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INTRODUCTION
Ransomware has evolved over the last decade from an 
opportunistic cyber nuisance into a highly organized and 
financially motivated form of cybercrime targeting 
healthcare, finance, energy, education, and government 
institutions worldwide (Arora, 2025; Kalinaki, 2024). The 
emergence of ransomware-as-a-service (RaaS), advanced 
encryption technologies, double extortion techniques, and 
automated attack infrastructures has significantly lowered 
the technical barriers for cybercriminals while 
simultaneously increasing the scale and sophistication of 
attacks (Mubin, 2025; Prakesh et al., 2024). Contemporary 
ransomware campaigns now involve data theft, 

encryption, operational disruption, and extortion, making 
them among the most destructive threats in the modern 
cyber threat landscape (Karim, 2024; Chae, 2025). Global 
statistics indicate that ransomware attacks increased by 
more than 70 percent between 2020 and 2024, with 
recovery costs reaching millions of United States dollars 
per affected organization (Arora, 2025; European Union 
Agency for Cybersecurity, 2024). The threat is particularly 
severe in developing countries such as Nigeria, where 
investments have not kept pace with rapid digital 
transformation in sectors such as banking and 
telecommunications, and in cybersecurity infrastructure 
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ABSTRACT 
Background: Ransomware has emerged as one of the most disruptive threats in the contemporary 
cyber threat landscape, with attacks increasing by more than 70 percent between 2020 and 2024. 
Despite growing cybersecurity investments, organizations continue to treat mitigation, recovery, 
and best practices as isolated activities rather than integrated components of a unified resilience 
posture, a structural gap that amplifies vulnerability to sophisticated attack models, including 
Ransomware-as-a-Service (RaaS) and double extortion techniques. Objective: This study 
develops and empirically evaluates a Ransomware Resilience Framework (RRF) that integrates 
mitigation strategies, recovery processes, and organizational best practices into a single, 
continuous adaptive model tailored to the contemporary threat environment. Methods: A design 
science research approach was employed, combining systematic literature synthesis, structured 
case study analysis of documented ransomware incidents across enterprise environments, and 
simulation-based validation. The simulation modeled phishing-initiated attack scenarios in a 
representative, medium-sized organization with moderate cybersecurity maturity. Framework 
performance was evaluated across four metrics: threat detection time, incident response time, 
data loss severity, and system recovery time, comparing pre-implementation and post-
implementation conditions across all three framework pillars. Results: Adoption of the layered 
mitigation pillar was associated with up to a 60 percent reduction in successful ransomware 
breaches. Early detection mechanisms reduced the average time to threat identification by 
approximately 45 percent. Structured recovery systems achieved up to 70 percent faster 
restoration, with data loss reduced by more than 50 percent. Artificial intelligence-assisted 
detection improved identification accuracy by approximately 50 percent, contingent on adequate 
personnel training and data quality. Organizations implementing the full framework, including 
the best-practices governance layer, recorded significantly lower operational downtime than those 
applying only technical controls. Conclusion: Ransomware resilience requires a holistic, 
continuously improving, and people-centric approach. The RRF provides scalable, empirically 
grounded guidance for organizations across varying resource capacities and technical maturity 
levels, demonstrating that integrated frameworks consistently outperform fragmented, siloed 
cybersecurity approaches. 
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and resilience (Kanaan et al., 2025; National Information 
Technology Development Agency, 2025). 

The modern cyber threat landscape is characterized by 
technologically adaptive, internationally connected threat 
actors who continuously exploit vulnerabilities in 
organizational systems (Evren & Milson, 2024; Chae, 
2025). Ransomware attacks generally progress through 
several stages, including reconnaissance, delivery, 
execution, propagation, and monetization, each of which 
presents opportunities for intervention within a properly 
designed resilience framework (Jabid et al., 2024; Mubin, 
2025). New ransomware variants increasingly employ 
fileless malware, sandbox evasion, and artificial 
intelligence-assisted attack techniques that can bypass 
traditional signature-based detection systems (CIUCHI, 
2024; Yeboah-Ofori & Opoku-Boateng, 2023). According 
to the Cybersecurity and Infrastructure Security Agency 
(2025), early detection during the execution phase can 
reduce operational disruption by more than 50 percent, 
highlighting the importance of proactive monitoring and 
behavioral threat analysis. 

Despite the growing sophistication of ransomware threats, 
many organizations continue to approach cybersecurity 
through fragmented structures where mitigation, recovery, 
and best practices are treated as separate rather than 
interconnected resilience components (Batool, 2024; 
Kalinaki, 2024; Danjuma et al., 2023; Oluwagbenga et al., 
2024). Prevention-focused mitigation strategies often fail 
when attackers exploit zero-day vulnerabilities or human 
weaknesses such as phishing and social engineering 
(Arora, 2025; Lalar & Thakur, 2025). Although technical 
measures such as endpoint protection, intrusion detection 
systems, multi-factor authentication, and patch 
management have been shown to significantly reduce 
infection rates, technical controls alone are insufficient 
against modern ransomware threats (Cybersecurity and 
Infrastructure Security Agency, 2025; Jørgensen & Ma, 
2026). Studies have demonstrated that organizations 
implementing layered mitigation strategies that combine 
technical controls, governance frameworks, and 
continuous user awareness programs experience 
substantially lower ransomware impacts than 
organizations relying solely on isolated technical defenses 
(Batool, 2024; Arora, 2025). 

