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Abstract .  Relevance. Given the rapid development of software engineering practices and the need for cost-effective quality 

assurance in competitive environments, the relevance of developing strategic planning approaches for combined testing is 

growing steadily. The object of research is the strategic planning process for combined software testing that integrates multi-

ple testing methodologies through systematic framework implementation, risk assessment, and resource optimization algo-

rithms. Purpose of the article. This study explores strategic planning approaches for combined software testing and assesses 

their effectiveness across various application domains. The article aims to provide a structured framework for testing strategy 

integration and evaluate optimization mechanisms for resource allocation in complex testing environments. Research results. 

A comprehensive Strategic Planning Framework for Combined Software Testing (SPF-CST) was developed, consisting of six 

interconnected components: context analysis, multi-dimensional risk assessment, AI-driven prioritization, strategy selection, 

resource optimization, and monitoring systems. Empirical validation across eight industry case studies demonstrates a 35% re-

duction in defect leakage rates, 28% improvement in testing efficiency, and 45% decrease in regression testing costs. The study 

revealed that strategic planning significantly enhances testing effectiveness through systematic methodology integration and 

adaptive resource management. Conclusions. The study demonstrates the effectiveness of risk-based prioritization and math-

ematical optimization in testing strategy selection. The proposed framework provides practical tools for organizations to im-

plement comprehensive testing strategies while managing resource constraints and project timelines. 

Key words : strategic planning, combined testing, software quality assurance, test optimization, resource allocation, test-

ing integration, framework development. 

 

Introduction 

Strategic planning in software testing has emerged 

as a critical discipline within modern software engineer-

ing, aimed at the systematic optimization of testing pro-

cesses through integrated methodologies and resource 

allocation strategies. In today's development environ-

ment, testing activities must address multiple quality di-

mensions simultaneously while operating under signifi-

cant resource and time constraints. The challenge of ef-

fectively combining different testing approaches – from 

unit testing to system validation – requires sophisticated 

planning frameworks that can balance coverage, cost, and 

timeline objectives. 

The increasing complexity of software systems, 

coupled with accelerated development cycles and diverse 

deployment environments, has made traditional ad-hoc 

testing approaches insufficient. Modern applications inte-

grate multiple technologies, interfaces, and user interac-

tion patterns, requiring comprehensive testing strategies 

that span various methodologies and tools. Strategic 

planning addresses this complexity by providing system-

atic approaches to testing resource allocation, methodolo-

gy selection, and execution optimization. 

Risk-based testing has become a fundamental com-

ponent of strategic planning, enabling organizations to 

prioritize testing efforts based on potential impact and 

likelihood of failure. Unlike traditional coverage-based 

approaches, risk-oriented strategies focus resources on 

critical system components and high-impact scenarios, 

optimizing the cost-benefit ratio of testing activities. 

The integration of artificial intelligence and ma-

chine learning technologies into testing processes has 

opened new possibilities for automated strategy selection, 

predictive risk assessment, and adaptive resource alloca-

tion. These technologies enable dynamic optimization of 

testing plans based on real-time feedback and evolving 

project characteristics. 

The objective of this article is to investigate strategic 

planning frameworks for combined software testing, exam-

ining systematic approaches to methodology integration, 

resource optimization, and risk-based prioritization in con-

temporary software development environments. 

Review of Recent Studies and Publications. Stra-

tegic planning in software testing has gained significant 

attention in recent literature, with researchers exploring 

various optimization and integration approaches across 

different application domains. 

A comprehensive analysis of testing strategy opti-

mization is presented in [1], which examines systematic 

approaches to test planning and resource allocation in 

agile development environments. The authors emphasize 

that traditional testing methodologies must be adapted to 

accommodate rapid iteration cycles and continuous inte-

gration practices. The study proposes mathematical mod-

els for optimizing testing resource distribution across 

different phases and methodologies, demonstrating sig-

nificant improvements in defect detection rates and cost 

efficiency. The application of artificial intelligence in test-

ing strategy selection is explored in [2], focusing on ma-

chine learning approaches for automated test prioritization 

and resource allocation. The research demonstrates how AI 

algorithms can analyze historical project data, code com-

plexity metrics, and risk factors to recommend optimal 

testing strategies. The study shows that AI-driven ap-

proaches achieve 25–30% improvements in testing effi-

ciency compared to traditional manual planning methods. 

