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Abstract

The increasing rate and complexity of the cyber threats have further reinforced the importance of
software resilience as one of the key dimensions of organizational security. The historical
approaches to quality assurance (QA) have been mainly aimed at the assurance of functional
accuracy and performance effectiveness, but the contemporary security environment requires a
wider outlook that involves the notion of resilience and incident response preparedness as
quantifiable results of quality assurance activities. This paper examines the QA-based approach to
assessing the resilience of software with consideration given to cybersecurity response to incidents.
With the alignment of fault tolerance testing, penetration and stress testing, error detection testing
and automated response testing probes and QA methodologies in place, the framework offers an
ordered way of testing how well software systems can endure, adapt and recover to security
incidents. The examples of high-profile cyber incidences within recent cases reveal the loopholes
that present themselves when resilience is not incorporated into the QA cycles and the importance
of resilience metrics as a proactive defence. It is discussed in terms of the two-fold advantage that
resilience testing adds to QA pipelines: it improves the organizational ability to respond to a
hazard, and it allows improvement to continue indefinitely, as performance metrics allow gauging
its performance. The obstacles, including resource allocation, the changing threat vectors, and the
necessity of the cross-disciplinary cooperation, are recognized, as well as the possibilities of
introducing the resilience metrics into the DevSecOps work practices. Finally, the paper suggests
redefining QA as not a technical gatekeeper, but as a strategic facilitator of cybersecurity
resiliency, which can provide organizations with a viable pathway on the way to more efficient

incident response preparedness.
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I. Introduction

The security of software systems has become a focal point in case of increasingly growing
cybersecurity threats. Software vulnerabilities are now a major target of malicious actors as
organizations tend to use interconnected applications, cloud infrastructures, and digital platforms.
Cyber-attacks like data breaches, ransomware attacks, and supply chain attacks point to the
fallibility of software as well as the organizational issues of identifying, containing, and recovering
after they occur (Shackelford, 2020). Software resilience as the capacity of systems to resist, adapt
to and recover after unfavorable cyber-attacks in this environment has ceased to be a luxury
characteristic to having systems that are resilient, but is now a mandatory aspect to organizational

persistence (Laprie, 2008; Alhazmi and Malaiya, 2019).

Quality assurance(QA) within the sphere of software engineering has been traditionally concerned
with checking functional accuracy, performance efficiency and usability. But, these traditional QA
initiatives do not often include systematic assessments of resilience and incident response
preparedness (Avizienis et al., 2004). Due to the increased complexity of the cyberattacks, QA
should go beyond the functional tests to resilience-focused testing plans, such as fault injection,
penetration testing, and automated incident response testing (Okutan and Yilmaz, 2020). This
change is part of a wider trend of integrating security and resilience into all stages of the software

development lifecycle, along with DevSecOps ideas (Rahman and Williams, 2016).

This paradigm shift is further enhanced by the significance of incident response readiness (IRR).
IRR is a set of capabilities an organization has to identify, respond and recover following cyber
incidents effectively, to minimize downtime and damage (ENISA, 2020). In the instances where
QA practices are clearly correlated with IRR goals, software systems are not only functionally
sound, but also strategically positioned to enable a quick recovery. This can be integrated to allow
organizations to quantify resilience using measurable metrics, and this will be the way to close the
divide between technical validation and cybersecurity preparedness. Consequently, redefining QA
as a resilience measure generator offers a viable avenue to enhancing the integrity of the system
and resilience posture of the organizations.
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Il. Conceptual Background