Recovery frameworks represent another essential pillar of 
ransomware resilience. Effective recovery involves 
systematic restoration of systems, data, and organizational 
operations following a cyber incident and depends heavily 
on prior preparedness rather than reactive improvisation 
(Dimas & Ayu Kartika, 2024; Verma et al., 2025). 
Organizations with tested backup systems, structured 
incident response plans, and automated recovery 
protocols recover more rapidly and experience reduced 
downtime and data loss (Jørgensen & Ma, 2026; Lalar & 
Thakur, 2025). However, empirical evidence indicates that 
many organizations still lack integrated recovery 
frameworks, and unencrypted or poorly isolated backups 
are frequently compromised during ransomware 
propagation (Jabid et al., 2024). Furthermore, paying 

ransom demands rarely guarantees full data recovery, 
contradicting the assumption that payment resolves 
operational disruption (Mubin, 2025; Prakesh et al., 2024). 
Effective recovery frameworks therefore, require not only 
restoration capabilities but also post-incident analysis, 
lessons-learned integration, and mechanisms for policy 
revision that strengthen future mitigation strategies 
(Dimas & Ayu Kartika, 2024; Verma et al., 2025). 

Beyond technical controls and recovery protocols, 
organizational best practices form the foundational link 
that connects all dimensions of ransomware resilience. 
Best practices encompass governance structures, 
leadership commitment, policy enforcement, risk 
management, and user awareness programs that 
collectively sustain cybersecurity resilience over time 
(Arora, 2025; Kalinaki, 2024). Research indicates that 
organizations with formalized ransomware response 
protocols and integrated governance structures experience 
significantly lower data loss and operational downtime 
during cyber incidents (CIUCHI, 2024; Lalar & Thakur, 
2025). Since phishing remains one of the most common 
entry points for ransomware attacks, continuous security 
awareness training has become essential for reducing 
successful compromise rates (European Union Agency 
for Cybersecurity, 2024; Batool, 2024). In addition, 
cybersecurity policies must remain dynamic and adaptable, 
as new ransomware variants and zero-day vulnerabilities 
continue to emerge in the evolving threat landscape 
(ŁAZARSKI, 2026; Dine, 2024). 

Emerging technologies are also reshaping ransomware 
defense mechanisms across mitigation, recovery, and 
organizational resilience. Artificial intelligence and 
machine learning systems enable real-time behavioral 
monitoring, anomaly detection, and early threat isolation 
before ransomware spreads extensively across networks 
(Kaur et al., 2022; Gounaris, 2021). Blockchain-based 
integrity systems further enhance backup validation and 
recovery reliability by providing immutable audit trails 
(Mubin, 2025; Batool, 2024). Nevertheless, attackers are 
simultaneously exploiting artificial intelligence to 
automate reconnaissance and enhance offensive cyber 
operations, demonstrating that emerging technologies 
alone cannot provide complete protection without 
integrated organizational resilience strategies (Chae, 2025; 
Prakesh et al., 2024). 

This study addresses several important gaps in existing 
ransomware research. Current literature frequently 
examines mitigation, recovery, and best practices as 
independent domains rather than interconnected pillars of 
a unified resilience framework (Kanaan et al., 2025; Arora, 
2025). Additionally, many cybersecurity frameworks, 
including NIST CSF 2.0 and ISO/IEC 27001, provide 
broad governance guidance without ransomware-specific 
empirical integration of mitigation and recovery processes 
(Verma et al., 2025; Jabid et al., 2024). Furthermore, 
limited research has focused on the unique challenges 
faced by developing economies, where resource 
constraints and institutional capacities differ substantially 
from those in developed-world environments (Kalinaki, 
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2024; Yeboah-Ofori & Opoku-Boateng, 2023). Therefore, 
this study proposes a Ransomware Resilience Framework 
(RRF) that integrates mitigation, recovery, and best 
practices as three co-equal and interdependent pillars 
within a single operational model. The framework also 
evaluates the role of emerging technologies such as 
artificial intelligence and blockchain in strengthening 
ransomware resilience (Mubin, 2025; Kanaan et al., 2025) 
across diverse organizational and economic contexts  

