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Abstract: This research aims to investigate the impact of implementing cost design based on 

functional analysis and specification analysis, augmented by artificial intelligence algorithms, on 

improvement healthcare service efficiency and improved customer regarded value at Ibn Al-Bitar 

Specialized Hospital for Heart Operation. Achieving a balance between functional performance and 

actual costs is the focus of cost design, which is recognized as a modern tool in cost management. By 

aligning healthcare services with patient needs and expectations, specification analysis contributes. 

Patient questionnaires, interviews with medical and organizational staff, and operational data 

analysis from the  infirmary are the tools used for the applied analytical practice of the study, which 

utilizes both quantitative and qualitative research tools. Artificial intelligence models served as 

supporting tools in identifying patterns and  opportunities for performance growth.  Decision trees, 

regression analysis, and clustering algorithms were used to identify expense sources and ineffective 

functions.  The findings show that using this integrated model has a statistically significant positive 

influence on service efficiency by lowering resource waste and enhancing treatment process quality.  

Furthermore, the findings showed that patient satisfaction and perceived value rose, especially when 

it comes to concerns like responsiveness, dependability, and transparency. To offer cost-effective, 

high-quality, and customer-centered healthcare services, the study suggests using this 

methodological approach as a sustainable framework for specialized hospitals, by integrating 

traditional analysis tools with AI algorithms. 

Keywords: : Cost Design, Functional & Specification Analysis, Artificial Intelligence Algorithms, 

Healthcare Service Efficiency, Customer Perceived Value. 

 

1. Introduction 

Healthcare institutions are facing more challenges in a dynamic environment where 

healthcare costs are increasing, patient expectations are increasing, and there is an 

increasing demand to improve service quality and efficiency. To enhance operational 

performance and service quality while optimizing available resources, it is necessary to 

use advanced managerial and technological approaches. Cost design is one of the 

management methodologies aimed at providing high-quality functions and services at 

minimum cost, with a focus on what holds true value for the customer [1], [2]. To reduce 

costs and improve quality, functional analysis is a key component of this methodology, 

which is used to identify essential and non-essential service or product functions [3]. The 

objective of specification analysis is to match the characteristics of healthcare services with 

patient needs and expectations, resulting in the delivery of customer-oriented, scalable, 

and measurable services. Advanced analytical techniques can now support traditional 
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management tools with the rapid advancement of artificial intelligence algorithms, which 

can uncover hidden patterns in healthcare data, predict inefficiencies, and propose more 

effective alternatives. AI is integrated into a cost design framework to enhance healthcare 

performance through strategic use of functional analysis and specification incorporated 

[4]. This study applies the Specializing model at Ibn Al-Bitar Specialized Hospital for 

Cardiac specializing—one of Iraq’s leading specializing medical centers, which life history 

high demand on its human composite material resources due to the complex nature of its 

operations. The research is designed to evaluate how this methodological integration can 

enhance the efficiency of healthcare services, reduce costs, and increase patient-perceived 

value [5], [6]. 

 

2. Materials and Methods 

Research Methodology and Previous Studies 

1.1 Research Methodology: 

The purpose of this unit is to provide an impression of the research problem, its 

importance, objectives, hypotheses, the research populace and sample, and the scientific 

method used in the study. 

1.1.1 Research Problem: 

Healthcare institutions are among the subdivisions most burdened by complex tests 

related to balancing high-quality service delivery with rising working costs. While 

patients increasingly request personalized and high-quality care, hospitals struggle with 

incomplete resources, high operating expenses, and weight on both substructure and 

medical personnel. These realities underline the crucial need for advanced organization 

systems. 

Cost design is a modern decision-making tool focused on cost reduction through 

ornamental the functional performance of services and products without compromising 

their quality or effectiveness. Functional analysis plays a key role in identifying essential 

and non-essential service functions, aiming to redesign them in ways that enhance 

efficiency. Specification analysis accompaniments this by evaluating how well service 

characteristics align with patients' expectations and requirements. The use of healthcare 

and operational data to predict waste sources and service inefficiencies can further 

improve the effectiveness of these traditional methodologies with the progression of 

artificial intelligence technologies. The Iraqi healthcare context does not fully assimilate 

these methodologies, functional analysis, specification analysis, and AI. Complex 

procedures in specialized facilities like Ibn Al-Bitar Specialized Hospital for Cardiac 

Surgery are especially stimulating, as they place a significant strain on both human and 

physical resources. The central enquiry is the foundation of this research. 

"To what extent does cost design, based on functional and specification analysis and 

enhanced by artificial intelligence algorithms, affect the efficiency of healthcare services 

and the perceived value for customers at Ibn Al-Bitar Specialized Hospital for Cardiac 

Surgery?". 

1.1.2 Research Significance: 

In contemporary healthcare management, cost reduction, efficiency enhancement, 

and improving patient satisfaction through perceived value are all strategic priorities that 

this study addresses. Given the mounting challenges facing specialized hospitals in Iraq—

particularly Ibn Al-Bitar Hospital—there is a growing need for integrated models that 

combine administrative analysis with technological innovation to achieve performance 

excellence. The importance of this research is reflected in the following dimensions: 

1. Theoretical Significance: This study contributes to the academic literature by 

exploring the application of cost design within the healthcare sector, integrating 

it with functional and specification analysis. It introduces a novel model that 

blends traditional management tools with AI technologies, opening new 

avenues for research on the interrelations between cost, quality, and value. 
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2. Practical Significance: The research offers a practical framework for healthcare 

institutions to improve resource allocation and reduce waste without 

compromising the quality of care. It provides hospital administrators—

particularly at Ibn Al-Bitar—with data-driven methodologies to enhance 

healthcare delivery and patient satisfaction. Moreover, it strengthens 

institutional capacity to harmonize clinical, technical, administrative, and 

economic aspects of service management. 

3. Societal Significance: Enhancing healthcare service efficiency and reducing 

costs can promote more equitable access to care, particularly for low-income 

populations. It also helps rebuild trust between patients and healthcare 

institutions by delivering high-quality, patient-centered services grounded in a 

real understanding of patient needs. 

In summary, this research is not only a theoretic influence but also a practical step 

toward improving working competence in Iraqi hospitals. It leverages AI technologies for 

cost and value management and serves as a model for maintainable healthcare growth. 

1.1.3 Research Objectives: 

The aim of this study is to examine and evaluate how cost design, which incorporates 

functional and specification analysis and artificial intelligence algorithms, can boost 

healthcare service efficiency and enhance customer-perceived value. The research aims to 

accomplish the specific objectives listed below: 

1. The objective is to explore the conception of cost design and clarify its importance 

in improving execution and decreasing costs in healthcare facilities. 

2. To stress the importance of functional analysis in determining crucial and non-

critical healthcare service functions and its influence on optimizing operating 

effectiveness. 

3. The goal of this study is to examine the significance of specification analysis in 

coordinate healthcare service attributes with synthetic expectation and needs. 

4. design discover how artificial intelligence assists in operational and specification 

analysis through the extraction of patterns and the manufacture of procedure 

analytical insights. 

5. To evaluate the effect of improving three approaches: cost planning, functional 

analysis, and specification analysis Augmented Running AI, on enhancing the 

effectiveness of healthcare services at Ibn Al-Bitar Specialized Hospital for 

Cardiac Surgery. 

6. To evaluate the impact of this integrated model on increasing customer value in 

terms of quality, reliability, and aligning service with patient needs and 

expectations. 

1.1.4 Research Hypotheses: 

This study is steered by a set of hypotheses intended to test the relationship between 

the constituent of cost design—namely, functional analysis, specification analysis, and 

artificial intellect—and their influence on healthcare service efficiency and customer 

regarded value. The central hypothesis is as follows: There is a statically significant 

relationship between the request of cost design—based on functional and identification 

analysis enhanced by AI computer algorithms—and the efficiency of healthcare services 

and the sensed value for customers at Ibn Al-Bitar Specializing Hospital for Cardiac 

Operation. The main hypothesis is the starting point for the following sub-hypotheses: 

1. Improving healthcare service efficiency and reducing resource waste can be 

achieved through functional analysis in a statistically significant manner. 

2. The alignment of healthcare services with patient needs and expectations is 

greatly enhanced by specification analysis. 

3. By utilizing artificial intelligence algorithms, functional and specification analysis 

outcomes can be strengthened, which leads to more effective managerial decision-

making. 
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4. An increase in customer perceived value in terms of service quality and patient 

satisfaction is a result of implementing this integrated model. 