2.1 Software Resilience

Software resilience refers to the ability of a system to withstand disruptions, adapt to adverse
events, and recover its essential functions within an acceptable timeframe. Unlike traditional
measures of reliability that emphasize preventing failure, resilience focuses on sustaining
operations during and after incidents, thereby ensuring continuity of service (Hollnagel, Woods, &
Leveson, 2006). In cybersecurity, resilience extends beyond technical robustness to include
organizational preparedness, detection speed, containment efficiency, and adaptive recovery
strategies (Linkov & Kott, 2019). A resilient software system must anticipate potential
vulnerabilities, absorb the impact of attacks, and rapidly reconfigure itself to maintain critical

operations.
2.2 Quality Assurance and Security

Quality assurance (QA) is historically associated with defect detection, performance testing, and
compliance verification in the software development lifecycle. However, modern security contexts
demand a shift: QA must also validate resilience capabilities. By embedding security-focused tests
such as penetration testing, chaos engineering, and automated recovery drills QA becomes an
active mechanism for stress-testing systems under realistic threat conditions (Shostack, 2014). In
this sense, QA contributes not just to product quality, but also to organizational risk management
by identifying weaknesses in incident response workflows before real-world attacks exploit them
(Alderson, 2019).

2.3 Incident Response Readiness (IRR)

Incident response readiness (IRR) is defined as an organization’s capacity to detect, analyze,
contain, and recover from security incidents in a timely and effective manner (National Institute of
Standards and Technology [NIST], 2018). Traditional IR frameworks emphasize governance,
playbook design, and training, but often lack integration with software testing cycles. Bridging QA
with IRR enables simulation-driven validation of playbooks, automated detection-response loops,

and resilience metrics that can quantify preparedness (ENISA, 2020). This integration ensures that
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readiness is not a static compliance exercise but a dynamic, measurable capability aligned with

evolving threats.
2.4 Resilience as a Measurable Attribute

Recent literature emphasizes the need to treat resilience as a quantifiable attribute of software
systems, similar to reliability or performance (Sterbenz et al., 2010). Metrics such as mean time to
detect (MTTD), mean time to respond (MTTR), recovery time objectives (RTOs), and containment
efficiency are increasingly adopted to benchmark readiness (Ponemon Institute, 2020). When
embedded in QA cycles, these indicators allow organizations to move from reactive defense to
proactive assurance, ensuring that resilience is continuously tested and improved as part of

development and deployment pipelines.

Taken together, these conceptual underpinnings highlight that resilience is not an incidental
property but a designed, tested, and measurable outcome of robust QA practices. By positioning
QA as a bridge between software engineering and cybersecurity strategy, organizations can embed

resilience into their development lifecycle and ensure readiness for inevitable cyber incidents.

I1l. QA Metrics for Measuring Resilience

Measuring software resilience requires a set of quantifiable and repeatable metrics embedded
within the Quality Assurance (QA) process. Unlike traditional QA, which emphasizes functionality
and defect detection, resilience-focused QA metrics assess a system’s ability to withstand
disruptions, recover functionality, and maintain continuity in the face of cyber incidents (Alhazmi
& Malaiya, 2018; Linkov et al., 2019). These metrics provide actionable insights into how
prepared an organization’s software systems are for real-world incident response scenarios. The

following categories define core QA metrics for resilience.

3.1 Fault Tolerance and Recovery Metrics

Fault tolerance tests evaluate the ability of software systems to continue operating during a failure
and recover after disruptions. Two key metrics are Recovery Time Objective (RTO) and Recovery
Point Objective (RPO):
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e RTO measures the maximum acceptable time a system can remain offline before recovery
is required (Smith & Brooks, 2020).
e RPO specifies the acceptable amount of data loss measured in time (e.g., data recoverable

up to five minutes before incident).

These metrics align QA with continuity planning by ensuring systems are tested under simulated
failures, such as database crashes, distributed denial-of-service (DDoS) attacks, or hardware

malfunctions.

Table 1. Fault Tolerance Metrics in QA Context

Metric | Definition QA Measurement | Example Application
Approach
RTO Maximum downtime | Stress testing with | Critical applications must

tolerated before recovery | controlled failure injection | recover in <5 minutes

RPO Maximum tolerable data | Backup/restore simulation | Financial database limited

loss during QA cycle to < 30s data loss

3.2 Penetration and Stress Testing Metrics

Penetration testing and stress testing assess how resilient systems remain when exposed to

malicious or extreme loads. QA metrics derived from these tests include:

e Mean Time to Detect (MTTD): How quickly security events are identified.

e Mean Time to Respond (MTTR): Time required for automated or manual response once
incidents are detected (Shostack, 2019).

e Error Rate under Load: Frequency of critical failures when subjected to peak traffic or

simulated attack vectors.