Risk-based testing methodologies are comprehensively 

reviewed in [3], which presents a systematic analysis of 

risk assessment techniques and their integration with test-

ing strategy planning. The authors propose multi-

dimensional risk models that consider technical complexi-

ty, business impact, and operational constraints. The re-

search validates these approaches across multiple industry 

case studies, demonstrating consistent improvements in 

critical defect prevention and resource utilization. 
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An influential study on continuous testing integra-

tion is presented in [4], examining the challenges and 

opportunities of incorporating testing activities into 

DevOps pipelines. The research addresses the complexity 

of maintaining comprehensive testing coverage while 

supporting rapid deployment cycles. The authors propose 

automated testing orchestration frameworks that dynami-

cally adjust testing strategies based on code changes, de-

ployment frequency, and quality metrics. 

The economic aspects of strategic testing are ana-

lyzed in [5], which investigates cost-benefit optimization 

models for testing resource allocation. The study devel-

ops mathematical frameworks for evaluating the econom-

ic impact of different testing strategies, considering fac-

tors such as defect prevention costs, remediation expens-

es, and market impact of quality issues. The research pro-

vides quantitative tools for justifying testing investments 

and optimizing resource distribution. Multi-criteria deci-

sion analysis applications in testing are explored in [6], 

focusing on systematic approaches to strategy selection 

under conflicting objectives. The study addresses the 

challenge of balancing multiple testing goals including 

coverage, cost, time, and risk mitigation. The authors 

propose decision support frameworks that enable stake-

holders to make informed trade-offs between different 

testing priorities. The integration of security testing into 

strategic planning frameworks is examined in [7], which 

addresses the growing importance of security considera-

tions in software quality assurance. The research propos-

es risk-based approaches to security testing integration, 

demonstrating how security concerns can be systemati-

cally incorporated into comprehensive testing strategies. 

Recent advances in test automation and their impact 

on strategic planning are analyzed in [8], examining how 

automated testing technologies influence strategy selec-

tion and resource allocation decisions. The study investi-

gates the optimal balance between manual and automated 

testing approaches, providing guidelines for automation 

investment and implementation planning. 

Across these studies, common trends include the 

shift toward risk-based prioritization, the integration of 

AI and machine learning technologies, and the emphasis 

on systematic frameworks for strategy optimization. Re-

searchers consistently emphasize the need for adaptive 

approaches that can respond to changing project charac-

teristics and organizational constraints. 

The purpose of this work is to develop and vali-

date a comprehensive Strategic Planning Framework for 

Combined Software Testing that integrates multiple test-

ing methodologies through risk-based prioritization, re-

source optimization algorithms, and adaptive strategy 

selection mechanisms. 

Main part 

The Strategic Planning Framework for Combined 

Software Testing (SPF-CST) represents a systematic 

approach to integrating multiple testing methodologies 

while optimizing resource allocation and managing pro-

ject constraints. The framework (Fig. 1) consists of six 

interconnected components that work together to pro-

vide comprehensive testing strategy planning and exe-

cution. 

 
Fig. 1. SPF-CST Components and Interactions 

 

The Context Analysis Module serves as the founda-

tion of the framework, evaluating project characteristics, 

organizational constraints, and technical requirements. 

This component analyzes factors such as system com-

plexity, development methodology, resource availability, 

timeline constraints, and quality requirements. The mod-

ule generates a comprehensive project profile that guides 

subsequent strategy selection and resource allocation 

decisions. The Multi-Dimensional Risk Assessment En-

gine provides systematic evaluation of potential testing 

risks across multiple dimensions. Technical risks include 

system complexity, integration challenges, technology 

maturity, and architectural volatility. Business risks en-

compass market impact, regulatory requirements, user 

experience criticality, and competitive implications. Op-

erational risks consider resource constraints, timeline 

pressures, environmental factors, and maintenance re-

quirements. The engine employs weighted scoring models 

to quantify risk levels and guide prioritization decisions. 

The AI-Driven Prioritization System utilizes machine 

learning algorithms to provide dynamic test prioritization 

based on evolving risk profiles and project characteristics. 

The system analyzes historical defect data, code complexi-

ty metrics, developer experience levels, and user behavior 

patterns to predict high-risk areas requiring intensive test-

ing. Supervised learning algorithms classify risk levels 

based on multiple input parameters, while natural lan-

guage processing techniques extract implicit risk indica-

tors from requirements and documentation. 

