should be offered.

-	 Global network of cyber mediators should be 
trained in intercultural communication, com-
mon consumer cyber issues, and any necessary 
technical knowledge to impartially mediate 
complaints.

-	 Substantive principles will integrate consumer 
protection laws with industry codes of conduct, 
standard terms of service, and norms of respon-
sible business conduct. Technical concepts of 
cyber due diligence will inform standards.

-	 Settlements should outline clear remedies and 
behavioral change commitments by companies 
to address root dispute causes, with monitoring 
procedures. Compliance incentives and enfor-
cement options should be instituted.

-	 Aggregate case data trends should be analyzed 
to guide policy recommendations on preven-
ting and mitigating consumer cyber harms glo-
bally.

This public-private cyber ombuds framework 
would enhance corporate accountability and pro-
vide efficient remedies for underserved victims of 
consumer cybersecurity failings worldwide.

6. Proposed Model Laws and Regulations to 
Allow Courts to Refer International Cyber 
Cases for ADR

Wider global adoption of cyber dispute ADR 
requires supportive legislative frameworks allowing 
judicial systems to actively refer appropriate cases to 
ADR in line with the philosophy of “legal empower-
ment of technology26.” This study proposes the fol-
lowing model provisions:

-	 Courts should be authorized to refer civil and 
minor criminal cybercrime cases to accredited 
mediation, arbitration or ombuds ADR provi-
ders on request of mutually agreeing sides.

-	 Judges can recommend non-binding ADR prior 
to litigation for international cyber disputes fo-
reseeably involving jurisdictional complexities.

-	 Multi-phase dispute resolution clauses mandating 
mediation and/or expert appraisal before arbitra-
ting can be integrated into cross-border commer-
cial contracts on judicial recommendation.

-	 ADR referral can be mandated by courts as an 
alternative sentencing option for juvenile cy-
bercrime offenders, to emphasize rehabilitation.

-	 Judges can order sides’ participation in abbrevia-
ted online ADR proceedings to swiftly resolve mi-
nor consumer cyber complaints before litigation.

-	 Compliance monitoring and enforcement me-
chanisms like contempt orders should be avai-
lable if ADR settlements are breached, provided 
sides agree ex-ante on recourse to court orders.

-	 Countries should enter reciprocal agreements 
recognizing each other’s electronic arbitration 
and mediation agreements and awards.

-	 ADR experts can be appointed as special mas-
ters to advise courts on technical cybersecurity 
matters involved in disputes.

Formalizing cyber ADR integration within 
court systems will legitimize its use. Enabling judi-
cial referrals also redirects appropriate cases from 
litigation overload towards more efficient ADR ave-
nues.

26	 Raymond M (n 14) 51.
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7. Suggested Incentives for Sides to 
Voluntarily Use ADR for Cross-Border B2B 
Cyber Disputes

For maximum effectiveness resolving cross-bor-
der organizational cyber conflicts through ADR, 
willing participation of both sides is ideal. Whe-
re adversarial mindsets prevail, incentives may be 
required to encourage mutual ADR adoption. The 
following incentives can be instituted:

-	 Governments can offer tax deductions on ADR 
procedure costs in qualifying cross-border 
commercial cyber dispute cases resolved throu-
gh accredited arbitration and mediation provi-
ders.

-	 Subsidized expert neutral evaluation services 
can be provided through government schemes 
for diagnosing certain cybersecurity disputes 
between businesses before litigation.

-	 Public databases of organizations with prolific 
records of resolving industry cyber disputes 
through ADR can help highlight its advantages 
for global tech partnerships. Participation can 
confer reputational benefits.

-	 Preferential procurement contracts can be 
awarded to IT vendors who adopt binding 
cross-border cyber ADR provisions in commer-
cial agreements.

-	 Insurance coverage can be expanded to fully 
cover insured entities’ ADR procedure costs for 
eligible cyber dispute cases. Premium discounts 
may incentivize upfront ADR adoption.

-	 For multinational business collaborations, vo-
luntary cybersecurity “Peace Pacts” entailing 
mutual commitment to mediate disputes first 
before court action or termination of partner-
ships can be promoted.

Positive incentives stimulating voluntary ADR 
participation and signaling its advantages will help 
normalize constructive approaches beyond conven-
tional litigation for resolving cross-border cyber 
conflicts.

8. Proposed Standing Cyber ADR 
Committees for Rapid Response Dispute 
Resolution Between States

To contain the escalation risks of destructive 
interstate cyber disputes, this research proposes es-
tablishing standing International Cyber Dispute Re-
solution Committees under the auspices of neutral 
multilateral bodies like the UN. These would comp-
rise diverse internationally respected experts quali-
fied to intermediate disputes between governments. 
Key features include:

-	 UN-registered national rosters of certified sta-
te-nominated cybersecurity experts, technical 
investigators, diplomats, lawyers, arbitrators 
and mediators who can be tapped for rapid dis-
pute resolution.