These metrics are particularly relevant to software resilience because they quantify not only the
occurrence of system failures but also the effectiveness of embedded monitoring and response

protocols.
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Schematic Diagram of QA Stress Testing Metrics in Incident Simulation
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Figure 1: A schematic diagram of QA Stress Testing Metrics in Incident Simulation

3.3 Error Handling and Containment Metrics

Resilient systems must not only recover but also contain the impact of disruptions to prevent

cascading failures (Hollnagel, 2017). Key QA metrics in this domain include:

Containment Effectiveness Ratio (CER): Ratio of contained faults vs. faults propagated

to critical components.

Graceful Degradation Score (GDS): Evaluation of how smoothly non-critical functions

degrade under stress while critical services remain stable.

Incident Containment Time (ICT): Time elapsed between fault occurrence and isolation.

These metrics can be tested during QA cycles by deliberately injecting errors into non-critical

modules and measuring whether the system isolates faults without impairing mission-critical

functionality.

Table 2. Error Handling and Containment Metrics

Metric | Measurement Method Ideal Target
CER Controlled fault injection; track propagation | > 90% containment
events
GDS Functional scoring during load shedding Smooth transition, critical services

intact
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ICT Logging time between detection and isolation | < 60 seconds

3.4 Automated Response Validation Metrics

Modern systems increasingly rely on automation and orchestration for cybersecurity response
(Souppaya & Scarfone, 2019). QA must validate that automated responses trigger accurately and

effectively. Metrics include:

e Response Accuracy Rate (RAR): Percentage of incidents where automation applied
correct response.

e False Positive Rate (FPR): Incidents wrongly flagged and acted upon by automation.

e Workflow Completion Time (WCT): End-to-end duration from detection to resolution by

automated processes.

These metrics highlight both the reliability and efficiency of automated playbooks within incident

response readiness frameworks.

Figure 2. Conceptual Framework of Automated Response Validation in QA
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Figure 2: A circular diagram showing the cycle of “Incident Simulation — Automation Trigger —

Action Execution — QA Validation — Metrics Reporting”.

3.5 Summary of QA Metrics for Resilience

Collectively, these QA metrics provide an integrated lens for assessing software resilience. While
traditional QA validates whether a system “works,” resilience QA validates whether it keeps

working securely under duress and supports rapid recovery.

Table 3. Consolidated QA Metrics for Measuring Resilience

Dimension Key Metrics QA Tools/Methods

Fault Tolerance RTO, RPO Failure  injection,  backup
simulation

Stress & Penetration MTTD, MTTR, Error Rate |Load testing, red team

under Load exercises

Error Handling & | CER, GDS, ICT Fault injection, logging

Containment analysis

Automated Response RAR, FPR, WCT Automation orchestration
testing

By embedding these measures in QA cycles, organizations create quantifiable benchmarks for

resilience, thus transforming QA into a critical enabler of cybersecurity incident readiness.

IV. QA-Driven Framework for Incident Response Readiness
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4.1 Framework overview: purpose and principles

e Purpose: The purpose of the QA-Driven Framework for Incident Response Readiness, is
to transform QA from a functional gatekeeper into a resilience measurement engine that
continuously evaluates a system’s ability to detect, contain, and recover from cyber
incidents, and produces actionable KPIs for incident response (IR) teams.

e Guiding principles: Integrate resilience requirements early; make tests scenario-driven
and repeatable; measure across detection — containment — recovery; treat automation
coverage and human-in-the-loop actions as first-class metrics; close the loop by feeding

QA results into IR playbook refinement and post-incident reviews.
4.2 Detailed stages of the QA-Driven Framework
4.2.1 Stage 1 - Requirements Definition & Resilience Modeling

e Define resilience objectives: acceptable downtime, critical functions that must remain
available, RTO/RPO budgets for different asset classes.

e Map critical attack surfaces and dependencies (third-party services, supply chain
components) and translate into testable acceptance criteria (e.g., “compromise of admin
credentials must not permit exfiltration of PII within X minutes”).

e Produce a resilience requirements matrix linking assets — threats — test cases — success

thresholds (RTO, containment effectiveness, data loss limits).