The Strategy Selection Engine determines optimal 

combinations of testing approaches using multi-criteria 

decision analysis. The engine considers factors such as 

testing effectiveness, resource requirements, timeline 

constraints, risk coverage, and organizational capabilities. 

Mathematical optimization models evaluate different 

strategy combinations and recommend configurations 

that maximize testing value while respecting project con-

straints. The Resource Optimization Module allocates 

human, technical, and temporal resources efficiently 

across selected testing strategies. The module employs 

linear programming models to maximize testing effec-

tiveness subject to resource availability constraints: 

Maximize: Effectiveness = Σ(eᵢ × xᵢ); 

Subject to: Σ(rᵢⱼ × xᵢ) ≤ Rⱼ for all resources j. 

Where eᵢ represents effectiveness scores, xᵢ denotes 

allocation variables, rᵢⱼ indicates resource requirements, 
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and Rⱼ represents available resources. For complex sce-

narios, genetic algorithms evolve optimal solutions 

through iterative improvement processes. The Monitoring 

and Adaptation System provides continuous feedback 

and framework adjustment mechanisms. The system 

tracks testing execution metrics, defect discovery rates, 

resource utilization, and schedule adherence. Real-time 

analytics enable dynamic strategy adjustments based on 

emerging patterns and changing project conditions. 

The framework defines three primary integration 

patterns for combining testing strategies. The Hierar-

chical Integration Pattern organizes testing activities in 

layered structures, ensuring systematic progression from 

unit testing through system validation. This pattern main-

tains clear dependencies between testing levels while 

enabling parallel execution where appropriate. The Paral-

lel Integration Pattern enables concurrent execution of 

compatible testing strategies, such as simultaneous func-

tional and performance testing or combined manual ex-

ploratory and automated regression testing. This pattern 

optimizes resource utilization by identifying non-

conflicting testing activities that can be executed simulta-

neously. Risk-based prioritization mechanisms form a 

critical component of the framework, enabling optimal 

allocation of testing resources toward high-impact areas. 

The framework employs comprehensive risk scoring 

models that consider probability, impact, and detectabil-

ity factors: 

Risk Score = Probability × Impact × Detectability⁻¹. 

Priority scores guide resource allocation decisions, 

ensuring that high-risk components receive appropriate 

testing attention while maintaining comprehensive cover-

age across all system elements. The framework incorpo-

rates machine learning algorithms for dynamic test priori-

tization based on evolving risk profiles. 

1. Predictive Risk Modeling: 

• supervised learning algorithms analyze historical 

defect data, code metrics, and testing outcomes to predict 

risk areas; 

• features include code change frequency, developer 

experience, module dependencies, and historical defect 

density; 

• multiple algorithms (Random Forest, Gradient 

Boosting, Neural Networks) are ensemble-combined for 

robust predictions. 

2. Adaptive Prioritization Algorithm: 

Priority_Score = (Risk_Score × Impact_Weight) + 

+ (Uncertainty_Factor × Exploration_Weight). 

The algorithm balances exploitation of known high-

risk areas with exploration of uncertain areas to prevent 

blind spots. 

3. Dynamic Risk Profile Updates: 

• real-time risk assessment based on continuous in-

tegration feedback; 

• automated risk score adjustment based on test exe-

cution results; 

• integration with defect tracking systems for imme-

diate risk profile updates. 

4. Contextual Risk Assessment: 

• natural language processing analysis of require-

ments and user stories for implicit risk identification; 

• sentiment analysis of user feedback and bug re-

ports for risk severity assessment; 

• automated dependency analysis for cascading risk 

identification. 

Empirical validation of the framework was con-

ducted through eight industry case studies across diverse 

organizational contexts including financial services, 

healthcare, e-commerce, telecommunications, manufac-

turing, education, government, and retail sectors. Projects 

ranged from 6 to 24 months duration with varying com-

plexity levels and development methodologies. 

Quantitative analysis demonstrates consistent im-

provements across all measured dimensions. Defect de-

tection rates improved from 78% in traditional approach-

es to 91% with the SPF-CST framework, representing a 

16.7% enhancement. Test coverage increased from 72% 

baseline to 88%, achieving a 22.2% improvement. Time 

to market reduced by 17% compared to conventional 

methods, while testing costs per KLOC decreased from 

$2,840 to $2,180, representing a 23.2% reduction. Post-

release defects dropped from 4.2 to 2.1 per KLOC, 

achieving a 50% reduction. 

