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Executive Summary

Framework Purpose

The QE Maturity Framework provides organisations with a structured, actionable path from
reactive testing practices to proactive quality engineering excellence. Designed for immediate
adoption in high-velocity, high-stakes software environments, it enables teams to systematically
build quality into every stage of the Software Development Lifecycle — not just verify it at the end.

Quality Engineering (QE) represents a fundamental evolution beyond traditional Quality Assurance (QA). Where
QA focuses on detecting defects after development is complete, QE embeds quality thinking throughout the entire
product lifecycle — from requirements through to production monitoring. This framework defines five progressive
maturity levels, from ad-hoc manual testing to fully autonomous, Al-enhanced quality practices.

Who Should Use This Framework

This document is designed to be readable and actionable across all roles — Product Owners, Engineering Leads,
QA Engineers, Developers, and Senior Leadership. It serves as both a strategic roadmap and an operational
guide.

Key Application Domains

m Critical business flows: Any high-impact user journeys and core product features
m Compliance scenarios: Regulatory reporting, data privacy, audit readiness

m Cross-functional alignment: Bridging Product, Legal, QA, and Engineering teams

m Platform reliability: Observability, alerting, SLO management, and incident prevention

Business Value at Level 5 Maturity

Faster time-to-market Reduced rework, shorter feedback loops

Lower operational risk Fewer production incidents, faster recovery
Regulatory confidence Automated compliance checks, audit-ready artefacts
Engineering empowerment Quality as an enabler, not a bottleneck

Cost optimisation Shift-left defect detection reduces fix cost by 10—100x

L2 Managed Structured test plans, basic automation, defect tracking established.

Reactive Testing happens after development. Heavy manual effort, defects found late.

Defined Shift-left testing, CI/CD integration, shared quality ownership.



Measured Data-driven decisions, DORA metrics, predictive defect analysis.

Proactive Al-assisted generation, autonomous pipelines, zero-touch quality assurance.
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The Five Levels of QE Maturity

The maturity model provides a clear, progressive path with distinct characteristics at each level. Organisations
should honestly assess their current state before developing a realistic advancement roadmap. Progress is rarely
linear — many teams will find themselves operating across two adjacent levels simultaneously.

2.1 Level 1 — Reactive Testing

Current State Indicator: Testing happens after development is declared complete. Quality issues
surface late in the cycle, increasing the cost and disruption of fixes. Most new or early-stage
engineering organisations start here.

Dimension Characteristics

Approach Testing treated as a phase after development, not an activity within it
Automation Minimal or no automated tests; heavy reliance on manual regression cycles
Environments Unstable or shared test environments; frequent blocking and contamination
Defect Profile Bugs found late and close to release; expensive and disruptive to fix
Ownership Quality is viewed as the QA team's sole responsibility

Documentation Test cases ad-hoc or absent; no traceability to requirements

2.2 Level 2 — Managed Testing

Organisations at this level begin establishing structure and repeatability. Testing is planned, defects are tracked,
and basic automation reduces the most tedious manual regression work.

Dimension Characteristics

Approach Defined test plans per release; regression scope understood
Automation Automated smoke and sanity tests on critical paths
Environments Dedicated test environments with basic data management
Defect Profile Defect tracking in place; root cause analysis emerging
Ownership Developers write unit tests; QA owns integration and regression
Documentation Test cases documented with traceability to user stories

2.3 Level 3 — Defined Quality

Quality becomes a shared organisational responsibility with standardised processes across all teams. Shift-left
practices take hold and CI/CD pipelines enforce quality gates automatically.
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Dimension Characteristics

Approach Shift-left testing; QA involved from requirements and design

Automation Comprehensive automation suite integrated into CI/CD pipelines
Environments Environment-as-code; on-demand provisioning; no environment contention
Defect Profile Prevention focus; quality gates block regressions before merge

Ownership Quality is a shared team responsibility, not a department

Documentation BDD/TDD practices; living documentation reflecting production behaviour
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2.4 Level 4 — Measured Excellence