4.2.2 Stage 2 - Test Design: Simulated Cyber Incidents During QA Cycles

e Test design goals: Create repeatable, parameterized scenarios that exercise detection,
containment, automated orchestration, and recovery. Scenarios should cover both technical
vectors (ransomware, privilege abuse, DDoS, supply-chain compromise, API abuse) and
operational failures (log ingestion outage, playbook misrouting).

e Test types and taxonomy (examples):

e Controlled Red-Team Injects: full-stack simulated adversary chain (recon — lateral

movement — exfil).
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e Fault Injection: tainting services, dropping dependencies, simulating corrupted
config/state.

e Chaos Engineering for Security: introduce partial outages, degraded auth, or
network  partitioning to verify graceful degradation and failover.
Automated Playbook Validation: run incident playbooks against a sandboxed
incident to validate automation and human handoffs.

e Test design parameters (must be specified per test): Objective, preconditions, threat
model, trigger mechanism, observability checks, detection assertions (SIEM/EDR alarms),
containment actions (isolate host, revoke keys), recovery steps, success thresholds, rollback
plan, and safety constraints (non-production vs production).

e Scheduling & cadence: Incorporate scenario runs into CI pipelines (smoke-level checks
on each build), weekly integration runs, and quarterly red-team/chaos campaigns. Keep a
test catalog with versioning so historical trend analysis is possible.

e Metrics captured per run (examples): DetectionTime (sec), ContainmentTime (sec),
RecoveryTime (min), AutomationCoverage (% of required steps automated), PassRate (%
of required assertions passing), FalsePositiveRate (alerts not related to injected incident),
ObservabilityGaps (missing telemetry). These metrics form resilience KPIs used by IR

leadership.
4.2.3 Stage 3 - Continuous Monitoring & Feedback

e Integrate test outputs into the monitoring/analytics stack so QA results appear on
operational dashboards.

e Feed failures to backlog with severity tagging; prioritize fixes based on exposure (business
impact x exploitability).

e Use trend analysis to measure improvement (or regression) in resilience KPIs over time.
4.2.4 Stage 4 - Metrics, Reporting & Organizational Integration

Define a resilience KPI dashboard (sample KPIs: Mean Time to Detect (MTTD), Mean Time to
Contain (MTTC), Mean Time to Recover (MTTR), Automation Coverage, Playbook Pass Rate,
Observability Coverage).

Create SLA/OLA:s for IR (e.g., detection within X minutes for high-critical events).
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Governance: link QA findings to incident response tabletop outcomes and executive risk reporting.
4.2.5 Stage 5 - Continuous Improvement & Validation

After each live incident or red-team exercise, conduct an integrated post-mortem that includes QA
test artifacts, compare expected vs observed metrics, identify gaps in playbooks/automation, and

schedule remediation tests.

Maintain a living test catalog; retire or evolve scenarios as threat landscape or architecture changes

(e.g., new microservice added, shift to serverless).
4.3 Implementation considerations and best practices

e Safety & isolation: run destructive tests (ransomware, exfil simulation) in safe, sandboxed
environments that mirror production scale; for production tests, apply strict authorization,
monitoring, and rollback controls.

e Observability-first: ensure telemetry (logs, traces, metrics) is sufficient before running
tests many QA tests fail to produce meaningful results because of poor visibility.

e Cross-discipline collaboration: involve QA, SRE, SecOps, Legal, and Business
Continuity teams early to define acceptable test scopes and escalation paths.

e Automation & CI integration: embed non-destructive scenario checks into CI; schedule
heavier simulations as pipeline gates for release or as periodic assurance runs.

e Test data & privacy: ensure tests don’t expose or manipulate real user PII; use synthetic

data or tightly controlled masked data sets.