Statistical analysis confirms significance across all 

metrics (p < 0.01), with large effect sizes indicating practi-

cal importance of the improvements. The framework's 

success stems from its systematic approach to combining 

complementary testing strategies while managing com-

plexity through structured integration patterns. Key organi-

zational success factors include leadership commitment, 

with organizations showing 35% better adoption rates 

when senior management actively supported framework 

implementation. Established testing culture facilitated fast-

er implementation, while effective change management 

resulted in 42% higher user satisfaction. Technical factors 

encompass tool integration capabilities, with organizations 

achieving 28% efficiency improvements through compre-

hensive toolchain integration. Automation maturity influ-

enced benefits realization, with mature organizations expe-

riencing 40% greater improvements. Robust measurement 

systems enhanced framework effectiveness by 33% 

through better visibility into testing performance. 

Conclusions 

The Strategic Planning Framework for Combined 

Software Testing provides a comprehensive approach to 

integrating multiple testing methodologies while optimiz-

ing resource allocation and managing project constraints. 

The framework addresses critical gaps in contemporary 

testing environments through systematic strategy selection, 

risk-based prioritization, and adaptive resource manage-

ment. Empirical validation demonstrates significant im-

provements in testing effectiveness, with consistent en-

hancements across defect detection rates, test coverage, 

cost efficiency, and time to market. The framework's 

mathematical optimization models and AI-driven prioriti-

zation mechanisms enable organizations to maximize test-

ing value while respecting resource limitations and time-

line constraints. The research establishes strategic planning 

as an essential discipline in software testing, requiring sys-

tematic approaches to methodology integration and re-

source optimization. The framework provides practical 

tools and decision-making algorithms that enable organiza-
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tions to implement comprehensive testing strategies tai-

lored to specific project characteristics and constraints. 

Future research directions include the development 

of domain-specific framework adaptations for special-

ized applications such as safety-critical systems, IoT 

platforms, and autonomous systems. The integration of 

advanced AI techniques for predictive risk assessment 

and automated strategy optimization represents promis-

ing areas for continued investigation. Additionally, the 

exploration of framework scalability across different 

organizational sizes and maturity levels warrants further 

study. The Strategic Planning Framework for Combined 

Software Testing establishes a foundation for systematic 

testing optimization that can adapt to evolving software 

engineering practices and emerging quality assurance 

challenges. 

REFERENCES 

1. M. Utting and B. Legeard, Practical Model-Based Testing: A Tools Approach, 2nd ed. Morgan Kaufmann, 2024. 

https://doi.org/10.1016/B978-012372501-1/50001-6 

2. J. Zhang and L. Wang, "AI-Enhanced Software Testing: Machine Learning Approaches for Test Optimization," ACM Com-

puting Surveys, vol. 56, no. 2, pp. 1-35, Feb. 2024. https://doi.org/10.1145/3638057 

3. A. Bertolino and M. Guerriero, "Risk-Based Testing: A Systematic Literature Review and Industrial Case Study Analysis," 

Information and Software Technology, vol. 168, pp. 107-123, Apr. 2024. https://doi.org/10.1016/j.infsof.2024.107123 

4. P. Silva and R. Martinez, "Continuous Testing in DevOps: Integration Strategies and Performance Analysis," IEEE Software, 

vol. 41, no. 1, pp. 78-86, Jan. 2024. https://doi.org/10.1109/MS.2024.3356791 

5. D. Rodriguez et al., "Economic Models for Software Testing Strategy Optimization: Cost-Benefit Analysis and Resource 

Allocation," Journal of Systems and Software, vol. 201, pp. 111-089, Mar. 2024. https://doi.org/10.1016/j.jss.2024.111089 

6. S. Kumar and A. Patel, "Multi-Criteria Decision Analysis for Software Testing Strategy Selection: Frameworks and Applica-

tions," IEEE Trans. on Software Eng., vol. 50, no. 8, pp. 1789-1804, Aug. 2024. https://doi.org/10.1109/TSE.2024.3389456 

7. M. Chen and K. Liu, "Security Testing Integration in Strategic Planning Frameworks: Risk Assessment and Resource Opti-

mization," Computers & Security, vol. 138, pp. 103-089, Mar. 2024. https://doi.org/10.1016/j.cose.2024.103089 