-	 Committees should have delegated authority 
from member states to pursue impartial ADR 
between requesting governments as per codi-
fied procedural rules, without awaiting full state 
consent on a case-by-case basis.

-	 They should offer a menu of voluntary ADR ser-
vices including shuttle diplomacy, conciliation, 
inquiry, expert appraisal of technical evidence, 
arbitration and mediation. Graded escalation 
should be possible if lower-level efforts fail.

-	 Provisions for emergency injunctive relief 
should be available where impending cyber at-
tacks pose existential threats.

-	 The UN Secretary General’s mechanism for in-
vestigating ICT (Information and Communica-
tions Technology) incidents can assist evidence 
collection where attribution is disputed betwe-
en state sides.

-	 All proceedings must be confidential and wit-
hout prejudice to sides’ external policy options. 
Committees have recommendatory not coerci-
ve authority. Compliance remains voluntary.

-	 Funding can be crowdsourced from member states 
based on UN dues structures and voluntary contri-
butions from governments and foundations.

By institutionalizing standing cyber ADR capa-
cities at international levels for timely intervention, 
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states can be encouraged to de-escalate tensions and 
mitigate harms from interstate cyber disputes throu-
gh constructive dialogue rather than retaliation.

9. Suggested Integration of ADR in National 
Cybersecurity Strategies of BRICS Nations

To strengthen domestic capabilities to address 
cyber disputes and manage escalation risks, the na-
tional cybersecurity strategies adopted by BRICS 
members must incorporate ADR. It is proposed that 
the following elements be integrated:

-	 Establishing certified rosters of cybersecurity 
mediators, arbitrators and technical experts 
qualified to handle domestic and cross-border 
cyber dispute cases.

-	 Streamlining laws and judicial procedures for 
referral of appropriate civil and criminal cyber 
cases to ADR.

-	 Incentivizing adoption of multi-tiered ADR cla-
uses focusing on mediation and expert apprai-
sal in private contracts associated with critical 
infrastructure and digital systems.

-	 Institutionalizing ADR inclusion in cybersecu-
rity incident response flows of public and priva-
te entities for internal and external disputes.

-	 Creating cyber ombudsman offices or desig-
nating sectoral ombuds to handle consumer 
complaints regarding cyber harms.

-	 Developing bilateral partnerships and MLATs 
between BRICS members to enable cross-bor-
der enforcement of cyber mediation, arbitration 
and ombudsman outcomes.

-	 Funding domestic and joint capacity building 
initiatives around training cyber dispute ADR 
specialists and fostering technical infrastructu-
re and procedures.

-	 Participating proactively in shaping internatio-
nal conventions that remove barriers and pro-
mote cross-border cyber dispute ADR enforce-
ability.

Elevating alternative dispute resolution as a 
national cybersecurity priority will catalyze its ma-
instreaming. But a whole-of-government approach 

is required for effective integration with incident 
response, law enforcement, crisis management and 
international engagement processes.

10. Summary of Proposed Innovations to 
Make International Cyber Dispute ADR 
Faster, Cheaper, and More Effective

This study synthesized insights from scholar-
ly analysis, real-world cases, expert interviews and 
comparative legal research across BRICS nations to 
recommend tailored innovations improving cyber 
dispute ADR, summarized as follows:

1.	 Specialized procedural guidelines, model laws 
and cross-border enforcement mechanisms 
enabling courts to appropriately refer cyber ca-
ses to ADR.

2.	 Customized arbitration rules for cyber dispu-
tes addressing remote participation, electronic 
evidence collection, confidentiality protections 
and arbitrator technological competence requi-
rements.

3.	 Structured analytical frameworks guiding arbit-
ral tribunals to equitably determine applicable 
substantive law for international cyber disputes.

4.	 Independent hybrid ombudsman programs en-
hancing access to efficient remedies for under-
served victims of consumer cyber harms across 
jurisdictions.

5.	 Incentives promoting voluntary cross-border 
ADR adoption between corporations through 
subsidies, tax benefits, reputational advantages, 
preferential procurement and insurance dis-
counts.

6.	 Institutionalized international rapid cyber 
response capacities among intergovernmental 
bodies to de-escalate and constructively me-
diate emerging state-level conflicts before they 
intensify.

7.	 Mainstreaming of tailored and multi-mode 
ADR instruments within national cybersecu-
rity strategies, incident response protocols and 
capacity building programs.