1.1.5 Research Population and Sample: 

All hospitals and healthcare units operating in Iraq are a part of the research 

population as they face significant challenges in cost management, service efficiency 

improvement, and achieving patient satisfaction despite complex operational conditions 

and resource constraints. Ibn Al-Bitar Specialized Hospital for Cardiac Surgery was 

chosen as the research sample because it represents an advanced and specialized 

healthcare environment, and it is one of the top institutions in cardiac surgery and critical 

care in Iraq. adventures hospital adventures high demand for its services and handle 

highly complex medical procedures, making it backdrop ideal setting for testing the effect 

of a cost design model based on identification and specification analysis computer 

algorithms by AI algorithms. The objective of this case study is to assess the feasibility of 

implementing the integrated model in a specialized hospital setting through detailed 

application. The study evaluates the model's impact on healthcare service efficiency and 

patient perceived value, as well as the potential benefits of data-driven analysis and AI-

enhanced management tools for this institution. 

1.1.6 Research Approach: 

This study adopts an applying analytical approach, focusing on the practicable 

implementation of a cost design modeling built upon functional analysis and specification 

analysis, improved enhanced by artificial intelligence algorithms, operating the 

operational context of Ibn Al-Special Specialized Hospital Operation Cardiac Surgery. The 

research is focused on implementing and evaluating this model through practical 

implementation, monitoring its impact on healthcare service efficiency, and evaluating 

customer perception of value based on actual service outcomes. The study was showed 

by collecting and analyzing real working data from the hospital, which comprised cost 

and resource usage data, medical and administrative process workflows, healthcare 

consequences, and performance indicators. AI algorithms were used to evaluate acquired 

data, uncover hidden patterns, identify waste sources, and optimize cost design and 

functional operations.  Compared to theoretical or survey-only methods, this practical 

methodology allows for a more precise and realistic assessment of the model's 

effectiveness, cumulative the research's validity and potential relevance to different 

healthcare settings. 

1.2 Previous Studies and Contribution of the Current Research: 

This section gauges earlier research that is pertinent to the current research issue, 

stressing how this study adds to the field and diverges from the current literature. 

3. Results and Discussion 

1.2.1 Previous Studies: 

The following unit tourist magnetisms key studies linked to the current research 

stress: 

1. Garcia et al. "Specification Analysis and AI: Improving Healthcare Service Quality 

in European Cardiac Centers": The determination of this study was to determine 

the effectiveness of specification analysis assisted by AI in refining the quality of 

healthcare services in European cardiac surgery centers.  The goalmouth was to 

assess how effectively services met patient forecasts and perceived value.  

According to the findings, mixing AI into medical services improves accuracy and 

relevance, subsequent in superior care quality and enduring perceived value [7], 

[8].  The study found that this integration helped to reduce medical errors and 

improve the overall enduring knowledge, confirming AI's promise as a delivery 

tool for refining healthcare service standards [9]. 

2. Johnson et al. "Integrating Cost Design with AI for Patient-Centered Care in 

Cardiology Clinics": This study looked at how cost scheme, functional analysis, 
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and obligation analysis were combined in cardiology clinics, using AI methods to 

augment them.  The goal was to improve the excellence of care and increase 

enduring happiness [10].  This mixture was established to save costs while 

maintenance care standards, subsequent in more modified and receptive 

healthcare.  The study highlighted the connotation of AI in increasing the accuracy 

of functional and specification analysis, as well as helping the project of patient-

centered services [11]. 

3. Nguyen & Brown: The box of this study was to look into the connotation between 

functional and requirement analysis, assisted by AI, and seeming value in 

healthcare.  According to the findings, combining these methods led to a 

considerable improvement in patient involvements and satisfaction.  According to 

the bang, healthcare facilities employ this method to better familiarize services to 

particular patient demands, subsequent in a higher perceived value and sturdier 

customer loyalty [12], [13]. 

4. Smith & Lee "Cost Design and Functional Analysis in Healthcare: Enhancing 

Efficiency through AI Integration": This study investigated the feasibility of 

combining functional analysis with AI algorithms to improve cost design 

efficiency in major hospitals [14].  Functional analysis prompted by AI was found 

to lower operating costs by 15% while increasing patient satisfaction by 12%.  The 

argument was made that integrating these technologies can offer more precise 

insights into inefficiencies and enhancement provision, which can lead to more 

effective decision-making for operational excellence [15]. 

5. Chen & Wang : To analyze useful costs and services at a China overall hospital, 

this case study used an logical model that was improved by AI. The results 

revealed an 18% reducing in operational expenses, beside notable improvements 

in healthcare execution indicators and care quality [16]. AI facilitated the early 

detection of redundant or non-essential functions, conducive more efficient 

resource appropriation and streamlined running. 

6. Kumar & Patel "AI-Based Cost Optimization and Quality Improvement in 

Healthcare Facilities": This study approached the use of AI technologies for 

optimizing operating costs and improving service quality in multidisciplinary 

hospitals [17]. The results suggested that AI algorithms effectively identified 

superfluous functions and improved resource appropriation, leading to cost 

savings without jeopardizing quality. The study concluded that AI enhances 

managerial decision-making in process reengineering and healthcare delivery 

improvement. 

1.2.2 Contribution of the Current Research and Its Distinction from Previous Studies: 

The current study aims to offer a tangible contribution to the field of healthcare cost 

design by utilizing a comprehensive methodology that combines functional analysis, 

specification analysis, and artificial intelligence algorithms—applied specifically within 

Ibn Al-Bitar Specialized Hospital for Cardiac Surgery in Iraq [18]. This research differs 

from previous studies in several key ways: 

1. Practical Application in a Local Healthcare Context: The present study is focusing 

on a specialized hospital within the Iraqi healthcare system, unlike most previous 

studies that have been focused on healthcare institutions in Europe, China, or other 

regions. The practical value is added when the unique operational and resource 

challenges in Iraq are addressed, and contextual insights are provided that are 

relevant to the national health environment. 

2. Integrated Framework Combining All Three Methodologies: Unlike many 

previous studies that reviewed these methods in isolation or focusing on only one 

tool, the current research presents a united model that links cost designing, 

functional analysis, and specification analysis within a singular AI-enhanced 
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framework [19], [20]. The goal of this comprehensive approach is to achieve 

comprehensive enhancements in both efficiency and perceived value. 

3. Focused Evaluation of Client Perceived Value and Service Competence: This 

research emphasizes the impact of addition on patient-perceived value, which is a 

vital issue in service quality, as well as operational competence. This focus adds a 

significant measurement to the research as cardiac surgery patients are a sensitive 

populace that require a exact balance between quality and price. 

4. Applied, Real-World Methodology: This study uses an applying methodology 

that is premised on actual clinic data and real-world implementation, unlike many 

earlier studying that relied heavily on surveys or notional models [21]. The 

findings are more trustworthy and the model can be reproduced in similar 

healthcare atmosphere due to this. 

In summary, the current research offer a fresh outlook on the topic of cost designing, 

functional analysis, and specification analysis that is supported by AI. The objective is to 

boost quality and efficiency in durable medical care delivery through a practical, data-

driven, and integrated model for a specialized Iraqi clinic [22]. 

Part Two: Theoretical Framework of the Research 

2.1 Concept and Importance of Cost Design: 

Cost design refers to the procedure of determining and structure the cost framework 

of a product or service in a way that balancing quality with operating efficiency, thereby 

enabling the delivery of optimum value to the customer while preserving financial 

control. It is considered a fundamental tool of strategic cost management, as it integrates 

financial considerations with operational processes to support organizational objectives 

[23]. 

Functional analysis is frequently used in cost design to examine the core functions 

and activities associated with a product or service, accurately identifying the costs tied to 

each function. This facilitates operational restructuring and waste reduction, ultimately 

enhancing both financial and operational performance in healthcare institutions and 

beyond [24], [25]. 

In the healthcare sector, cost design becomes increasingly complex due to the 

multiplicity of services and the intricacy of medical processes. In hospitals, it plays a vital 

role in improving resource allocation, delivering high-quality healthcare services, and 

minimizing unnecessary expenditures—thereby supporting the financial sustainability of 

healthcare organizations. 

Cost design is also essential for boosting service efficiency by identifying non-value-

adding functions and either eliminating or improving them. This helps reduce operational 

costs and increase productivity without compromising the quality of care delivered [26]. 

The significance of cost design can be summarized as follows: 

1. It enhances institutional competitiveness by improving cost control. 

2. It supports strategic decision-making based on precise financial analysis. 

3. It aids in future budget planning by providing detailed insights into functions 

and cost structures. 

4. It contributes to customer satisfaction by ensuring service quality at a reasonable 

cost. 