4.3.2 Short recommended next steps (practical checklist)

e Build a resilience requirements matrix and map it to test cases.

e Implement the Stage-2 test catalog in a sandboxed environment; run an initial 30-run
campaign to baseline KPIs (use the simulated dataset as a template).

e Create a resilience KPI dashboard (MTTD/MTTC/MTTR, Automation Coverage,
Playbook Pass Rate).

e Schedule quarterly red-team + chaos campaigns and monthly automated scenario runs in
Cl

e Integrate QA outputs into the IR post-mortem and remediation workflow.
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4.4 Simulated Table and Graph for Stage 2

Below are simulated results from a Stage-2 test campaign. The table shows per-run metrics; the
aggregated chart shows average recovery time (minutes) by scenario type thus; presenting the
simulated dataset for Stage 2 (Test Design), where cyber incidents were modeled during QA
cycles. The dataset contains 30 simulated incident runs across five scenario types: Credential
Compromise, Ransomware, APl Abuse, DDoS, and Supply Chain. Each run records severity,

detection time, containment time, recovery time, automation coverage, and pass rate.

These simulated outputs illustrate how QA can quantify resilience differences between scenario

classes and reveal which scenarios need prioritized remediation.
What the table & graph demonstrate (interpretation):

e Supply-chain compromises typically show higher recovery time (longer investigation,
rebuilds, or rekeying) than transient attacks like AP1 abuse.

e Ransomware scenarios often have elevated containment times and drive higher
prioritization for automation in containment (e.g., automated network isolation).

e Automation coverage correlates to improved pass rates and reduced recovery time; low

automation coverage signals manual bottlenecks in playbooks.

Table 4. Simulated Cyber Incident Dataset for Stage 2 QA Test Design

Scena | Scenari | Sev | Detection | Containmen | RecoveryT | AutomationCo | PassRa
riolD |oType |erit | Time_sec |tTime_sec ime_min verage_pct te_pct
y
SC-01 | Ranso | Hig | 351 2256 16 55 69
mware | h
SC-02 | Credent | Hig | 361 459 28 50 89
ial h
Compr
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SC-03 |Ranso | Me |10 1631 5 66 100
mware | diu
m
SC-04 | API Me |10 620 5 49 93
Abuse | diu
m
SC-05 |DDoS |Lo |71 512 10 95 95
w
SC-06 | Credent | Hig | 215 846 5 64 100
ial h
Compr
omise
SC-07 | API Lo |179 651 18 53 100
Abuse |w
SC-08 | Supply | Me |62 703 33 66 98
Chain diu
m
SC-09 | Credent | Hig | 245 783 35 78 93
ial h
Compr
omise
SC-10 | Supply | Me |95 456 57 37 100
diu
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Chain  |m
SC-11 | DDoS Me | 114 901 25 47 91
diu
m
SC-12 | DDoS Me | 243 30 32 61 97
diu
m
SC-13 [Ranso | Me | 102 1907 42 49 100
mware | diu
m
SC-14 | Supply | Hig | 259 874 64 49 79
Chain | h
SC-15 | Supply | Me |63 501 54 30 92
Chain | diu
m

The Stage-2 simulation dataset was generated using a controlled randomization approach to reflect

realistic cybersecurity incident scenarios within QA cycles. Five representative incident types

credential compromise, ransomware, API abuse, distributed denial of service (DDoS), and supply

chain compromise were modeled as the primary vectors. For each simulated run, severity levels

were assigned probabilistically to mirror observed distributions in industry reports. Thus:

Detection times were drawn from normal distributions centered on shorter delays for
medium/low severity incidents and longer delays for high-severity cases.
Containment times varied by scenario type, with ransomware and supply chain attacks

producing longer durations due to their disruptive nature.
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e Recovery times were modeled in minutes, with supply chain attacks exhibiting the greatest
delays.

e Automation coverage was sampled from a truncated normal distribution to represent partial
orchestration maturity, while pass rates were inversely correlated with scenario severity.

e Thirty runs were produced to form the dataset, enabling aggregation by scenario type to

compute mean recovery times, pass rates, and automation coverage.