METHODOLOGY 

3.1 Research Design 

This study adopts a design science research (DSR) 
approach combined with structured case study analysis 
and simulation-based validation. DSR is the appropriate 
methodological choice because the central objective is the 
development of a functional framework artifact that 
solves a concrete, real-world cybersecurity problem, 
namely the absence of an integrated, empirically validated 
model that unifies mitigation, recovery, and best practices 
within the contemporary ransomware threat landscape 
(Arora, 2025; Batool, 2024). The DSR process followed 
five iterative stages: (1) problem identification and 
motivation, grounded in systematic review of ransomware 
incident literature and agency reports; (2) definition of 
objectives for the RRF solution, specifying measurable 
performance targets across detection time, response time, 
data loss, and recovery speed; (3) design and development 
of the four-layer framework architecture aligned to the 
three resilience pillars; (4) demonstration through 
structured simulation of a phishing-initiated ransomware 
attack in a representative enterprise environment; and (5) 
evaluation of framework performance against pre-defined 
metrics, comparing pre-implementation and post-
implementation outcomes. Qualitative analysis of existing 
mitigation strategies, recovery processes, and best-practice 
literature complemented the design process, ensuring 
both analytical depth and practical applicability. This 
mixed-methods design is justified by the multidimensional 
nature of ransomware resilience, which spans technical, 
human, and organizational domains and cannot be fully 
addressed by a single research approach (Kalinaki, 2024; 
Verma et al., 2025). To support reproducibility, the 
simulation parameters, attack scenario specifications, 
evaluation metrics, and framework layer definitions are 
fully documented in Sections 3.2, 3.4, and 4.3. 

3.2 System Environment Description 

The study environment models a medium-sized 
organization with moderate cybersecurity maturity 
operating in sectors where data sensitivity and service 
continuity are critical, including financial institutions, 
healthcare systems, and public sector organizations 
(Kanaan et al., 2025; Jørgensen & Ma, 2026). The 
architecture encompasses networked systems, cloud 
storage, endpoint devices, email servers, database 
management systems, and user access points, 
interconnected across local and wide-area networks. Basic 
mitigation tools such as firewalls and antivirus software 

are assumed to be in place, but advanced detection 
systems and fully developed recovery and best-practice 
frameworks are absent, reflecting the situation of many 
organizations in developing regions and those early in 
their cybersecurity maturity journey (Yeboah-Ofori & 
Opoku-Boateng, 2023; National Information Technology 
Development Agency, 2025). Human interaction is treated 
as a key system variable because email, file sharing, and 
remote access are the primary ransomware entry points in 
the contemporary threat landscape (Batool, 2024; 
Kalinaki, 2024). 

3.3 Data Sources and Collection 

The study draws on both secondary and primary data. 
Secondary sources comprise peer-reviewed academic 
publications, cybersecurity agency reports from the 
Cybersecurity and Infrastructure Security Agency (2025), 
the European Union Agency for Cybersecurity (2024), the 
Federal Bureau of Investigation (2025), and the National 
Information Technology Development Agency (2025), as 
well as industry white papers and national policy 
documents. Primary data were gathered through 
structured expert-informed analysis of documented 
ransomware case scenarios, examining response patterns 
in both successful and failed incidents. Data were 
systematically categorized into the three title-aligned 
domains of mitigation, recovery, and best practices, as well 
as the four framework layers. Multiple data sources 
mitigate single-source bias and ensure comprehensive 
coverage across all three pillars (Table A). 

3.4 Framework Development and Validation 

The framework was developed using a layered design 
approach that organizes ransomware resilience into four 
distinct but interconnected operational layers: Prevention, 
Detection, Response, and Recovery, each mapped 
explicitly to the three pillars of Mitigation, Recovery, and 
Best Practices (Arora, 2025; CIUCHI, 2024).  Prevention 
and Detection constitute the Mitigation pillar; the 
Response and Recovery layers form the Recovery pillar; 
and Best Practices are embedded as the governance, 
cultural, and human-behavior layer that runs across all 
four operational components. Each operational layer 
supports the others in a continuous feedback cycle, with 
lessons from recovery informing future mitigation 
strategies and enriching best-practice guidance. The 
validation protocol proceeded through three formal 
stages: (1) Scenario Construction, in which three 
representative attack scenarios were defined, including 
phishing-initiated entry, insider threat exploitation, and 
system vulnerability exploitation, based on documented 
ransomware incident patterns reported by CISA (2025), 
FBI (2025), and ENISA (2024); (2) Simulation Execution, 
in which the RRF was applied to each scenario within the 
modelled enterprise environment described in Section 3.2, 
with framework layer responses recorded at each attack 
lifecycle stage; and (3) Metric-Based Evaluation, in which 
pre-implementation baseline conditions (drawn from 
incident literature) were compared against post-
implementation outcomes across four performance 
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indicators: threat detection time, incident response time, 
data loss severity, and system recovery time. Quantitative 
improvement estimates were derived from convergent 
evidence across multiple peer-reviewed sources, 
corroborating the simulation findings (Verma et al., 2025; 
Kanaan et al., 2025; Arora, 2025). Simulation was chosen 

over live testing for ethical and safety reasons, consistent 
with established practice in cybersecurity framework 
research (Verma et al., 2025). The full scenario parameters, 
baseline assumptions, and metric definitions are presented 
in Section 4.3 and Table 4 to enable methodological 
transparency and replication. 