Data-driven quality decisions replace intuition. Comprehensive DORA-aligned metrics guide prioritisation, and
advanced techniques such as chaos engineering and predictive analytics surface risks before they become

incidents.
Approach Quality metrics drive all decisions; risk-based test prioritisation
Automation Self-healing locators; parallel execution; intelligent retry strategies
Environments Production-parity environments; chaos engineering experiments
Defect Profile Predictive defect analysis; trend monitoring; proactive remediation
Ownership Developers own quality; QE acts as enabler, coach, and consultant
Documentation Auto-generated specifications; executable documentation always current

2.5 Level 5 — Proactive Quality Engineering

Target State

Quality is built-in from the very first line of code. Al-assisted test generation, autonomous pipeline
execution, and real-time production anomaly detection work together to prevent defects before

they ever reach users. The engineering organisation views quality as a competitive differentiator,
not a cost centre.

Dimension Characteristics

Approach Al-assisted test generation; autonomous, self-directed testing agents
Automation Self-optimising test suites; zero-touch pipelines; coverage intelligence
Environments Ephemeral, on-demand environments; shadow production traffic mirroring
Defect Profile Anomaly detection in production; automated remediation suggestions
Ownership Quality culture fully embedded; every engineer is a quality advocate
Documentation Al-generated from source code; always accurate and never stale
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Contract Testing (Consumer-Driven)

Core Concept

Consumers define API contracts; providers verify compliance. This approach enables rapid
feedback on integration compatibility without requiring live, co-deployed environments —
dramatically reducing the lead time for catching breaking changes.

Why Contract Testing Matters

In microservice-oriented architectures, services evolve independently. Traditional end-to-end integration tests are
slow, brittle, and require all services to be deployed simultaneously. Consumer-Driven Contract Testing (CDCT)
solves this by making the API contract the source of truth — verified at build time, not after deployment.

Key Benefits

m Fast feedback: Integration contract violations caught at build time, not in staging

m Independent deployment: Services deploy with confidence without requiring joint test runs

m Precise breaking change detection: Know exactly which consumer is affected before merging

m Reduced environment dependency: No need for live provider environments during consumer Cl

m Improved team autonomy: Consumer and provider teams iterate without blocking each other

Implementation Steps

Step 1: Consumer Defines Contract

The consumer service writes interaction tests specifying the exact request it will send and the minimum response
structure it requires from the provider. These tests are intentionally narrow — consumers only assert on fields they
actually use.

Step 2: Pact File Generation
A Pact file (the contract) is automatically generated from the passing consumer tests and published to a central
Pact Broker, making it accessible to the provider team without any manual handoff.

Step 3: Provider Verification
The provider's Cl pipeline downloads the Pact file and replays each interaction against its actual implementation.
Any deviation fails the build, surfacing the breaking change immediately — before the code ever merges to main.

Step 4: Breaking Change Prevention

The Pact Broker's 'can-i-deploy' check is integrated into both the consumer and provider pipelines. A service
cannot be promoted to any environment unless all its contracts are verified, creating a distributed safety net
across the entire service mesh.

Recommended Tooling
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Contract Framework Pact, Spring Cloud Contract

Contract Broker Pact Broker, PactFlow (managed SaaS)

CI/CD Integration GitHub Actions, GitLab Cl, Azure DevOps, Jenkins
Provider Verification Provider-side test suite with Pact verifier library
Observability Pact Broker webhooks into Slack / monitoring dashboards
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Quality Culture Adoption

Technical excellence alone does not produce lasting quality outcomes. The most sophisticated toolchain will
underperform in an organisation where quality is still perceived as 'someone else's job'. Culture transformation is
therefore the hardest — and most important — dimension of the maturity journey.

4.1 The Mindset Shift

Every level-up on the maturity model requires a corresponding shift in how individuals and teams think about
quality. The table below maps the transition from reactive to proactive mindsets across the most common cultural
fault lines:

From (Reactive) To (Proactive)

QA finds bugs at the end Everyone prevents defects from the start

"That's a QA problem" Testability is designed in, not bolted on afterwards
Testing happens in a QA lane Testing is woven into every ceremony and workflow
Done = code merged Done = tested, monitored, and documented

QA blocks releases Quality gates enable confident, fearless releases
Test debt is ignored Test debt carries the same priority as technical debt

4.2 Embedding Quality in Sprint Ceremonies

Quiality is not a phase — it is a continuous thread woven through every agile ceremony. The following guidance
operationalises quality thinking at each touchpoint in the sprint cycle:

Sprint Refinement

m QE co-writes acceptance criteria with the Product Owner before stories are groomed
m Testability reviewed as a formal part of the Definition of Ready (DoR)

m Edge cases, failure modes, and negative paths explored upfront — not during testing

m Test approach agreed and documented before development begins

Sprint Planning
m QE effort estimated alongside development effort — never as an afterthought
m BDD scenarios drafted collaboratively; automation candidates flagged
m Risk-based testing priority agreed with the whole squad

m Acceptance criteria reviewed for ambiguity and completeness
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Daily Standup
m Test blockers surfaced daily — not accumulated until end-of-sprint
m DeVv/QE pairing discussed for complex scenarios requiring dual expertise

m Cl build failures reviewed as a whole team, not escalated to QA alone

Sprint Review & Retrospective
m Defect trend data reviewed transparently with the full squad
m Automation coverage delta reported — progress and gaps both visible

m Quality improvements agreed, estimated, and added to the next sprint backlog

4.3 Developer Quality Ownership

Core Principle

Engineers write and own their unit and integration tests. QE focuses on strategy, framework
architecture, complex automation, and edge-case coverage. This separation of concerns scales
quality across large, distributed engineering organisations without creating QA bottlenecks.

"Done" explicitly means tested and monitored — not just merged to main

Quality champions embedded in each squad act as enablers, not gatekeepers

Peer code reviews include explicit verification of test coverage and quality

Test debt is tracked, estimated, and prioritised on the same backlog as feature work

On-call rotation includes QE perspective to close the loop between detection and prevention

QE Maturity Framework - pankajnakhat.com - Page 10



Metrics and Success Criteria

Measurement is the foundation of improvement. Without clear, consistently tracked metrics, quality transformation

becomes subjective and impossible to communicate to leadership. The following KPIs provide objective evidence

of progression across the maturity model.

5.1 Primary KPIs (DORA-Aligned)

These metrics align with the DORA (DevOps Research and Assessment) elite performance benchmarks and

should be tracked continuously, not quarterly:

Deployment Frequency

Lead Time for Changes

Change Failure Rate

Mean Time to Recover

Defect Escape Rate

Automation Coverage

Unit Test Coverage

5.2 Secondary Metrics

How often code is successfully released Daily or on-demand Weekly

Commit to production in less than one day < 1 day 1-7 days
Percentage of deployments causing incidert$% <15%
Time to restore service after a failure <1 hour < 24 hours
Defects found in production vs total detected2% < 10%
Percentage of regression suite automated > 85% > 40%
Code lines covered by unit tests > 80% > 50%

These metrics provide additional operational context and help identify improvement opportunities that primary

KPIs may not surface:

Secondary Metric Description and Target

Test Flakiness Rate

Sprint Carry-Over Rate

Cycle Time

Code Review Quality

Environment Stability

Compliance Pass Rate

% of tests producing inconsistent results; target < 2%

Stories not completed in sprint due to quality issues

Average time from story start to 'Done’; tracks flow efficiency

% of PRs with adequate test coverage and security scans passing
% of pipeline failures caused by environment rather than code

% of automated regulatory and policy checks passing on each build

5.3 90-Day Culture Journey

Quiality culture transformation is not an event — it is a sustained programme. The following phased approach

creates the conditions for durable change:
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Days 1-30 Observe and Listen

Audit current quality practices, tooling, and team capabilities with objectivity
Run quality mindset workshops — not lectures — to understand pain points
Collaboratively define a shared Definition of Ready (DoR) and Definition of Done (DoD)

Establish metric baselines before any changes are made

Days 31-60 Seed the Change

QE embedded in refinement for every squad — present, not observing
Pair testing sessions: developer and QE engineer write first acceptance tests together
Quality champions nominated — one per squad, recognised and supported

First automated quality gate active on at least one critical repository

Days 61-90 Institutionalise

Quality metrics visible to all stakeholders via transparent, live dashboards
Developers own and maintain unit and integration tests without QE prompting
QE team owns strategy, frameworks, complex edge-case automation, and coaching

Retrospectives include quality as a standing agenda item — celebrated and improved
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Risk Management