Combined adoption of these mutually reinforcing 
innovations can significantly enhance the efficacy, legi-
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timacy, accessibility and enforceability of ADR mecha-
nisms for resolving the full spectrum of cyber disputes 
internationally. They represent starting points for furt-
her customization based on diverse cultural needs.

IV. DISCUSSION

A. IMPLICATIONS OF KEY FINDINGS ON 
EFFICACY OF EXISTING CYBER DISPUTE 
ADR APPROACHES

The comparative analysis of real-world cyber 
dispute ADR cases and scholarly perspectives on 
their effectiveness yielded several key implications:

Mediation, arbitration, ombuds and ODR are 
all viable alternatives to litigation for certain cyber 
dispute profiles, but careful selection and tailoring to 
case specifics is critical. No single approach domina-
tes across contexts.

Procedural adaptations around technology 
use, confidentiality, expert neutrals, and participant 
anonymity enable cyber ADR to overcome certain 
complexities inapplicable to traditional ADR. Howe-
ver, human facilitation remains essential.

The lack of harmonized laws and cybersecurity 
norms internationally hinders consistent substantive 
application by cyber ADR providers. Multi-disciplinary 
standards help fill gaps but require further consolidation.

Cyber ADR diversifies access to remedies for 
underserved groups like individuals and SMEs ac-
ross jurisdictions, but awareness challenges persist. 
Proactive promotion is needed.

Voluntary participation and self-determination 
make ADR approaches more constructive for pre-
serving relationships damaged by cyberattacks. But 
enforcement mechanisms are still required.

Capacity building around technical infrastruc-
ture, specialized expertise, and enforceability mec-
hanisms remains critical to unlocking ADR’s poten-
tial, especially among less resourced nations.

Overall, these findings demonstrate that cus-
tomized, ethically conducted cyber ADR processes 
can deliver significant advantages over litigation. But 
conscious improvements responding to the novel di-
mensions of cyber disputes are imperative.

B. POTENTIAL CHALLENGES AND CRITICISMS 
OF PROPOSED INNOVATIONS FOR CYBER 
DISPUTE ADR

This paper’s recommendations must be consi-
dered in light of certain limitations and critiques:

Weaker states may perceive mandated pre-ar-
bitration mediation in contracts as disproportiona-
tely favoring powerful corporate countersides with 
incentive to delay binding proceedings.

Revelation of sensitive information to third 
sides during expert appraisal could produce coun-
terproductive effects in complex multi-jurisdiction 
disputes.

Over-reliance on extra-legal codes of conduct 
in cyber ADR could dilute protections of legal rights 
and bypasses democratic oversight of emerging cy-
ber norms.

Institutionalization of standing intergovern-
mental cyber ADR risks dangerous assumptions of 
neutrality and democratization of UN bodies in geo-
politically contested cyberspace issues.

Automated AI-based cyber dispute resolution 
techniques could struggle with contextual human 
complexities. But neglecting such innovation also 
forfeits advantages.

Constructive critique is essential to improve the 
rigor and inclusiveness of design thinking around 
novel ADR practices. Further debate and empiri-
cal assessment of risks highlighted here would help 
strengthen eventual implementation.

C. LIMITATIONS OF FOCUSING RESEARCH 
SOLELY ON BRICS RATHER THAN GLOBAL 
ANALYSIS

While the BRICS context allowed more con-
centrated legal and cultural analysis, the exclusion 
of perspectives from North America, Europe, Afri-
ca, the Middle East and other Asian regions omits 
diverse insights that would enrich envisioning a 
multilaterally inclusive framework of cyber dispute 
resolution principles.

A comprehensive study encompassing additio-
nal advanced and emerging economies on all con-
tinents could have produced a more internationally 
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generalizable set of best practices for cyber dispute 
ADR. But the concentration on BRICS provides a 
useful starting reference point for further cross-cul-
tural dialogue and comparative assessment.

V. CONCLUSION

This study offered several contributions to 
scholarship and practice around enhancing the fa-
irness, effectiveness and accessibility of ADR as an 
alternative pathway for resolving the proliferation of 
cross-border cyber disputes:

A structured comparative analysis of cyber dis-
pute ADR cases and academic literature synthesizing 
knowledge on advantages, limitations, and appropri-
ate applications of various ADR techniques.

A set of tailored procedural and substantive re-
commendations to adapt different ADR mechanisms 
to the novel technological and geopolitical terrain of 
cyber disputes.

Future research agenda encompassing unresol-
ved questions on optimizing inclusive and democra-
tized global design of cyber dispute resolution sys-
tems.
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