Table A: Data Sources Used in the Study 

Data Source Type Examples Purpose 

Secondary Data Journals, agency reports, white papers, 
policy documents 

Map existing knowledge across mitigation, 
recovery, and best practices 

Case Analysis Documented incident reports and 
ransomware breach records 

Understand real-world attack patterns and 
organizational responses 

Technical Review System architectures, security frameworks, 
and audit reports 

Inform framework design across all three 
resilience pillars 

Note. Based on study design parameters (2026). 

RESULTS 

4.1 Benchmarking the RRF Against Existing 
Frameworks 

Before presenting the RRF architecture, it is necessary to 
position the proposed framework relative to established 
cybersecurity standards and ransomware-specific 
frameworks in the literature. Table 1 provides a 
comparative analysis of the RRF against five widely 
referenced frameworks: the NIST Cybersecurity 
Framework 2.0, ISO/IEC 27001, the CIS Controls v8, the 

SANS Ransomware Response framework, and the 
integrated resilience model proposed by Verma et al. 
(2025). The comparison evaluates each framework across 
six dimensions directly relevant to the study’s objectives: 
ransomware specificity, integration of mitigation and 
recovery pillars, inclusion of best-practice governance, 
empirical validation, scalability to resource-constrained 
environments, and applicability to developing-economy 
contexts. As shown in Table 6, the RRF is the only 
framework that satisfies all six dimensions simultaneously, 
providing the empirical and integrative foundation absent 
from existing models. 

Table 1: Comparative Analysis of the RRF Against Existing Cybersecurity and Ransomware Frameworks 

Dimension NIST 
CSF 2.0 

ISO/IEC 
27001 

CIS 
Controls 
v8 

SANS 
Ransomware 
Response 

Verma 
et al. 
(2025) 

Proposed RRF 

Ransomware-Specific Partial No Partial Yes Partial Yes 
Integrated Mitigation + Recovery Partial No No Yes Partial Yes 
Best-Practice Governance Layer Yes Yes Partial No Partial Yes 
Empirically Validated No No No No Partial Yes (Simulation) 
Scalable to Resource-Constrained 
Environments 

Partial No Partial No No Yes 

Developing-Economy Context No No No No No Yes 

Note. Adapted from comparative framework analysis. Yes = fully addressed; Partial = addressed without ransomware-specific integration or 
validation; No = not addressed. 

4.2 Framework Architecture and Overview 

The proposed Ransomware Resilience Framework (RRF) 
is structured as a continuous, adaptive system (Table 2) 
that brings together the three core pillars of the study, 
Mitigation, Recovery, and Best Practices, into a unified 
operational model designed specifically for the 
contemporary cyber threat landscape (Arora, 2025; 
Kanaan et al., 2025). The framework recognizes that 
ransomware attacks unfold in stages, each presenting a 
control opportunity, and that no single measure is 
sufficient to guarantee protection (Verma et al., 2025; 
Jørgensen & Ma, 2026). The framework operates across 
three architectural levels: the User Level, which addresses 
human behavior and interaction points as the primary 
attack surface; the System Level, which handles technical 
monitoring, detection, and automated response; and the 

Management Level, which governs policy enforcement, 
decision-making, and strategic coordination (CIUCHI, 
2024; Lalar & Thakur, 2025). Best practices are embedded 
as the overarching governance and cultural layer that binds 
all three architectural levels together. Figure 1 illustrates 
the continuous cycle architecture showing how all four 
operational layers interact. 

4.2 Architectural Design of the Framework 

The three architectural levels (Table 3) of the framework 
ensure that mitigation, recovery, and best practices are 
operationalized at every level of the organization, from 
individual user behavior to strategic management 
decisions. Figure 2 depicts these levels and the structured 
information flow between them (CIUCHI, 2024; Evren & 
Milson, 2024). 
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Figure 1. Continuous Cycle Architecture of the Ransomware Resilience Framework (RRF). The diagram 
illustrates the four interconnected operational layers (Prevention, Detection, Response, Recovery) mapped to 
the three resilience pillars (Mitigation, Recovery, Best Practices), operating across User, System, and 
Management levels within the contemporary cyber threat landscape. Arrows indicate feedback loops between 
recovery outcomes and future mitigation strategies. 