Effective quality engineering is inherently risk-based. Not all system components carry equal criticality, and testing
resources must be allocated proportionally to business impact. The following taxonomy provides a universal risk
prioritisation framework applicable across any industry or technology domain.

e |
Core Transaction Processing Primary business workflows, financial operations, data writes
Authentication & Authorisation Identity management, session handling, access control enforcement
Data Integrity Database consistency, audit trails, reconciliation processes
Regulatory Compliance Data privacy, retention policies, reporting obligations
Performance at Scale Load handling, SLA adherence, degradation under peak traffic
Integration Layer Third-party APIs, event-driven messaging, webhook reliability

Al/ML Model Behaviour Output consistency, drift detection, edge-case handling

Batch & Background Processing Scheduled jobs, queue consumers, retry and dead-letter logic

Low Non-Critical Ul Flows Informational pages, cosmetic elements, low-traffic paths

Risk-Based Testing Strategy: Allocate testing resources proportionally to risk level. Critical
domains require coverage across all test layers — unit, integration, contract, end-to-end,
performance, and security. Medium and low-risk areas can rely on lighter coverage supplemented
by exploratory testing and monitoring.
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Technology Stack

The following reference stack represents modern, industry-proven tooling for each layer of the quality engineering
ecosystem. This is a recommended baseline, not a prescription — the framework is adaptable to any technology
environment. Tool selection should always be validated during the initial discovery phase.

Technologies Quality Tooling

Web Frontend React, Vue, Angular, Svelte Playwright, Cypress, WebdriverlO

Mobile (Native) iOS (Swift/ObjC), Android (Kotlin/Java) XCUITest, Espresso, Maestro

Mobile (Cross-platform) React Native, Flutter Appium, Detox, BrowserStack

Backend Services Node.js, Java/Spring, Python, Go, .NET Jest, JUnit, pytest, Supertest

API Layer REST, GraphQL, gRPC Postman, REST Assured, k6, Pact
Messaging / Events Kafka, RabbitMQ, Azure Service Bus, AWS SQ$sumer contracts, message schema validation
Database PostgreSQL, MySQL, MongoDB, DynamoDBaRifisegrity checks, migration tests
Cloud Platform AWS, Azure, GCP Infrastructure tests, chaos experiments
Cl/ICD GitHub Actions, GitLab CI, Azure DevOps, Jénldlity gates, coverage enforcement
Observability Datadog, Grafana, Prometheus, OpenTelem&tr§) monitoring, anomaly detection
Security Scanning Snyk, OWASP ZAP, Checkmarx, Trivy SAST/DAST in pipeline, dependency audit
Al-Assisted QE Claude Code, GitHub Copilot, Windsurf Casdad# generation, healing, failure analysis

Note: These assumptions are validated during Week 1 discovery. The framework adapts to any modern stack.
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Implementation Checklist

This checklist tracks the critical milestones across the first six months of QE transformation. Each item should be
owned by a named individual, not a team, to ensure clear accountability. Use this as a living document reviewed in
monthly leadership check-ins.

Pre-Launch (Week 0)

m Executive sponsor identified, committed, and publicly communicated

m Budget approved for tooling, infrastructure, and any incremental hiring

m Access granted to all code repositories, CI/CD pipelines, and environments
m m Current team skills assessment completed and skills gaps identified

m m Success metric baselines established before any changes are introduced

Month 1

m All platform and architecture assessments complete

m QE strategy document drafted, reviewed, and approved by leadership

m Tool stack selected and procurement initiated (Pact Broker, test infra, etc.)

m First quality champions identified — one per squad — and role communicated

m Quality gates active on at least the highest-risk repositories

Month 2

m CI/CD quality gates enforced across all main branch repositories

m Contract testing implemented for all critical service integrations

m 40%+ automation coverage achieved on regression-critical paths

m m BDD scenario writing adopted in at least 50% of squads

m First automated compliance or policy checks running in pipeline

Month 3

m 70%+ automation coverage achieved across the platform

m Performance test baselines established for all critical flows

m m Zero Critical or High severity defects escaped to production (snapshot)

m m DORA metrics actively tracked and visible to all stakeholders

m All squads have either embedded QE or an active quality champion

Months 4-6

m Al-assisted test generation pilot completed and evaluated

m m Self-healing locator strategies deployed across mobile and web suites

m Anomaly detection active in production monitoring dashboards

m 85%+ automation coverage sustained with < 2% flakiness rate

m ®m DORA Elite benchmarks sustained for two consecutive months

m Quality culture demonstrably self-sustaining — minimal external push required
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Executive Sponsorship Requirements