Despite its many benefits, cost design faces several challenges, particularly in data 

collection and analysis—especially in service-based sectors with complex and multi-

layered processes. Effective implementation requires advanced technical skills and 

modern analytical tools. 

The emergence of artificial intelligence has significantly enhanced cost design 

capabilities by providing powerful analytical tools that allow for deeper data insights and 

more accurate cost forecasting. Intelligent algorithms improve decision-making accuracy 

and reduce financial risks. 
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Ultimately, the goal of cost design is not merely to cut expenses but to achieve a 

strategic balance between cost and quality, thereby enhancing perceived customer value. 

Delivering high-quality healthcare services or products at an appropriate cost increases 

customer satisfaction and fosters long-term loyalty to the organization [27], [28], [29]. 

2.2 Functional and Specification Analysis and its Relationship with Cost Design: 

Functional analysis is a systematic approach aimed at understanding the various 

functions within a system or product and assessing their role in achieving strategic goals. 

This method contributes to cost design by distinguishing between value-adding activities 

and those that incur unnecessary costs, enabling more efficient resource allocation [30]. 

Specification analysis, on the other hand, focuses on establishing precise technical 

standards for a product or service, ensuring that execution aligns with clearly defined 

requirements. It supports cost control in production by identifying the exact resources 

needed, thereby minimizing both waste and shortages. 

Integrating functional and specification analyses creates a robust foundation for 

effective cost design. Together, they offer a comprehensive perspective that aligns 

functional requirements with technical specifications, improving resource efficiency and 

minimizing waste [31]. 

In healthcare, functional analysis is applied to detail and cost medical services 

accurately. This supports process redesign and cost optimization while maintaining the 

quality of care. The importance of both functional and specification analysis in cost design 

can be summarized as follows: 

1. It enables identification of cost-critical functions for reengineering or 

optimization. 

2. It supports precise specification development that reduces waste and prevents 

unjustified cost increases. 

3. It enhances coordination between technical and managerial teams, minimizing 

operational gaps. 

4. It fosters a balance between performance and economic efficiency aligned with 

organizational objectives [32]. 

Through detailed specification analysis, design errors that may lead to rework and 

additional costs can be prevented, providing a structured framework for quality 

assurance and cost improvement. 

Artificial intelligence technologies further enhance the efficiency of functional and 

specification analyses by processing large volumes of data and uncovering hidden 

patterns—contributing to more accurate and flexible cost design models [33], [34]. 

However, successful integration of these analyses requires advanced coordination 

between technical and administrative teams, along with the use of sophisticated analytical 

tools and reliable data sources—challenges that are particularly significant for 

organizations with limited infrastructure [35]. 

2.3 The Role of AI-Enhanced Functional and Specification Analysis in Cost Design: 

Functional analysis relies on collecting and interpreting accurate data on various 

organizational activities and functions. The use of artificial intelligence (AI) algorithms—

such as reinforcement learning and big data analytics—significantly enhances both the 

speed and accuracy of such analyses. This enables organizations to identify functions that 

directly contribute to production or service delivery costs, thus supporting strategic 

decisions to optimize resource allocation and eliminate inefficiencies. 

Specification analysis requires a deep understanding of technical and engineering 

requirements. Machine learning techniques allow continuous evaluation of changes in 

specifications and their impact on design and production costs [36]. This enables rapid 

adaptation to evolving market demands, thereby increasing the flexibility of cost design. 

AI also facilitates the identification of redundant or non-value-adding functions and 

specifications through ongoing data analysis and periodic updates. This contributes to 
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process reengineering, waste reduction, and improved operational efficiency, ultimately 

enhancing cost design and supporting long-term business sustainability. 

Decisions related to cost design are inherently complex, requiring a careful balance 

between cost efficiency and service quality. AI-driven analytics provide decision-makers 

with advanced insights derived from large-scale data, enabling accurate cost forecasting 

and flexible financial planning that adapts to changing demands [37]. 

Key contributions of AI in supporting functional and specification analysis include: 

1. Efficient processing and interpretation of vast operational datasets, accelerating 

decision-making and revealing cost-driving patterns. 

2. Forecasting future costs based on specification and function changes, thereby 

supporting proactive financial planning. 

3. Recommending process redesigns based on analytical outcomes to reduce costs 

while maintaining service quality. 

4. Enhancing the balance between service cost and quality by delivering insights 

that reflect true customer value. 

5. Enabling continuous performance monitoring with dynamic updates that 

support ongoing efficiency improvements and waste reduction. 

Nonetheless, organizations face several barriers such as limited access to accurate 

data, the need for specialized technical personnel, and resistance to organizational change, 

which may restrict the full potential of AI utilization [38]. 

Recent studies indicate that future advancements in AI will further empower 

organizations to integrate functional and specification analysis more effectively. This will 

be achieved through the development of advanced predictive models and ongoing 

enhancements in cost design processes—ultimately supporting greater sustainability and 

institutional success [39]. 

2.4 A Proposed Mathematical Model for Cost Design Using Functional Analysis and 

Specification Analysis Enhanced by Artificial Intelligence Algorithms: 

Mathematical models are powerful tools for describing the quantitative relationships 

among various system components—such as functions, specifications, and its associated 

costs. These models provide a structured framework for integrating functional analysis 

and specification analysis into a unified approach to cost design, while enhancing 

prediction and optimization through artificial intelligence (AI) technologies [40]. 

Based on this foundation, a proposed mathematical model can be constructed to 

design costs through the combined use of functional analysis and specification analysis, 

supported by AI algorithms. The development of this model involves several steps, as 

follows: 

Step 1: Definition of the Model’s Key Variables: 

The model includes the following essential elements: 

Set of Functions : F={f1 , f2, ……. Fn} Represents all core functions 

or activities involved in delivering the service 

or product. 

Set of Specifications : S={s1 , s2, ……. sn} Represents the technical or 

service specifications that must be met. 

Cost per Function : Cf(fi) Denotes the cost associated with 

executing function fi. 

Cost per Specification : Cs(si) The cost associated with fulfilling 

specification si. 

Relative Importance Weight 

for Each Function 

: wi Represents the relative significance of 

function fi in contributing to the overall cost. 

Relative Importance Weight 

for Each Specification: 

: vi Represents the relative significance of 

specification si in contributing to the overall 

cost. 
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Step 2: Formulation of the Total Cost Function: 

The total cost, denoted as Ctotal can be expressed as a function that combines the 

weights with their respective costs. These weights represent the relative impact of each 

function or specification on the overall cost, formulated as follows: 

𝐂𝐭𝐨𝐭𝐚𝐥 = ∑ 𝐰𝐢 × 

𝐧

𝐢=𝟏

𝐂𝐟(𝐟𝐢) +  ∑ 𝐯𝐢 × 

𝐧

𝐢=𝟏

𝐂𝐬(𝐬𝐢)  

Whereas: 

Total cost. : Ctotal 

Number of functions or specifications affecting the cost. : n 

The weight or relative importance of function fi in terms of its impact 

on cost (the higher the value, the greater the function’s impact on the 

total cost). 

: wi 

Cost associated with function fi. : Cf(fi) 

The weight or relative importance of specification Si in terms of its 

impact on cost (the higher the value, the greater the specification’s 

impact on the total cost). 

: vi 

Cost associated with specification Si. : Cs(Si) 

Step 3: Estimation of Weights Using Artificial Intelligence Algorithms: 

The weights wi and vi are not fixed values; instead, they are dynamically optimized 

through artificial intelligence algorithms such as Artificial Neural Networks (ANN) or 

reinforcement learning [41]. These weights can be represented as functions dependent on 

a set of input variables x, where the functions adjust the weights to enhance estimation 

accuracy based on historical and evolving data, as follows: 
𝐟𝐰𝐀𝐈(𝐱) = 𝐟𝐯𝐀𝐈(𝐱) , 𝐰𝐢 =  𝐯𝐢   

Whereas: 

Input set (may include data on functions, specifications, 

past performance, market requirements, etc.). 

: x 

A machine learning function that calculates the optimal 

weights based on dynamic inputs. This could represent a 

neural network model or a reinforcement learning 

algorithm. 

: fw AI(x) 

Indicates that the same AI algorithm is used to calculate the 

weights of both functions and specifications, assuming their 

values are equal in this context. 

: fw AI(x) = fv AI(x) 

The weights are no longer fixed, but rather outputs of a 

machine learning function that depends on x. 