This simulation approach provides a reproducible testbed for illustrating how QA-driven incident

response metrics can be quantified and benchmarked prior to real-world deployment.

Average Recovery Time by Simulated Incident Scenario (Stage 2)

wu
o
T

B
o

Average Recovery Time (minutes)
N w
o (@]

=
o
T

APl AbuseCredential Compromise DDoS Ransomware  Supply Chain
Scenario Type

Figure 3: The graph shows the average recovery time by simulated incident scenario for stage 2

V. Case Illlustration

The review of multiple high-profile cybersecurity incidents reveal the fragility of software systems
and the inadequacy of organizational preparedness. Two notable cases were the SolarWinds supply
chain compromise and the Colonial Pipeline ransomware attack. These incidents highlighted the
urgent need for embedding resilience within software development and quality assurance (QA)

processes. SolarWinds demonstrated the catastrophic consequences of failing to detect malicious
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code injected into trusted software updates, while Colonial Pipeline emphasized the economic and

societal disruption resulting from delayed incident response and insufficient resilience planning.
5.1 QA-Centered Analysis

A QA-driven framework for measuring resilience provides insight into how such incidents could

have been mitigated:

e Fault Tolerance Testing: SolarWinds systems lacked stress validation against malicious
code insertions, allowing compromised updates to propagate widely.

e Penetration and Stress Simulations: In the Colonial Pipeline case, simulated ransomware
penetration tests during QA cycles could have revealed the absence of critical containment
and fallback mechanisms.

e Automated Response Validation: Neither case demonstrated validated response

automation; reliance on manual processes delayed detection, containment, and recovery.
5.2 Simulated QA Resilience Assessment

To illustrate this framework, a simulated assessment was conducted comparing resilience metrics
for SolarWinds and Colonial Pipeline. The evaluation considered detection latency, response

speed, recovery capability, and containment efficiency.

Table 5: Simulated QA-Driven Resilience Metrics for the SolarWinds and Colonial

Pipeline Cyber Incidents

Incident Detection Response Recovery Containment QA-
Latency Speed (hrs) | Capability Efficiency (%) | Resilience
(hrs) (Scale 1-5) Rating*
SolarWinds | 720 (approx. | 96 2.0 45% Low
30 days)
Colonial 24 72 3.0 55% Medium
Pipeline
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Note: The QA-Resilience Rating is simulated based on composite scoring of four metrics - the

relative differences in four resilience dimensions which are further illustrated in the graph below.

Comparative Resilience Metrics for Major 2021 Cyber Incidents (Simulated)

Detection Latency (hrs)
700 Response Speed (hrs)
mmm Recovery Capability (1-5)
Containment Efficiency (%)
600
500
¢ 400
3
S
300
200
100
0

SolarWinds Colonial Pipeline

Figure 4 : A graph showing the comparative resilience performance of SolarWinds vs. Colonial

Pipeline (Simulated Metrics)

5.4 Findings from the Case Illustration

The simulation shows that SolarWinds’ detection latency was significantly longer than Colonial
Pipeline’s, largely due to insufficient QA resilience testing against supply chain infiltration.
Conversely, Colonial Pipeline exhibited slightly better detection and containment but still lacked
the automation necessary for rapid recovery. These patterns suggest that embedding resilience
metrics into QA processes such as automated incident simulations, fault tolerance testing, and

continuous monitoring could have markedly improved incident response readiness.
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Thus, the case illustrations validate the argument that QA should evolve from a purely technical

quality gate to a resilience assurance mechanism central to cybersecurity preparedness.

VI. Discussion

The integration of quality assurance (QA) practices into the measurement of software resilience
and incident response readiness provides both immediate and long-term benefits for organizations.
However, it also raises important challenges that must be carefully addressed. This section

critically discusses these dimensions in three broad areas:

e Benefits of a QA-driven resilience approach.
e Challenges and limitations and,
e Implications for future cybersecurity practice and research.