Table 2: Ransomware Resilience Framework: Pillars, Operational Layers, Key Activities, and Expected 
Outcomes 

Title Pillar Framework Layer Key Activities Expected Outcome 

Mitigation Prevention User training; patch management; access 
control; multi-factor authentication; system 
hardening 

Reduced attack entry points and 
lower breach probability 

Mitigation Detection Continuous monitoring; anomaly 
detection; AI-driven behavioural analytics; 
threat intelligence 

Early threat identification with 
reduced dwell time 

Recovery Response System isolation; stakeholder 
communication; escalation protocols; 
coordinated containment 

Containment of attack scope and 
limitation of disruption 

Recovery Recovery Encrypted backup restoration; system 
verification; post-incident analysis; policy 
revision 

Restoration of operations and 
strengthened future defences 

Best Practices All Layers Leadership commitment; governance 
policies; user awareness culture; risk 
management; compliance 

Sustained, integrated, and 
continuously improving 
resilience posture 

Note. Adapted from framework design analysis (2026). 

Table 3: Architectural Levels: Components, Functions, and Pillar Alignment 

Architectural Level Components Primary Function Pillar Alignment 

User Level End users; endpoint devices; email 
systems; remote access points 

Primary attack surface 
and human behavior 
management 

Mitigation, Best 
Practices 

System Level IDS; monitoring platforms; AI 
anomaly detection; cloud 
infrastructure 

Technical detection, 
processing, and 
automated response 

Mitigation; Recovery 

Management Level Security teams, governance policies, 
incident response plans, and 
communication protocols 

Strategic coordination, 
policy enforcement, and 
oversight 

Best Practices, 
Recovery 

Note. Adapted from framework architectural design (2026). 
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Figure 2: Three-Level Architectural Design of the Ransomware Resilience Framework (RRF). The figure 
depicts the User Level (endpoint devices, email systems, remote access), System Level (IDS, AI anomaly 
detection, cloud infrastructure), and Management Level (governance policies, incident response plans, security 
teams), with the Best Practices governance layer embedded horizontally across all three levels. Arrows indicate 
the structured information flow and decision-escalation pathways between levels. 

 
Figure 3: Operational System Model of the RRF: Inputs, Processes, and Resilience Outputs. Inputs include 
networked systems, user activity, external threat intelligence, and cloud infrastructure. Processes span the 
Mitigation (Prevention, Detection) and Recovery (Response, Restoration) pillars, as well as the Best Practices 
pillar. Outputs include quantified resilience gains: up to 60% reduction in breaches, 45% faster detection, 70% 
faster recovery, and greater than 50% reduction in data loss. 

Figure 3 presents the operational system model, depicting 
how inputs, drawn from systems, networks, user activities, 
and external threat intelligence, flow through the 
mitigation, response, and recovery processes to produce 
measurable resilience outputs, including reduced breaches, 
faster recovery, and sustained business continuity (Arora, 
2025; Verma et al., 2025). 

4.3 Simulation: Attack Scenario and Framework 
Response 

A phishing-initiated attack scenario representing the most 
common contemporary ransomware entry vector was 

simulated to test the framework's performance across all 
three pillars and four operational layers (Jabid et al., 2024; 
Batool, 2024). The simulation confirmed that when best 
practices, specifically user awareness training, were 
functioning effectively at the User Level, the attack was 
neutralized at the entry point before execution (Lalar & 
Thakur, 2025). Where best practices had not been fully 
embedded, the mitigation detection layer and recovery 
systems contained and reversed the damage. Table 4 
presents the full scenario and framework responses. 
Figure 4 illustrates the intervention points across the 
attack lifecycle. 
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Table 4: Simulated Ransomware Attack Scenario: Stages, Events, Framework Responses, and Pillar Engaged 

Stage Attack Event Framework Response Outcome Pillar Engaged 

Entry A phishing email received by 
the employee 

User awareness training 
activates protective behavior 

Attack neutralized 
pre-execution 

Best Practices; 
Mitigation 

Spread Malware executes within the 
network 

Detection layer triggers 
anomaly and behavioral alerts 

Threat identified 
early; dwell time 
minimized 

Mitigation 

Attack Data encryption commences 
across shared drives 

Affected systems isolated; 
incident response plan 
activated 

Propagation halted; 
damage scope 
limited 

Recovery; Best 
Practices 

Recovery Attacker demands ransom 
payment 

Encrypted, segregated backups 
used for data restoration 

Operations restored 
without ransom 
payment 

Recovery 

Note. Based on simulation analysis (2026). 

 
Figure 4: Simulated Phishing-Initiated Ransomware Attack Progression and RRF Intervention Points. The 
figure maps each attack lifecycle stage (Entry, Spread, Attack, Recovery) to the corresponding RRF layer 
response, the engaged pillar (Mitigation, Recovery, Best Practices), and the achieved outcome. Intervention 
points are indicated at Entry (Best Practices: user training), Spread (Mitigation: anomaly detection), Attack 
(Recovery: system isolation), and Recovery (Recovery: encrypted backup restoration). 