: wi , vi 

Step 4: Decomposition of the System into Sub-Functions to Simplify the Model: 

Each function fi   can be broken down into sub-functions fi,k  enabling more detailed 

analysis and reducing the overall complexity of the model, as follows: 

𝐂𝐟(𝐟𝐢) = ∑ 𝐂𝐟(𝐟𝐢, 𝐤)

𝐩

𝐤=𝟏

 

Whereas: 

Main function number i. : fi 

Sub-function number k associated with main function number i. : fi,k 

Number of sub-functions within each main function. : p 

Total cost of the main function fi. : Cf(fi) 

Partial cost of each sub-function fi,k. : Cf(fi,k) 

Step 5: Incorporating Resource and Budget Constraints into the Model: 

Resource constraints (such as time, materials, and labor) and budget limits are 

integrated into the model through constraints of the following form, where Ri represents 
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the resources required for function  fi  and Rmax denotes the maximum available resources, 

as follows: 

∑ 𝐰𝐢  × 

𝐧

𝐢=𝟏

𝐑𝐢 ≤  𝐑𝐦𝐚𝐱  

Whereas: 

The weight or relative importance of function fi in terms of its impact on 

cost (the higher the value, the greater the function’s impact on the total 

cost). 

: wi 

The amount of resources required to perform function fi (may include 

execution time, number of personnel, materials, or even energy). 

: Ri 

Total available resources, i.e., the upper limit that cannot be exceeded. : Rmax 

Number of main functions or number of fundamental elements analyzed 

in the model. 

: n 

Step 6: Multi-Objective Goal Function (Balancing Cost and Quality): 

A multi-objective goal function can be formulated to simultaneously minimize cost 

and maximize quality Q. Here, α and β are weights representing the priority of each 

objective, and Q denotes the quality of the service or product, which can itself be modeled 

as a function of specifications and functions, expressed as follows: 
𝐦𝐢𝐧  (𝛂 ×  𝐂𝐭𝐨𝐭𝐚𝐥 −  𝛃 × 𝐐) 

Whereas: 

A weight representing the importance of cost reduction in the objective 

function. 
: 

α 

Total cost. : Ctotal 

A weight representing the importance of quality improvement in the 

objective function. 
: 

β 

Quality of the service or product, which is a function dependent on 

specifications and functions. 
: 

Q 

Step 7: Dynamic Evaluation and Model Updating: 

The model is periodically updated using artificial intelligence algorithms to 

incorporate new data and enhance performance. This process involves revising the 

weights and costs based on new input data x at time t ensuring flexibility and continuous 

improvement of the design, as follows: 

𝐟𝐰𝐀𝐈(𝐰𝐭)𝐣𝐭−𝟏 =  𝐟𝐯𝐀𝐈(𝐱) , 𝐰𝐭−𝟏 = 𝐯 

Whereas: 

The updated weights at time t, generated by the AI model. : wt 

The previous weights (at time t−1), which are used as input for the 

new update. 

: w(t-1) 

The weight value corresponding to specifications (equivalent to w at 

the previous time step). 

: v 

The new input set (e.g., design data, past performance, market 

changes, etc.). 

: x 

A support variable (may represent performance, deviation, or rate of 

change) used to adjust the weight at time t. 

: j(t-1) 

Machine learning functions (e.g., neural networks, reinforcement 

algorithms) used to generate weights based on real-time data. 

: fwAI(x) ,  

fvAI(x) 

2.5. The Role of Cost Design in Enhancing Healthcare Service Efficiency and Increasing 

Perceived Customer Value 

The role of cost design in improving healthcare service efficiency and enhancing the 

perceived value for customers can be summarized as follows: 

Firstly: The Role of Cost Design in Improving Healthcare Service Efficiency: Cost 

design serves as a fundamental strategic tool for enhancing the efficiency of healthcare 

services by restructuring processes based on functional performance and actual costs, 
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rather than relying on intuition or traditional practices. It allows the differentiation 

between high-value health activities and those that impose financial burdens without 

added value. This leads to better resource allocation and improved utilization of time and 

human capital, as demonstrated by the following points: 

1. Optimal Resource Utilization: Cost design contributes to allocating resources 

proportionally to the significance of each medical activity, reducing waste and 

increasing operational efficiency [42]. 

2. Reduction in Patient Readmission Rates: By evaluating the costs related to 

treatment errors and deficiencies, it becomes possible to lower the need for 

patient readmission or corrective interventions [43]. 

3. Balanced Workload Distribution Among Medical Staff: Cost design helps 

assess the productivity of medical teams and assign tasks according to efficiency 

and cost, thereby minimizing burnout and overcrowding [44]. 

4. Standardization of Procedures and Reduction of Variability Across 

Departments: Accurate cost design supports the unification of medical and 

administrative protocols, reducing quality disparities among hospital units. 

5. Continuous Waste Reduction Throughout the Service Lifecycle: Value chain 

analysis identifies unnecessary activities, enhancing operational efficiency and 

minimizing waste. 

6. Support for Digital Integration and Real-Time Data Operations: When 

integrated with digital monitoring systems, cost design enables real-time 

tracking of financial and operational performance, facilitating flexible and rapid 

decision-making. 

Secondly: The Role of Cost Design in Enhancing Perceived Customer Value: Cost 

design is directly linked to customer satisfaction and the value perceived from the service. 

Delivering efficient service alone is insufficient; the service must also align with patients’ 

expectations concerning quality, comfort, and health outcomes. Customer-centered cost 

design focuses spending on services that generate the highest psychological and practical 

impact, thereby improving patient experience and fostering loyalty: 

1. Aligning Services with What Truly Matters to the Customer: By analyzing 

costs according to customer priorities, services can be redesigned to meet what 

customers consider valuable. 

2. Improving Care Outcomes from the Customer’s Perspective: The design 

emphasizes activities that produce tangible results, such as pain relief and 

accelerated recovery, boosting perceived value. 

3. Enhancing Transparency and Trust in Customer Relationships: When 

customers understand how resources are allocated based on their needs, trust 

increases, and they perceive costs as reflecting genuine quality. 

4. Linking Clinical Value to Economic Value in the Patient’s View: The design 

ensures a balance between the cost paid and therapeutic outcomes, enhancing 

patients’ sense of fairness and value. 

5. Raising Customer Expectations and Anticipating Needs through AI: Artificial 

intelligence can predict patients’ needs in advance and personalize services 

accordingly, increasing perceived value [45]. 

6. Focusing on Service Elements that Strengthen Patient Loyalty: The design 

targets emotional and behavioral aspects such as human communication and 

promptness of service, fostering loyalty and encouraging repeat visits. 

Part Three: Practical Aspect of the Research 

3.1. Overview of the Research Sample (Ibn Al-Bitar Specialized Hospital for Cardiac 

Surgery): 

Ibn Al-Bitar Specialized Hospital for Cardiac Surgery is a specialized medical center 

located in Baghdad, the capital of Iraq. It is regarded as one of the leading hospitals in the 

region specializing in cardiac surgery and the treatment of various heart diseases. The 
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hospital’s strategic location allows it to serve patients from Baghdad and neighboring 

provinces, making it a crucial center for specialized cardiac care in Iraq. The hospital offers 

a complete variety of services, counting: 

1. Precise diagnostics by forward technologies such as angiography, 

electrocardiography (ECG), and catheter-based angiogram. 

2. Open-heart surgeries inter alia valve repair and replacement, coronal artery 

surgeries, inborn defect repairs, and other complex process. 

3. Minimally aggressive interventional treatment such as cardiac catheterization 

and concentrating pharmacological action. 

The hospital's highly capable cardiac surgery team contains of some of Iraq's most 

knowledgeable physicians, who work with accomplished technicians and nurses.   This 

safeguards that high-quality healthcare is brought in a safe and well-organized 

environment.   The substructure includes modern working rooms outfitted with cutting-

edge medicinal technology, cardiac concentrated care units, and progressive medical labs, 

all of which upsurge treatment outcomes and analytic accuracy. 

  This hospital's study sample contains a diverse range of cardiac cases from patients 

in Baghdad and surrounding areas.   These include congenital heart defects, volvulus 

heart diseases, cardiomyopathy, and coronary artery disease.   This type makes it easy to 

undertake comprehensive research to analyze surgical outcomes and treatment efficacy 

in a changing local situation.. 

The infirmary also contributes meaningfully to medical studies including heart 

circumstances and surgery. It acts as a education ground for doctors and nurses who 

specify in cardiac care as well as a crucial center for making and improving treatment 

methods in Iraq. 

3.2. The application of the proposed accurate model for cost design using functional 

analysis and specification analysis enhanced by artificial intelligence algorithms at the 

Ibn Al-Bitar Specialist Hospital for Heart Surgery in 2024. 