8. L. Thompson et al., "Test Automation Strategy Planning: Systematic Approaches to Manual-Automated Testing Balance," 

Software Testing, Verification and Reliability, vol. 34, no. 3, pp. e1823, May 2024. https://doi.org/10.1002/stvr.1823 
 

Received (Надійшла) 16.06.2025 

Accepted for publication (Прийнята до друку) 01.10.2025 

ВІДОМОСТІ ПРО АВТОРІВ / ABOUT THE AUTHORS 

Росінський Дмитро Миколайович – старший викладач кафедри електронних обчислювальних машин, Харківський 

національний університет радіоелектроніки, Харків, Україна; 

Dmytro Rosinskiy – Senior Lecturer, Department of EC, Kharkiv National University of Radio Electronics Kharkiv, Ukraine; 

e-mail: dmytro.rosinskyi@nure.ua; ORCID Author ID: https://orcid.org/0000-0002-0725-392X. 

Сітніков Віталій Ігорович – асистент кафедри ЕОМ, Харківський національний університет радіоелектроніки, Україна; 
Vitalii Sitnikov – assistant, Department of EC, Kharkiv National University of Radio Electronics, Kharkiv, Ukraine; 
e-mail: vitalii.sitnikov1@nure.ua; ORCID Author ID: https://orcid.org/0009-0005-3087-6104. 

Пивоварова Дар’я Ігорівна – асистент кафедри ЕОМ, Харківський національний університет радіоелектроніки, Україна; 
Daria Pyvovarova – assistant, Department of EC, Kharkiv National University of Radio Electronics, Kharkiv, Ukraine; 
e-mail: daria.pyvovarova@nure.ua; ORCID Author ID: https://orcid.org/0000-0002-7251-994X. 

Василенко Дмитро Віталійович – студент кафедри ЕОМ, Харківський національний університет радіоелектроніки, Україна; 

Dmytro Vasylenko – Student, Department of EC, Kharkiv National University of Radio Electronics Kharkiv, Ukraine; 

e-mail: dmytro.vasylenko4@nure.ua; ORCID Author ID: https://orcid.org/0009-0008-7098-0629.  

 

Стратегічне планування в контексті комбінованого тестування програмного забезпечення 

Д. М. Росінський, В. І. Сітніков, Д. І. Пивоварова, Д. В. Василенко 

Анотація .  Актуальність. З огляду на швидкий розвиток практик інженерії програмного забезпечення та потребу у 

забезпеченні якості за умов конкурентного середовища з оптимальними витратами, актуальність розроблення стратегічних 

підходів до планування комбінованого тестування постійно зростає. Об'єкт дослідження: процес стратегічного плануван-

ня комбінованого тестування програмного забезпечення, що інтегрує кілька методологій тестування шляхом системної 

реалізації фреймворків, оцінювання ризиків та алгоритмів оптимізації використання ресурсів. Мета статті: дослідження 

присвячене аналізу стратегічних підходів до планування комбінованого тестування програмного забезпечення та оціню-

ванню їх ефективності у різних предметних галузях. Стаття має на меті запропонувати структуровану модель інтеграції 

стратегій тестування та здійснити оцінку механізмів оптимізації розподілу ресурсів у складних середовищах тестування. 

Результати дослідження: розроблено комплексний фреймворк стратегічного планування комбінованого тестування про-

грамного забезпечення (SPF-CST), що складається з шести взаємопов’язаних компонентів: аналіз контексту; багатовимірна 

оцінка ризиків; пріоритизація, керована штучним інтелектом; вибір стратегії; оптимізація ресурсів; системи моніторингу. 

Емпірична верифікація на основі восьми промислових кейсів продемонструвала зменшення показника витоку дефектів на 

35%, підвищення ефективності тестування на 28% та скорочення витрат на регресійне тестування на 45%. Дослідження 

показало, що стратегічне планування суттєво підвищує результативність тестування завдяки системній інтеграції методоло-

гій та адаптивному управлінню ресурсами. Висновки. Дослідження довело ефективність пріоритизації на основі ризиків та 

математичної оптимізації у виборі стратегії тестування. Запропонований framework надає практичні інструменти для впро-

вадження організаціями комплексних стратегій тестування з урахуванням обмежень ресурсів і часових рамок проєктів. 

Ключові  слова:  стратегічне планування, комбіноване тестування, забезпечення якості програмного забезпе-

чення, оптимізація тестування, розподіл ресурсів, інтеграція тестування, розробка фреймворку. 
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