6.1 Benefits of QA-Driven Resilience Approach

QA processes, traditionally designed to ensure software reliability and functionality, can be
adapted to measure resilience through systematic testing of fault tolerance, recovery time, and
incident containment capabilities (Avizienis et al., 2004). Embedding resilience metrics into QA
enables organizations to proactively identify system vulnerabilities before an attack occurs, thus
improving the effectiveness of incident response plans (Shin & Williams, 2013). Moreover,
resilience-focused QA offers measurable indicators, such as mean time to detect (MTTD) and
mean time to respond (MTTR), which enhance decision-making by providing quantifiable
benchmarks of readiness (Almeida et al., 2020). These benefits extend to DevSecOps pipelines,
where continuous testing ensures resilience is iteratively validated alongside functional

performance (Rahman et al., 2016).
6.2 Challenges and Limitations

Despite its promise, embedding resilience into QA cycles presents challenges. First, resource
intensiveness is a key limitation: resilience testing often requires extensive simulation of attack
scenarios, consuming time and computational resources that smaller organizations may lack (Zhao
& Zhao, 2019). Second, the evolving threat landscape makes it difficult for QA teams to design
comprehensive test cases that remain relevant as adversaries adopt new attack vectors (NIST,

2018). Third, effective resilience measurement requires interdisciplinary collaboration across
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development, operations, and security teams, which can be hindered by organizational silos and
differing priorities (Khan et al., 2020). Without management buy-in and sufficient training,
resilience QA efforts risk being superficial and compliance-driven rather than strategically

transformative.
6.3 Implications for Cybersecurity Practice and Research

From a practical perspective, repositioning QA as a resilience enabler allows organizations to
move beyond reactive post-incident analysis toward proactive defense strategies (Herzig et al.,
2016). This approach aligns with the broader shift toward cyber resilience as a governance priority,
emphasizing adaptive capacity and recovery as critical to long-term operational continuity (Linkov
& Trump, 2019). For researchers, the integration of resilience testing into QA highlights
opportunities for developing standardized resilience metrics, Al-driven test automation, and sector-
specific benchmarking frameworks. Future work should also explore how resilience-oriented QA
can complement regulatory requirements, thereby supporting compliance while simultaneously

strengthening real-world defense postures (ENISA, 2020).

In summary, QA-driven resilience measurement is not a panacea but a necessary evolution in
cybersecurity assurance. While challenges remain, particularly in scaling resilience QA across
diverse organizations, the long-term value of embedding resilience testing into development
pipelines is evident. It provides measurable improvements in incident response readiness, fosters
organizational learning, and offers a pathway toward more adaptive, secure, and trustworthy

software ecosystems.

VIIl. Policy and Practice Implications

The integration of quality assurance (QA) as a driver of software resilience and cybersecurity
incident response readiness has important implications for both organizational policy and practical

implementation. The following subsections outline key considerations:
7.1. Embedding Resilience in Organizational Policies

e Organizations should expand traditional QA policies beyond functionality, compliance, and

performance benchmarks to include resilience-focused metrics such as fault tolerance,

Page | 19 Multidisciplinary Innovations & Research Analysis



Pages:1-24
Volume-ll, Issue-IV (2021)
Multidisciplinary Innovations & Research Analysis https://openviewjournal.com/index.php/mira

containment efficiency, and recovery speed. These metrics ensure that software is not only
reliable but also prepared to withstand and adapt during cyber incidents (Anderson, 2020).

e Policy frameworks should require resilience testing as a mandatory stage within software
development lifecycles, aligning with DevSecOps practices that integrate security and
resilience considerations from the design stage onward (Shin & Williams, 2020).

e (Governance structures must emphasize continuous evaluation, mandating regular resilience
audits and incident simulations as part of compliance requirements. Such policies will shift
organizations from reactive breach management toward proactive resilience building
(National Institute of Standards and Technology [NIST], 2018).