In This exact perfect arises as a cutting-edge tool that syndicates useful analysis, 

technical obligation analysis, and artificial intellect applications in light of the significant 

tests that particular hospitals face in warning costs while if high-quality care.   The model 

efforts to precisely and flexibly estimate the costs of therapeutic operations and services 

by animatedly modifying masses and parameters in reply to real data and performance 

analysis.   This enables deliberate decision-making while also purifying the hospital's 

financial and service performance. 

  The model dynamisms beyond basic cost combination by seeing the significance of 

each medicinal function and practical specification that effects quality.   Furthermore, it 

influences AI algorithms to continuously update and improve the model while accounting 

for real-world restraints on available resources.. 

The following methods validate how Ibn Al-Bitar Specialized Hospital for Cardiac 

Surgery can implement the proposed mathematical cost design model for the year 2024 

using functional and specifications analyses improved by AI: 

Step 1: Define the Basic Variables of the Model: 

The initial stage in structure the model is to define the infirmary's key tasks, which 

reflect medical activities and services counting heart operations, catheterizations, 

intensive care, and treatment.  Similarly, the technical requirements influencing service 

quality must be defined, such as the quality of medical equipment, reaction time, 

diagnostic accuracy, and patient happiness. 

Each function and specification carries an associated annual financial cost, and 

relative weights are assigned to express their significance in determining the total cost. 

These weights reflect the influence of functions and specifications on financial decisions 

and resource allocation. 
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The functions, specifications, their costs, and corresponding weights for Ibn Al-Bitar 

Specialized Hospital for Cardiac Surgery in 2024 can be illustrated in the following table 

1: 

Table 1. Functions, Specifications, Costs, and Weights at Ibn Al-Bitar Specialized 

Hospital for Cardiac Surgery for the Year 2024 

Code Main Function Annual Cost Cf(fi) (IQD) Weight wi 

f1 Open Heart Surgery 450000000 0.34 

f2 Cardiac Catheterization 320000000 0.33 

f3 Intensive Care 500000000 0.35 

f4 Nursing 420000000 0.33 

Code Technical Specification Annual Cost Cs(si) (IQD) Weight vi 

s1 Quality of Equipment 130000000 0.26 

s2 Response Speed 95000000 0.24 

s3 Diagnostic Accuracy 110000000 0.25 

s4 Patient Satisfaction 115000000 0.27 

The table clearly shows that the highest cost is associated with Intensive Care (500 

million IQD), reflecting the significant resources and continuous high-level care required 

for this function. Then comes open heart surgery, which is notoriously expensive and 

complicated.  The weights are fairly close, suggesting that the hospital's functions are 

given equal weight, with Intensive Care receiving a slightly higher priority and the 

highest weight (0.35). 

 Regarding technical specifications, the two most important factors influencing 

service costs are patient satisfaction and equipment quality.  This demonstrates how 

important these elements are to raising the standard of medical care given and improving 

the patient experience.  These weights support the notion that cost is directly related to 

performance quality and is not just a quantitative function.. 

Step 2: Formulating the Total Cost Function: 

Considering their respective effects on the ultimate cost, the weighted costs of both 

functions and specifications are added together to form the total cost function.  This 

function quantitatively demonstrates that the overall cost equals the sum of the weighted 

costs of technical specifications and hospital functions.  By using this method, the hospital 

is able to determine a comprehensive cost figure that takes into account the relative 

importance of each component.  It enables cost analysis that adheres to quality standards 

and encourages concentrated attention on the areas that account for the majority of overall 

expenses. 

The total cost Ctotal can be expressed as a function combining weights and costs, where 

the weights represent the degree of influence each function or specification has on the 

overall cost, as follows: 

 
The entire cost for Ibn Al-Bitar Specialized Heart Surgery Hospital in 2024 can be 

exemplified in the following table 2: 

Table 2. Calculation of the Total Cost at Ibn Al-Bitar Specialized Heart Surgery 

Hospital for the Year 2024 

Component Calculation Result (IQD) 

∑ wi × Cf(fi) 
(0.34×450000000) + (0.33×320000000) + 

(0.35×500000000) + (0.33×420000000) 
572200000 

∑ vi × Cs(si) 
(0.26×130000000) + (0.24×95000000) + 

(0.25×110000000) + (0.27×115000000) 
115150000 

C total Sum of the two components 687350000 

The cost of functions represents the largest portion of the total cost, amounting to 

572.2 million IQD (approximately 83.3% of the overall cost). This indicates that the core 
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medical activities are the primary drivers of expenditure. Meanwhile, the costs related 

with technical stipulations, totaling 115.15 million IQD (16.7%), reflect the asset made to 

ensure service quality and deliver an advanced therapeutic setting. The model proves 

how the hospital can observe service costs in a holistic and stable manner, weighing both 

the capacity of services provided and their quality level. This combined view riggings 

well-informed monetary and decision-making. 

Step 3: Estimation of Weights Using Artificial Intelligence Algorithms: 

Artificial intelligence algorithms such as Artificial Neural Nets (ANN) and 

Reinforcement Learning techniques are used to continuously adjust and improve the 

masses used in the cost function. These processes increase the replica's flexibility and 

dynamism by analyzing presentation data from the past and present before updating the 

masses to more accurately reflect real-world conditions. Thanks to this adjustment of 

weight, the hospital can modify its operational and planning strategies in response to new 

information and changing circumstances. 

The masses wi and vi can be formally expressed as values dependent on the input 

data set x. Based on the evolving and historical data, these functions adjust the weights to 

enhance the accuracy of the estimation in the following ways: 

 
The table below shows the weights at Ibn Al-Bitar Specialist Hospital for heart 

operations in 2024 before and after being adjusted using artificial intelligence: 

Table 3. Weights Beforehand and After AI Adjustment at Ibn Al-Bitar Particular 

Heart Surgery Hospital, 2024 

Function / Specification Manual Weight Weight After AI Adjustment 

Open-heart Surgery 0.34 0.36 

Cardiac Catheterization 0.33 0.34 

Intensive Care Unit (ICU) 0.35 0.37 

Nursing 0.33 0.35 

Quality of Equipment 0.26 0.27 

Response Speed 0.24 0.25 

Diagnostic Accuracy 0.25 0.26 

Patient Satisfaction 0.27 0.28 

The importance of all roles and requirements has slightly increased following the 

implementation of artificial intelligence algorithms. This aligns with artificial intelligence 

analysis, which prioritised patient experience criteria and surgical procedures that 

significantly impact quality and cost, such as open-heart surgery and critical care. The 

model's ability to predict and manage incomes effectively is enhanced by these 

modifications, which also provide a flexible response to shifting working conditions. 

Step 4: Decomposing the System into Sub-functions to Simplify the Model: 

A deeper comprehension of the cost distribution within each function and more 

efficient evaluation and improvement procedures are made possible by breaking down 

important functions into sub-functions.  For instance, the critical care function contains 

manifold subsidiary duties, each having its own cost and influence on the overall cost.  

This precise failure enables the exact identification of fortes and flaws, allowing for more 

beleaguered corrective efforts.  Each purpose fi can be subdivided into sub-functions fi,k, 

which allows for more precise analysis and reduces the model's difficulty, as follows: 

 
The table below demonstrations the detailed cost failure for the Concentrated Care 

function at Ibn Al-Bitar Specific Heart Surgery Hospital in 2024: 
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Table 4. Detailed Cost Failure of the Intensive Care Purpose at Ibn Al-Bitar 

Particular Heart Surgery Hospital for 2024 

Sub-function Cost (IQD) 
Percentage of Main 

Function 

Patient Admission 150000000 30% 

Continuous Monitoring & 

Response 
210000000 42% 

Nursing, Nutrition, and 

Support 
140000000 28% 

Total 500000000 100% 

The table 4 exemplifies that the highest sub-cost within the Concentrated Care 

function is "Continuous Monitoring & Response," secretarial for 42% of the total function 

cost. This indicates that resource allocation and equipment in this area have a major 

impact on overall expenses.  The remaining cost is almost evenly split between the sub-

functions "Patient Admission" and "Nursing, Nutrition, and Support".  This detailed 

breakdown helps to prioritize investments and improvements within each function in 

order to control costs without compromising care quality. 

Step 5: Integrating Resource and Budget Constraints into the Model: 

The model makes the assumption that resources, including labor, materials, and 

working hours, are limited and cannot be used in excess.   Therefore, mathematical 

restrictions are put in place to make sure that the overall amount of resources used doesn't 

surpass the maximum amount that is accessible, which is essential for operational 

sustainability.   This stage guarantees that the model is workable and applicable within 

the actual operational parameters of the hospital . 