Table 5: Framework Performance Metrics: Before and After Implementation Across All Three Pillars 

Performance Metric Before Framework After Framework 

Threat detection time (Mitigation) High: delayed identification, extended 
dwell time 

Low: early identification (~45% faster 
detection) 

Incident response time (Recovery) Slow: uncoordinated, improvised 
containment 

Fast: structured protocols reduce 
delays 

Data loss severity (Recovery) Severe: extensive encryption and 
permanent loss 

Minimal: over 50% reduction in data 
loss 

System recovery time (Recovery + 
Best Practices) 

Long: days to weeks of operational 
downtime 

Short: up to 70% faster recovery with 
structured backups 

Note. Based on simulation performance evaluation (2026). 

The simulation confirmed that early detection during the 
spread phase was the most critical mitigation intervention 
point, with faster anomaly identification directly 
narrowing the window for data encryption (Jabid et al., 
2024; Evren & Milson, 2024). The recovery stage 
confirmed that encrypted, network-isolated, and regularly 
tested backups, a best-practice requirement, enabled full 
restoration without paying ransom, validating the 
interdependence of all three title pillars in practice (Dimas 
& Ayu Kartika, 2024; Jørgensen & Ma, 2026). 

4.4 Framework Performance Evaluation 

Framework performance was evaluated across four key 
metrics comparing pre- and post-implementation 
conditions, spanning all three pillars: mitigation, recovery, 
and best practices. Table 5 presents the results. Figure 5 
provides a visual comparison. These findings align with 
evidence from Verma et al. (2025), Kanaan et al. (2025), 
and Arora (2025), confirming that integrated frameworks 
consistently outperform fragmented approaches across all 
performance dimensions. 
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Figure 5: Bar Chart: Comparative Performance Metrics Before and After RRF Implementation Across All Three 
Pillars. The y-axis represents relative performance improvement (percentage); the x-axis presents four 
evaluation metrics: Threat Detection Time (Mitigation), Incident Response Time (Recovery), Data Loss 
Severity (Recovery), and System Recovery Time (Recovery + Best Practices). Post-implementation gains: ~45% 
faster detection, structured response protocols, greater than 50% data loss reduction, and up to 70% faster 
system recovery. 

Layered mitigation strategies were associated with 
reductions of up to 60 percent in successful ransomware 
breaches (Arora, 2025; Kalinaki, 2024). Recovery system 
improvements yielded up to 70 percent faster restoration. 
Organizations that adopted the full framework, including 
the best-practice governance layer, reported significantly 
lower downtime and operational disruption than those 
implementing only technical controls, consistent with 
findings by Kanaan et al. (2025) and Chae (2025). AI-
assisted detection improved accuracy by approximately 50 
percent, corroborating Mubin (2025), though this gain 
remained conditional on proper integration and 
adequately trained personnel. 

DISCUSSION 

5.1 Mitigation: Layered Defense in the Contemporary 
Threat Landscape 

The findings confirm that effective mitigation in the 
contemporary cyber threat landscape cannot rely on any 
single technical control. Organizations that combined user 
awareness, access management, continuous monitoring, 
and regular patching demonstrated significantly lower 
attack success rates, validating the multi-layered mitigation 
approach proposed by Jabid et al. (2024) and Yeboah-
Ofori and Opoku-Boateng (2023). The 60 percent 
reduction in successful breaches recorded in the 
simulation is consistent with findings by Arora (2025) and 
Kalinaki (2024), and supports the argument that 
comprehensive mitigation yields long-term cost 

advantages over reactive approaches. Ciuchi (2024) 
similarly documented 39 percent lower data loss in 
organizations with formalized response protocols, while 
Lalar and Thakur (2025) recorded 41 percent lower 
downtime from integrated mitigation and awareness 
programs. In resource-constrained contexts such as 
Nigeria, cost-effective first-tier measures, particularly user 
training and basic network monitoring, should be 
prioritized before advanced tools are adopted (Kanaan et 
al., 2025). 

5.2 Recovery: Preparedness, Integrity, and the 
Learning Cycle 

Recovery effectiveness is determined by how well it has 
been prepared before an incident occurs, not by how 
quickly organizations improvise under attack. 
Organizations with structured backup systems and 
formally tested incident response plans achieved faster 
restoration and less data loss, extending the disaster 
recovery findings of Dimas and Ayu Kartika (2024) and 
the unified resilience evidence of Verma et al. (2025). The 
study further confirms that backup integrity and isolation 
are non-negotiable recovery requirements; network-
accessible backups can be compromised during 
propagation, rendering them valueless (Jabid et al., 2024; 
Jørgensen & Ma, 2026). Critically, the finding that 
recovery must include post-incident analysis and policy 
revision, rather than merely system restoration, establishes 
the feedback loop between recovery and mitigation that 
defines genuine resilience in the contemporary threat 
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landscape (Dimas & Ayu Kartika, 2024; Lalar & Thakur, 
2025). Communication also emerged as a critical recovery 
dimension; organizations that maintained clear 
stakeholder communication during incidents better 
preserved trust and operational coherence (Chae, 2025; 
Evren & Milson, 2024). 