7.2. Practical Implications for Software Development and Testing

e QA teams must be empowered to adopt adversarial testing methods, including red-teaming,
fault injection, and automated incident simulations, as part of standard practice. This
enables early detection of resilience weaknesses and enhances preparedness (Cruz et al.,
2019).

e Collaboration between QA, cybersecurity, and operations teams should be institutionalized
to ensure that incident response playbooks are validated under realistic conditions. This
practical integration ensures that resilience testing reflects actual organizational workflows
rather than theoretical models (Shin & Williams, 2020).

e Practitioners should incorporate resilience dashboards and real-time monitoring tools into
QA pipelines. These tools allow for continuous assessment of resilience metrics and
facilitate rapid feedback loops to developers and incident response teams (Anderson, 2020).

7.3. Strategic and Sectoral Implications

e At the sectoral level, industries with critical infrastructure such as energy, healthcare, and
financial services should prioritize resilience QA policies as part of regulatory compliance.
Events like the SolarWinds breach have demonstrated the systemic risks posed by
inadequate resilience in software supply chains.

e Policymakers must encourage cross-industry standards for resilience metrics, ensuring
interoperability and comparability of resilience testing across organizational contexts. This
would enable regulators and industry bodies to benchmark readiness more effectively
(ENISA, 2020).
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e Finally, organizations should frame QA-driven resilience not merely as a technical
safeguard but as a business continuity imperative. By linking resilience metrics to
organizational risk management strategies, resilience testing becomes an enabler of long-

term trust, stakeholder confidence, and competitive advantage (Anderson, 2020).

In summary, embedding resilience into QA policy and practice represents a paradigm shift from
compliance-based security models toward adaptive, proactive, and measurable resilience
frameworks. Such a shift has the potential to strengthen organizational cybersecurity posture while

also shaping industry-wide standards for incident response readiness.

VIIl. Conclusion

The quality assurance (QA) perspective on the evaluation of software resilience offers
organizations a guided process by which they can enhance the readiness to respond to a
cybersecurity incident. With the intensification of the digital ecosystem, the conventional method
of QA that was previously concentrated on functional testing is not enough to cope with the
realities of endemic cyber threats (Morrison et al., 2020). Rather, resilience should be considered
as an attribute of quality, which not only specifies the capacity of a system to withstand attacks but
also the capability of a system to recover faster and resume functioning under unpleasant
conditions (Linkov and Trump, 2019). As it has been highlighted in the present paper, the
incorporation of the resilience measures like the fault tolerance, the level of containment, and
recovery standards in the QA cycles improves both the technical and strategic aspects of the
cybersecurity preparedness. When paired with incident response simulation exercises, QA-driven
testing allows identifying the systemic vulnerabilities early and obtaining actionable information
about the organizational preparedness (Shen et al., 2020). Organizations can instill the practices in
DevSecOps pipelines and thus create a culture of continuous improvement, which means that
resilience is not a by-product of the software development lifecycle but a primary result (Leite et
al., 2020). Moreover, the lessons learned in the recent big-scale cyber-attacks demonstrate how
important the absence of resilience as a QA priority can be. Other occurrences like breaches in the
supply chains are indicative of how the lapses in the testing procedures can trickle down to dire
operational and reputation effects. The systematic QA processes are the way to address these
vulnerabilities and make a proactive solution to prevent the risks before they grow and develop

into crises. That said, there are still problems. This necessitates adaptive testing structures because
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of the changing nature of threat vectors and cross-disciplinary efforts and resource allocation due
to the inclusion of resilience in QA (Ali et al., 2019). However, these difficulties highlight, instead
of weakening the need of resilience-oriented QA. In conclusion, making QA a strategic facilitator
of resilience provides organizations with quantifiable and evidence-based feedback on the ability
to survive and recover because of cyber-attacks. With the promotion of resilience as a core quality
indicator, organizations will be able to get out of compliance-based strategies and adopt the

security posture based on flexibility, readiness, and resilience of operations.
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