  Using constraints of the form, where Ri stands for the resources needed for function 

fi and Rmax for the maximum available resources, the model integrates resource 

constraints (such as time, materials, and labor) and budgetary limitations.: 

∑ 𝐰𝐢  × 

𝐧

𝐢=𝟏

𝐑𝐢 ≤  𝐑𝐦𝐚𝐱  

The following table demonstrates the resource supplies of each function likened to 

the all-out available resources at Ibn Al-Bitar Specialized Heart Process Hospital for the 

year 2024: 

Table 5. Function Resource Requirements vs. Maximum Available Resources at Ibn 

Al-Bitar Specialized Heart Surgery Hospital (2024) 

Function 
Work Hours (Thousands) 

(Ri) 
wi wi × Ri 

Cardiac Surgery 200 0.34 68 

Cardiac Catheterization 180 0.33 59.4 

Intensive Care Unit 220 0.35 77 

Nursing 210 0.33 69.3 

Total 273.7 

Maximum Available (Rmax) 300 

Considering the resources required for each function, prioritised by importance, the 

total labour hours amount to 273,700 hours, which is below the maximum available 

capacity of 300,000 hours. This surplus represents a reserve that enables the hospital to 

respond effectively to increased demand or emergencies, demonstrating an efficient 

resource allocation strategy. This margin provides administrative flexibility and ensures 

that the hospital's operational capacity is not exceeded, thereby reducing the risk of 

financial or operational crises, see Table 5. 

Step 6: Multi-Objective Function (Balancing Cost and Quality): 

The objective function takes into account two conflicting objectives: maximizing 

service quality and minimizing costs.   Optimal balance can be achieved through a multi-
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objective function that uses weights α and β to represent the relative priorities of the 

hospital. The hospital's ability to deliver high-quality care at a reasonable price is reflected 

in the quality measure Q, which is determined by indicators related to technical 

specifications and overall patient satisfaction. Since Q symbolizes the quality of the service 

or product, and α and β are the priority weights for each objective, the multi-objective 

function combines cost reduction and quality improvement. It can be represented as a 

function of the outputs and specifications as follows: 

 
The evaluation of the neutral function of Ibn Al-Baytar Specialized Hospital for 

Cardiac Surgery for 2024 can be summarised in the following table 6: 

Table 6. Objective Function Evaluation at Ibn Al-Bitar Specialized Cardiac Surgery 

Hospital for the Year 2024 

Variable Value 

α (Cost Importance) 0.6 

β (Quality Importance) 0.4 

Total Cost (C total) 687350000 IQD 

Service Quality (Q) 83 (out of 100) 

α × Total Cost 412410000 IQD 

β × Quality Score 33.2 

Objective Function Result -379210000 

The objective function returns a significantly negative value, indicating a positive 

balance between cost reduction and quality improvement. This suggests that the model is 

not only concerned with cutting costs but also achieving an optimal balance while 

maintaining high service quality, which is a key objective for any successful healthcare 

organisation. Multi-objective analysis provides the hospital with a robust framework for 

making strategic decisions based on reliable data. 

Step 7: Dynamic Evaluation and Model Updating 

Weights and costs are updated regularly using artificial intelligence algorithms, 

allowing the model to keep pace with changes in operating conditions and service 

requirements, ensuring continuous performance improvement. This process involves 

reviewing actual data, assessing the model's effectiveness, and making any necessary 

adjustments to weights and other parameters. The model is regularly updated using 

artificial intelligence algorithms that incorporate new input data x at time ttt, ensuring 

flexibility and long-term enhancement as illustrated in: 

 
The proposed model for adjusting weights and costs until 2025 at Ibn Al-Bitar 

Specialist Hospital for Heart Surgery (based on 2024 data) is illustrated in the table below: 

Table 7. Proposed Model for Updating Weights and Costs for 2025 at Ibn Al-Bitar 

Specialized Heart Surgery Hospital (2024 Data) 

Function / 

Specification 

Weight 

2024 

Weight 2025 

(After 

Update) 

Cost 2024 

(IQD) 

Cost 2025 

(Estimated) 

(IQD) 

Open Heart Surgery 0.36 0.35 450000000 440000000 

Cardiac 

Catheterization 
0.34 0.33 320000000 310000000 

Intensive Care Unit 0.37 0.36 500000000 485000000 

Nursing 0.35 0.34 420000000 410000000 

Quality of Equipment 0.27 0.26 130000000 125000000 

Response Speed 0.25 0.24 95000000 90000000 

Diagnostic Accuracy 0.26 0.25 110000000 105000000 

Patient Satisfaction 0.28 0.27 115000000 110000000 
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The table 7 illustrates the anticipated slight increases in both weights and costs, which 

reflect potential changes in operational requirements, such as service expansion or quality 

improvement.  This regular inform settles the model's ability to adapt to altering 

conditions, ensuring its correctness and utility in decision-making. This detailed 

clarification provided a complete overview of the proposed exact model, including its 

applied request at Ibn Al-Bitar Specialty Hospital for Cardiac Surgery, reinforced by 

realistic and strong tables to facilitate a deeper sympathetic of cost analysis and 

performance development. 

3.3 Measuring Health Service Efficiency at Ibn Al-Bitar Specialized Heart Surgery 

Hospital for 2024: 

Gauging the efficiency of healthcare services is a important approach to determining 

a hospital's aptitude to achieve its strategic objects, which include bringing high-quality 

care at a low cost, enhancing enduring satisfaction, and safeguarding the sustainability of 

financial and human resources. To achieve this goal, a amount of variables connected to 

the hospital's core functions and the technical standards of medicinal services were slow 

and evaluated throughout 2024. The presentation review includes learning the total costs 

for each function biased by relative importance, in adding to qualitative and quantitative 

presentation measures that reflect the quality and competence of the service . 

  This detailed analysis allows the hospital to classify the strengths and faintness of 

each function, providing a complete picture of how well the hospital is complementary 

quality of care with working expenses. The next table summarises this assessment: 

Table 8. Performance and Efficiency by Main Functions for 2024 

Function 
Cost 

(IQD) 

Applied 

Weight 

Performance / Efficiency 

Indicators 

Overall 

Evaluation 

Open Heart 

Surgery 
450000000 0.36 

Surgical success rate, 

procedure duration, 

complication rate 

High 

Efficiency 

(85%) 

Cardiac 

Catheterization 
320000000 0.34 

Procedure accuracy, 

waiting time, 

complication rate 

Good (80%) 

Intensive Care 

Unit 
500000000 0.37 

Bed occupancy rate, 

response time, infection 

rates 

Medium to 

High (78%) 

Nursing 420000000 0.35 

Nurse coverage ratio, 

patient satisfaction, care 

quality 

Good (82%) 

The table 8 clearly reveals that the Open Heart Surgery function has the highest 

operational efficiency (85%), costing 450 million IQD and weighing 0.36.   This exemplifies 

that the hospital's asset in this function yields measurable results, such as high medical 

success rates, efficient medical events, and low problems . 

  In comparison, the Cardiac Catheterization function, despite its lower cost (320 

million IQD) and weight (0.34), got an 80% efficiency score.   This demonstrates high-

quality performance while also indicating areas for improvement, particularly in 

decreasing patient wait times. 

 The Intensive Care Unit has the highest cost (500 million IQD) and weight (0.37) but 

a medium to high efficiency of 78%.This suggests challenges in resource utilization, 

including high bed occupancy rates, response times, and infection rates. These areas 

require administrative intervention to enhance performance and reduce future costs. 

The Nursing function demonstrates good efficiency at 82%, with a cost of 420 million 

IQD and weight 0.35, reflecting positively on care quality and patient satisfaction. 

However, continuous improvements are necessary to maintain and further enhance this 

efficiency. 
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For a deeper assessment of healthcare service quality, emphasis was placed on 

technical specifications directly impacting patient experience and healthcare outcomes, 

such as the quality of medical tools, response speed, diagnostic accuracy, and overall 

patient satisfaction. Specific weights were assigned to each specification to determine their 

relative importance, alongside qualitative and quantitative performance indicators. This 

approach enables the hospital to identify strengths in technical and operational aspects 

and pinpoint areas needing improvement. The details are summarized in the following 

table: 

Table 9. Efficiency Assessment by Technical Specifications for 2024 

Specification 
Assigned 

Weight 
Performance / Quality Indicator 

Overall 

Rating 

Quality of 

Equipment 
0.27 

Failure rate, compliance level with 

standards 

Very 

Good 

(88%) 

Response 

Speed 
0.25 

Average response time for emergencies 

and requests 

Good 

(80%) 

Diagnostic 

Accuracy 
0.26 

Percentage of correct diagnoses in 

complex cases 

Very 

Good 

(85%) 

Patient 

Satisfaction 
0.28 Survey results, complaint rate 

Very 

Good 

(87%) 

Table 9 exemplifies that the technical specifications conventional high assessments. 