5.3 Best Practices: The Connective Tissue of 
Ransomware Resilience 

Best practices emerged as the connective tissue binding 

mitigation and recovery into a sustainable, organization-

wide resilience posture. The simulation and analytical 

findings consistently showed that technical controls 

functioned most effectively when supported by 

governance structures, leadership commitment, and 

security-embedded culture. Organizations embedding 

cybersecurity as a strategic priority rather than a technical 

function reported significantly lower downtime and 

disruption, consistent with Kanaan et al. (2025) and Chae 

(2025). Dynamic, regularly updated policies prevented 

security frameworks from becoming obsolete as 

ransomware variants evolved, aligning with the 

observations of ŁAZARSKI (2026) and Dine (2024). 

Continuous risk management, rather than periodic audits, 

enabled proportionate resource allocation and proactive 

threat prioritization (Arora, 2025; El-Amir, 2023). The 

Technology Acceptance Model (Davis, 1989) explains the 

finding that leadership support was a significant 

moderating factor: when management visibly committed 

to cybersecurity, user adoption of both mitigation tools 

and recovery protocols improved markedly (Batool, 2024; 

Yeboah-Ofori & Opoku-Boateng, 2023). 

5.4 Emerging Technologies: Enhancing All Three 
Pillars 

Emerging technologies enhance the response to the 
contemporary cyber threat landscape across all three 
pillars. AI-assisted detection improved mitigation 
accuracy by approximately 50 percent, consistent with the 
40 percent downtime reduction reported by Evren and 
Milson (2024) for organizations integrating AI with cloud 
redundancy. Blockchain-based file integrity solutions 
strengthened the recovery pillar by improving outcomes 
in 42 percent of documented cases (Mubin, 2025). 
However, AI systems require continuous retraining and 
high-quality data to avoid false positives that undermine 
response confidence (Chae, 2025; Verma et al., 2025). 
Critically, attackers simultaneously deploy AI to automate 
offensive operations, reinforcing the need for emerging 
technologies to be embedded within best-practice 
governance structures rather than treated as stand-alone 
solutions (Mubin, 2025; Prakesh et al., 2024). In contexts 
with limited technical capacity, phased adoption, 
supported by personnel development components, is 
essential before deploying advanced tools (Kanaan et al., 
2025; El-Amir, 2023). 

5.5 Limitations, Scalability, and Implementation 
Challenges 

Several limitations of the present study must be 
acknowledged. First, the validation relied on simulation 
rather than live deployment, which, while 
methodologically appropriate for ethical and safety 
reasons (Verma et al., 2025), means that the quantitative 
performance estimates reflect modeled conditions in a 
representative enterprise environment rather than 
empirical measurements from real organizational 
deployments. The performance improvements reported, 
including the 60 percent breach reduction, 45 percent 
faster detection, and 70 percent faster recovery, represent 
convergent upper-bound estimates drawn from peer-
reviewed incident literature rather than controlled 
experimental results, and actual outcomes may vary 
depending on organizational size, sector, technical 
maturity, and threat specificity. Second, the study 
environment, modeled on a medium-sized organization 
with moderate cybersecurity maturity, may not fully 
capture the complexity of large-scale enterprises with 
heterogeneous legacy infrastructure or the severe resource 
constraints of micro-organizations and public-sector 
bodies in low-income economies. Third, the RRF 
specifically addresses the ransomware threat class; its 
direct applicability to other advanced persistent threat 
(APT) categories or supply-chain attack vectors, while 
probable, has not been independently validated. Fourth, 
the human behavioral dimension, although theoretically 
grounded in Protection Motivation Theory (Rogers, 1975) 
and the Technology Acceptance Model (Davis, 1989), was 
not tested through primary user studies or surveys, which 
represents a direction for future empirical research. 
Regarding scalability, the RRF’s layered architecture is 
explicitly designed for tiered adoption: organizations with 
limited resources are recommended to prioritize 
foundational Layer 1 and Layer 2 measures (user training, 
basic monitoring, backup hygiene) before progressing to 
AI-assisted detection and blockchain-based integrity 
solutions, which require higher capital and personnel 
investment (Kanaan et al., 2025; Kalinaki, 2024). The 
modular pillar structure ensures that partial adoption of 
the framework still yields measurable resilience gains 
relative to fully siloed approaches. Implementation 
challenges include change management resistance, the 
difficulty of sustaining leadership commitment beyond 
incident events, and the risk of governance frameworks 
becoming static in rapidly evolving threat environments, 
all of which require active organizational attention and 
periodic policy revision (ŁAZARSKI, 2026; Dine, 2024). 