Critical Success Factor

Quality transformation consistently fails when treated as a 'QA initiative' rather than a business
imperative. Research across high-performing engineering organisations confirms that without
visible, sustained executive sponsorship, cultural transformation stalls within 90 days. Executive
sponsorship is non-negotiable.

For this transformation to succeed, leadership must actively provide the following:

1. Executive Mandate

Quality must be publicly positioned as a strategic business priority, not just an IT or engineering concern. The
executive sponsor communicates this in all-hands settings, leadership reviews, and external stakeholder
communications.

2. Unrestricted Access
QE must have embedded access to all engineering squads and environments. No team should be able to opt out
of quality gates or hide behind process exceptions. Access without influence is insufficient.

3. Budget Authority

Quality engineering investment covers people (market-rate SDET compensation), tooling (contract brokers, test
infrastructure, observability platforms), and time (ceremony participation, documentation, coaching). Underfunding
any dimension limits transformation potential.

4. Release Authority Backing
When quality gates legitimately block a release, the executive sponsor must publicly support that decision — even
under business pressure. Without this, quality gates become suggestions and lose all deterrent value.

5. Long-Term Time Commitment
Real cultural change requires 12 months of sustained effort, not a 90-day sprint. The executive sponsor commits
to monthly progress reviews, visible advocacy, and patience through the inevitable dips in the change curve.

Responsibility Required Actions

Vision Setting Communicate quality as a strategic business priority in all forums

Resource Allocation Approve and protect budget for people, tooling, and time

Barrier Removal Identify and eliminate organisational obstacles to quality adoption

Decision Support Publicly back quality gate decisions — even when commercially inconvenient

QE Maturity Framework - pankajnakhat.com - Page 17




Responsibility Required Actions

Progress Review Monthly review of quality KPIs with the QE leadership team
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Conclusion and Next Steps

This framework provides a structured, pragmatic path from reactive testing to proactive quality engineering
excellence. It is not a theoretical model. Every element has been designed for immediate, real-world
implementation in organisations where software quality directly impacts business outcomes, customer trust, and
competitive position.

Key Takeaway

The progression from Level 1 (Reactive) to Level 5 (Proactive) requires discipline, investment, and

genuine cultural change. The return on that investment is substantial and measurable: faster
time-to-market, reduced operational risk, regulatory confidence, and — most importantly —
engineering teams that view quality as a competitive advantage rather than an impediment to
delivery.

Immediate Next Steps

Step 1 — Assess Current State
Validate your organisation's honest position against each Level's characteristics. Resist the temptation to
self-assess optimistically. Gaps identified now become the roadmap for the next 12 months.

Step 2 — Secure Executive Sponsorship

Identify and formally engage your executive sponsor before any transformation activity begins. Present this
framework to leadership and secure explicit budget and mandate commitment.

Step 3 — Run Week 1 Discovery

Conduct immersive discovery sessions with each engineering squad. Validate technology stack assumptions,
understand real pain points, and build relationships that will sustain the transformation through its difficult early
phases.

Step 4 — Adapt and Adopt

Customise this framework for your specific technology stack, regulatory environment, and organisational culture.
No two organisations are identical, and a framework that does not account for your context will not take root.

Long-Term Success Factors

m Treat quality as a business imperative — not an IT function, not a phase, not a team

m |nvest consistently in people, processes, and tooling — all three are necessary

m Measure progress with meaningful, outcome-oriented metrics rather than vanity coverage numbers

m Celebrate quality wins publicly; build the narrative that quality enables speed
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m Build a culture where every engineer, product manager, and leader owns quality outcomes

Open Source: This framework is open source and may be freely adapted for your organisation's
specific needs. Attribution is appreciated but not required. Contributions and improvements are
welcomed at pankajnakhat.com.

Head of QA, Release & Reliability
Pankaj Nakhat pankajnakhat.com
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