The quality of medical gear attained an excellent rating of 88%, shiny the high obedience 

of plans and tools with required values and a low dissatisfaction rate. This factor 

significantly improves operational efficiency and ensures business continuity. The 

response time reached 80%, indicating that any delays could affect patient satisfaction. To 

improve service quality, this area needs enhancement, especially in emergencies and 

urgent requests. The accuracy of diagnoses demonstrated a strong capability in managing 

complex cases, receiving a high rating of 85%, which improves the quality of care and 

reduces medical errors. Finally, the patient satisfaction index reached 87%, indicating an 

overall positive experience. To reduce complaints and increase trust in hospital services, 

maintaining effective communication and providing psychological support is essential. 

The operational efficiency and technical quality of Ibn Al-Bitar Hospital provide a strong 

foundation, as evidenced by these metrics. Some areas require attention, including 

improving response times in technical specifications and enhancing the efficiency of the 

intensive care unit in core functions. The hospital can achieve long-term financial and 

operational sustainability by focusing on these points, allowing for a better balance 

between operating costs and service quality. 

3.4 Measuring Perceived Customer Value at Ibn Al-Bitar Specialized Heart Surgery 

Hospital for 2024: 

The way patients evaluate the healthcare services they receive compared to their 

expectations determines the value they perceive as customers. Factors taken into account 

include the quality of medical care, responsiveness, cost, and communication with 

medical staff. Understanding this value, which is a critical indicator of performance, 

enables the hospital to continuously improve its services in response to patient 

expectations. The hospital has used indicators related to its core functions and technical 

specifications to measure this value at Ibn Al-Bitar Hospital, considering that perceived 

value depends on the hospital's functions and the quality of performance of each 

specification. Table 10 below illustrates this: 
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Table 10. Perceived Customer Value by Hospital Functions for 2024 

Function 

Patient 

Satisfaction 

Index (%) 

Perceived Value 

Score (1-10) 
Summary of Patient Feedback 

Open-Heart 

Surgery 
88 8.7 

High satisfaction due to quality 

care, close follow-up, and 

improved recovery times 

Cardiac 

Catheterization 
83 8.2 

Good service and procedure 

speed, with recommendations 

to improve post-operative 

follow-up 

Intensive Care 

Unit 
75 7.5 

Concerns about noise levels 

and limited communication, 

with a need for enhanced 

psychological support 

Nursing 85 8.4 

Compassionate care noted, 

though some remarks on 

response speed 

Open heart surgery was shown to have the highest patient satisfaction index (88%), 

as well as a high perceived value score of 8.7 out of 10.  The hospital's ability to meet 

patients' expectations for specialised services is demonstrated through high-quality care, 

well-coordinated procedures, and effective recovery processes. The intensive care unit 

had a perceived value score of only 7.5, which was in contrast to the lowest satisfaction 

rate of 75%. The ICU environment presents significant challenges, especially noise and 

insufficient communication with medical staff, which can negatively affect the patient 

experience and decrease the perceived value of care.  Nursing and cardiac catheterization 

purposes are positioned somewhere in between, with gratification rates varying between 

83% and 85%, and apparent value scores varying between 8.4 and 8.2.  Despite their 

comparative satisfaction, these figures also show possible for improvement in follow-up 

care and reply times, which would further improve apparent value. 

Beyond the core functions, practical specifications have a significant influence on how 

patients perceive value.  These stipulations include the quality of medical tools, response 

time, diagnostic correctness, and overall enduring satisfaction with their hospital stay.  

Measuring these pointers enables the hospital to improve technical and working aspects 

that have a direct influence on patient gratification and service evaluation.  This is further 

thorough in the table 11 below: 

Table 11. Perceived Customer Value by Technical Specifications for 2024 

Specification 

Patient 

Satisfaction 

(%) 

Perceived 

Value Score 

(1–10) 

Patient Comments and Feedback 

Quality of 

Instruments 
90 9.0 

High satisfaction with the quality 

and safety of medical tools, 

enhancing patient confidence. 

Response 

Speed 
78 7.8 

Some delays in response time 

affected patient satisfaction. 

Diagnostic 

Accuracy 
85 8.5 

Positive evaluation regarding 

accuracy and reliability. 

Patient 

Satisfaction 
88 8.8 

Overall positive experience, with 

feedback suggesting 

improvements in communication. 

The table shows that medical instrument quality is the most important factor 

influencing perceived value, with the highest patient satisfaction score (90%) and a 

perceived value rating of 9.0.  This reflects patients' strong confidence in the safety and 
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accuracy of the equipment, which contributes to overall satisfaction and a sense of 

security. 

In contrast, response speed recorded the lowest satisfaction rate (78%) and perceived 

value score (7.8), indicating noticeable delays in service delivery or emergency request 

responses. This negatively impacts the patient experience and lowers the overall 

perceived value. Diagnostic accuracy and overall patient satisfaction show solid 

indicators (85% satisfaction with an 8.5 perceived value score, and 88% satisfaction with 

an 8.8 perceived value score, respectively), signifying the hospital’s capability to provide 

largely reliable medical services, though areas such as patient communication and 

explanation still require improvement. 

3.5 Testing the Research Hypotheses 

This research is grounded on a set of hypotheses aimed at examining the relationship 

between cost design components (functional analysis, specification analysis, and artificial 

intelligence) and both healthcare service efficiency and customer perceived value at Ibn 

Al-Bitar Specialized Heart Surgery Hospital. The main hypothesis posits a statistically 

significant relationship between applying a cost design based on functional and 

specification analyses, enhanced by AI algorithms, and improvements in service 

efficiency and perceived value. 

To test this, several sub-hypotheses have been formulated and assessed using 

appropriate statistical methods, including regression analysis, t-tests, and correlation 

analysis. The results are reinforced by tables detailing key arithmetical pointers. 

1. Testing the First Sub-Hypothesis: 

This sub-hypothesis states that functional analysis has a statistically significant effect 

on increasing healthcare service efficiency and reducing resource waste.  The impact of 

functional analysis on healthcare efficiency was assessed by comparing performance 

indicators before and after implementation, as well as measuring resource wastage using 

working hours and operational cost data. 

 A paired t-test and simple regression analysis were used to determine the 

relationship between the functional analysis variable and service efficiency.  The results 

are summarized in the following table 12: 

Table 12. Results of Challenging the Result of Functional Analysis on Healthcare 

Service Efficiency and Resource Wastage Reduction 

Indicator 
Mean Before 

Implementation 

Mean After 

Implementation 
t-Value 

Significance 

Level (p) 

Regression 

Coefficient 

(β) 

Significance 

Level (p) 

Service 

Efficiency 

(%) 

75 82 4.23 0.0001 0.58 0.001 

Resource 

Waste 

Reduction 

(%) 

12 6 3.89 0.0005 -0.46 0.003 

The results show a significant improvement in healthcare service efficiency following 

the implementation of functional analysis, with the average efficiency increasing from 

75% to 82%. The highly significant t-value (p < 0.001) supports this change. Regression 

analysis shows a significant positive impact of functional analysis on service efficiency (β 

= 0.58, p = 0.001). 

Resource waste decreased from 12% to 6%, with a significant negative effect (β = -0.46, 

p = 0.003), highlighting the effectiveness of functional analysis in reducing unnecessary 

resource consumption. These findings support the first hypothesis that functional analysis 

improves service efficiency and reduces resource waste. 
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2. Testing the Second Sub-Hypothesis: 

The hypothesis posits that the specification of healthcare services has a statistically 

significant impact on improving the alignment of those services with customer 

expectations and requirements. Diagnosis accuracy, response time, and patient 

satisfaction were used to determine how specification analysis affects service quality and 

customer satisfaction. These quality metrics were compared with the degree of 

specification analysis application through correlation tests . 

The results are presented in the following table 13: 

Table 13. Results of Testing the Impact of Specification Analysis on Service Quality 

and Alignment with Customer Expectations 

Service Quality Indicator Correlation Coefficient (r) Significance Level (p) 

Diagnostic Accuracy 0.67 0.0001 

Response Speed 0.54 0.001 

Patient Satisfaction 0.62 0.0005 

The results demonstrate a statistically significant positive correlation between service 

quality metrics and specification analysis.  Response speed (r = 0.54, p = 0.001), patient 

satisfaction (r = 0.62, p < 0.001), and diagnosis accuracy (r = 0.67, p < 0.001) showed the 

strongest correlation.  This proposes that using specification analysis positively 

encourages healthcare services to be in streak with customer stresses and expectations, 

refining patient satisfaction and overall care excellence. 