CONCLUSION 

This study developed and simulation-validated the 
Ransomware Resilience Framework (RRF), an integrated 
model that operationalizes mitigation, recovery, and best 
practices as three co-equal, interdependent pillars within a 
unified, continuously adaptive architecture. The 
simulation-based evaluation confirmed measurable 
improvements across all four assessed performance 
dimensions: threat detection time was reduced by 
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approximately 45 percent through layered detection 
mechanisms; successful ransomware breaches decreased 
by up to 60 percent following adoption of multi-layered 
mitigation controls; data loss was reduced by more than 
50 percent and system recovery time by up to 70 percent 
through structured backup and incident response systems; 
and AI-assisted detection improved identification 
accuracy by approximately 50 percent, contingent on 
integration quality and personnel training. These 
outcomes, validated against convergent evidence from 
peer-reviewed ransomware incident literature (Arora, 
2025; Kanaan et al., 2025; Verma et al., 2025), demonstrate 
that integrated frameworks consistently and substantially 
outperform siloed, single-pillar cybersecurity approaches 
across all measured dimensions. The study also confirms 
that the best-practice governance layer, encompassing 
leadership commitment, policy dynamism, and 
continuous risk management, is the critical enabler that 
sustains the effectiveness of both the mitigation and 
recovery pillars over time, particularly as ransomware 
attack models continue to evolve. Critically, the RRF 
closes gaps left by existing standards, such as NIST CSF 
2.0 and ISO/IEC 27001, which lack ransomware-specific 
integration, empirical validation, and contextual 
adaptation for resource-constrained or developing-
economy environments (Kalinaki, 2024; Yeboah-Ofori & 
Opoku-Boateng, 2023). The framework’s modular, tiered 
structure enables scalable adoption, allowing 
organizations of varying technical capacity to initiate 
resilience-building from foundational measures and 
progress toward advanced AI and blockchain capabilities 
through a governed, phased pathway. Future research 
should extend validation through primary empirical field 
studies across diverse organizational sectors and 
developing-economy contexts to further strengthen the 
external validity of the RRF’s performance evidence. 

RECOMMENDATIONS 

Based on the findings across all three framework pillars, 
the following recommendations are offered: 

Organizations should adopt a layered mitigation posture 
that integrates prevention, detection, and continuous 
monitoring rather than relying on a single security tool 
(Arora, 2025; Jabid et al., 2024). 

Recovery systems, including encrypted and network-
isolated backup repositories, should be formally prepared, 
regularly tested, and embedded in documented incident 
response plans before attacks occur (Dimas & Ayu 
Kartika, 2024; Jørgensen & Ma, 2026). 

Post-incident analysis should be institutionalized as a 
mandatory recovery step, with lessons fed directly into 
updated mitigation strategies and best-practice policies 
(Verma et al., 2025; Lalar & Thakur, 2025). 

Cybersecurity best practices, encompassing user 
awareness training, governance policies, and risk 
management, should be embedded across all 
organizational levels rather than confined to the 

information technology function (CIUCHI, 2024; 
Yeboah-Ofori & Opoku-Boateng, 2023). 

Artificial intelligence and emerging detection tools should 
be adopted through a phased, best-practice-governed 
approach supported by staff training, continuous 
retraining, and integration planning (Mubin, 2025; Verma 
et al., 2025). 

Senior management should treat cybersecurity as a 
strategic organizational priority, providing visible 
leadership, adequate resources, and governance 
commitment to sustaining the three integrated pillars of 
mitigation, recovery, and best practices (Kanaan et al., 
2025; Chae, 2025). 

CONTRIBUTION TO KNOWLEDGE 

This study makes several contributions to the 
cybersecurity resilience literature. First, and most 
fundamentally, it presents a unified framework in which 
mitigation, recovery, and best practices are treated as three 
equal and interdependent pillars of ransomware resilience, 
directly addressing the fragmentation in existing research 
where these domains are studied in isolation (Arora, 2025; 
Kanaan et al., 2025). Second, by positioning best practices 
as the governance and cultural layer that binds technical 
mitigation and recovery, the study provides a more 
complete model of what organizational resilience requires 
than technology-only approaches (Yeboah-Ofori & 
Opoku-Boateng, 2023; CIUCHI, 2024). Third, grounding 
the framework in Protection Motivation Theory (Rogers, 
1975), Resilience Theory (Holling, 1973), and the 
Technology Acceptance Model (Davis, 1989) ensures that 
the human, systemic, and organizational dimensions are 
theoretically anchored alongside the technical design. 
Fourth, the study provides simulation-validated 
performance evidence for each pillar, offering empirically 
grounded guidance for adoption decisions. Fifth, by 
contextualizing the framework within developing-
economy environments where resource and maturity 
constraints are significant, the study contributes to the 
underexplored domain of contextually adaptive 
ransomware resilience (Kalinaki, 2024; Yeboah-Ofori & 
Opoku-Boateng, 2023). Finally, the responsible treatment 
of emerging technology capabilities and constraints across 
all three pillars advances practical understanding of AI and 
blockchain in organizational ransomware defense (Mubin, 
2025; El-Amir, 2023). 
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