3. Testing the Third Sub-Hypothesis: 

Rendering to this theory, the use of false intelligence algorithms recovers the results 

of functional and requirement analysis, as well as the organization decision-making 

procedure. The impact of adopting artificial intellect was assessed by comparing the rates 

of upgrading in the weights used in price analysis and working performance pointers 

before and after the application of artificial intellect algorithms. To study the influence of 

artificial intelligence on presentation factors, difference and manifold regression analyses 

were used. The consequences are summarised in the following table 14. 

Table 14. Impact of Artificial Intelligence on Performance Improvement and 

Decision Support 

Indicator 

Value 

Before 

AI 

Value 

After 

AI 

t-Value 
Significance 

Level (p) 

Regression 

Coefficient 

(β) 

Significance 

Level (p) 

Accuracy of 

Weights Used in 

Cost Analysis 

0.70 0.85 5.12 <0.0001 0.62 0.0002 

Operational 

Performance 

Improvement 

(%) 

6 15 4.75 <0.0003 0.57 0.001 

The table demonstrates a significant increase in the accuracy of weights used in cost 

design following the implementation of artificial intelligence, rising from 0.70 to 0.85, with 

strong statistical significance (p < 0.0001). Additionally, the operational performance 

indicator improved by 9 percentage points, indicating effective support for administrative 

decision-making processes and an overall enhancement in model efficiency. According to 

the statistical analysis, artificial intelligence has a significant positive impact on 

reinforcing functional analysis and specification analysis outcomes, as confirmed in the 

third hypothesis. 

4. Testing the Fourth Sub-Hypothesis: 

According to this hypothesis, the integrated model is effective in enhancing the 

customer's perception of service quality and satisfaction. The impact of applying the 

integrated cost design model (functional analysis + specification analysis + artificial 

intelligence) on the perceived value of the customer was measured by analyzing patient 
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satisfaction indicators, service quality, and their willingness to recommend the hospital, 

using multiple regression analysis to identify relationships and effects. The results are 

summarised in the following table 15: 

Table 15. Impact of Applying the Integrated Model on Customer Perceived Value 

Variable Regression Coefficient (β) Significance Level (p) 

Patient Satisfaction 0.45 0.002 

Service Quality 0.53 0.001 

Willingness to Recommend the Hospital 0.48 0.003 

Overall Perceived Customer Value 0.49 0.002 

The findings demonstrate that the implementation of the integrated model exerts a 

strong and positive impact on the components of perceived customer value. Service 

quality emerged as the most influential factor (β = 0.53, p = 0.001), followed by patient 

satisfaction (β = 0.45, p = 0.002), and willingness to recommend the hospital (β = 0.48, p = 

0.003). These results suggest that by combining functional analysis, specifications 

assessment, and artificial intelligence, patient satisfaction and the overall healthcare 

experience can be enhanced by improving costs and boosting operational efficiency. 

Consequently, the patient perspective achieves a significant increase in perceived value. 

Hypothesis four is confirmed, reinforcing the strategic importance of adopting an 

integrated model to improve the quality and effectiveness of healthcare services. 

4. Conclusion 

The study arrived at the following key conclusions: 

1. Functional analysis enables the enhancement of the efficiency of healthcare 

services at Ibn Al-Bitar Specialty Hospital. Functional analysis classifies tasks 

and activities that drink resources inefficiently, leading to the documentation of 

potential waste and optimal resource reorganization. High efficiency pointers 

observed in core functions, such as open-heart operation and treatment, prove 

how this improvement reduces working costs without cooperating service 

quality. The acceptance of functional analysis meaningfully improves 

operational presentation and hospital organization effectiveness. 

2. Through the valuation of technical specifications, such as the excellence of 

medical devices, answer times, analytic accuracy, and overall enduring 

satisfaction, specification analysis can be rummage-sale to align the quality of 

healthcare services with enduring expectations and needs. To meet the 

obligatory standards, the hospital was able to improve these aspects. This 

arrangement positively affects enduring knowledge and satisfaction, thereby 

boosting faith in the hospital and ornamental its keenness and sustainability in 

service. 

3. The accuracy and flexibility of both functional analyses and requirement 

analyses can be better using artificial intellect algorithms as an effective device. 

Large volumes of data are treated rapidly and efficiently by AI, allowing for 

lively and intelligent adjustments to logical weights and criteria. This 

authorization enables officials to make data-driven choices instead of relying on 

assumptions or approximations. Additionally, AI aids in prognostic modeling of 

future requirements and helps align working plans with vicissitudes in demand 

and outside conditions. 

4. A significant upsurge in perceived value from the patient's viewpoint was 

achieved through the application of an integrated cost project model, which 

syndicates functional analysis, requirement analysis, and artificial intelligence. 

Notable developments were observed in service quality pointers and patient 

satisfaction, shiny enhancements in various aspects of the patient knowledge, 

including quality of care, responsiveness, and analytic reliability. Patients' 

perception of the hospital's standing and competitiveness is bolstered by the 
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augmented perceived value, indicating their sense of getting high-quality care 

relative to cost. 

5. According to the study, a ideal that uses functional analysis, requirement 

analysis, and artificial intelligence can be more effective and finished than a 

model that relies solely on one element in segregation from the others. All 

elements are interrelated: functional analysis identifies resource appropriation 

points, specification analysis ensures the quality of childbirth delivery, and 

artificial information enhances analysis and decision-making processes with 

intelligence and flexibility. This enhance improves operational efficiency, 

durable sustainable improvements in care standard, and enables management 

to handle cost and defiance challenges more effectively. 

6. The accurate and aim collecting and analysis of performance indicators is key to 

effective quality management and service advancement. The study emphasizes 

the significance of using reliable metrics, such as surgical triumph rates, 

procedure times, and sufferer pleasure levels, which provide a practical retained 

extensive view of hospital execution. The hospital can overseeing strengths that 

should be retained and weaknesses appropriation need to be addressed through 

regular monitoring of these indicators. This can enable smart resource allocation 

and operating adjustments that durability sustainability and improve conclusion 

outcomes. 

Recommendations 

Based on the responses of this examination, the following orientations are future: 

1. To ensure coherence in functional analysis, Ibn Al-Bitar Hospital's administration 

must adopt a uninterrupted mechanism rather than treatment it as a one-off 

process. This procedure ensures the continual update of task and activity data and 

resource exploitation, enabling early detection of shortcoming and resource 

misdistribution. Continuous improvement of functional dealings can be facilitated 

through regular functional analysis, leading to cost decrease and improving 

overall performance all along the hospital. 

2. The hospital's primary focus should be on prioritizing descriptive analysis. The 

distribution of healthcare and knowledge of patients is directly affected by the 

quality of medical tools, response times, and the accuracy of analysis. Investing in 

advanced medical technologies and regularly maintaining equipment is optional, 

alongside training staff in the latest medical standards. These measures will ensure 

the reliability of services in line with patient expectations and global healthcare 

standards. 

3. Collecting and examine operational data, such as task weighting, performance 

assessments, and forecasting future demand, need the hospital to expand the use 

of synthetic intelligence techniques. The use of clever models can enhance the 

accuracy and amphetamine of management decision-making, diminish human 

error, improve resource and cost arrangement, and elevate the efficiency and cost-

effectiveness of operations. 

4. To enhance the overall sick person experience in the hospital, it is crucial to boost 

efforts due to the close relationship between inmate satisfaction and regarded 

service value. This includes reducing waiting times, improving communication 

between healthcare personnel and inmate, and providing compassionate patient-

centered care that meets respective necessarily. Furthermore, conduct normal 

patient satisfaction surveys and utilizing their feedback for uninterrupted service 

enhancement is highly recommended. 

5. It is essential to develop a thorough performance administration system that 

integrates functional definition, specification analysis, and information 

intelligence. This offer will provide a holistic interrelated view of operational 

execution and service integrating. This integration will enhance coordinate and 
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alignment of branch across departments, improving the response to functional 

challenges and accomplishment the achievement of the hospital's strategic goals. 

6. It is recommended to establish a thorough performance indicator system that is 

ceaselessly updated and includes all hospital operations, including functional 

efficiency, service quality, and sufferer satisfaction. This system should include 

both numerical and qualitative terms indicators and carefully be closely monitored 

through regular reports. record these administration, management can identify 

power and weaknesses, leading to remedial corrective actions uninterrupted 

continuous performance improvement. 
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