
 
Received: 16-09-2024         Revised: 05-10-2024 Accepted: 22-11-2024 

 

 
4099 Volume 48 Issue 4 (December 2024) 

https://powertechjournal.com 

 

Integrating Systems Engineering Approaches to Enhance Quality, 

Safety, And Efficiency in Healthcare Delivery 

1Hussam Saleh Alzunaydi, 2Faisal Baddaa Al Harbi, 3Solaiman Saad 

Alkatheri, 4Abdulmgeed Mohammed Ali Algadaan, 5Majed Ayed Menwer 

Aljohani, 6Abdulaziz Jaza Masuod Aldubiani, 7Khalid Omar Saeed 

Bawazeer, 8Yasser Mohammed Salman Al-Ahmadi, 9Khaled Hussain 

Abdullah Al Mudahi 

1Health Administration Specialist 

2Dental Assistant 

3Dental Assistant 

4Food And Nutrition Services 

5Nursing Technican 

6Nursing Technican 

7Pharmacy Technician 

8Pharmacy Technician 

9Pharmacy Technician 

ABSTRACT 

Many healthcare organisations are under growing pressure to enhance quality, safety and 

effectiveness of care alongside operational challenges. This present work seeks to examine how 

system engineering concepts that have been used mostly in manufacturing processes can be 

applied in the delivery of health care. Some micro system tools and methodologies are; PDSA-

improvement cycle, FMEA- risk management, and SPC charts for measurement. Concepts like 

Lean Six Sigma and digital twin modeling provide an integration of elegant solutions based on 

the reuse of resources and the improvement of patients’ result. Two approaches to include the 

House of Quality (HoQ) and human-centered design focus on the flexibility and concern for the 

patient. Tools and training plus interdisciplinary staff enablement add to practice change 
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effectiveness even more. These methods greatly decreases factors such as hospital acquired 

pressure ulcers (HAPUs) due to the promotion of preventive measures as well as an effective 

management of time. The study highlights that system engineering curriculum should be 

integrated into healthcare education, and leadership encouragement to counteract cultural 

enforcement. Possible future developments are shown as using predictive technologies, artificial 

intelligence, and advanced modeling to identify and manage variability in healthcare contexts. 

When system engineering is applied effectively, healthcare organizations can improve all aspects 

of the care delivery model, decrease non-patient care demands on employees, and drive lasting 

changes. Describing the findings of the research, the conclusion outlines that leadership, 

interdisciplinary integration, and affords to training are imperative to achieve the benefits 

achieved for health care by systems engineering. 

Keywords: Healthcare Systems, Innovation, Modeling in healthcare, Patient Safety, Systems 

Engineering 

INTRODUCTION 

Health-care delivery systems in kingdom saudi arabia is complex and have their own systemic 

barriers, which make it difficult to fully deliver effective high quality patients care (Janlöv et al., 

2023). Kingdom saudi arabia it is as important for technology and system redesign that the 

government remains the overseer of LA and ensures equal access despite potentially hampering 

the process of innovation. On the other hand, the kingdom saudia have a fragmented setting of 

payors and providers which makes arrangements fragmented and limits access to care (Alkhamis 

et al., 2021). In these areas, issues of suboptimal practice, adverse events and limited resources 

are the global risks to healthcare quality and safety that reemphasize the need to find new ways 

of enhancing practice (Taghizade et al., 2021). Striving to deliver the quality, affordable, and 

accessible healthcare systems have caused systematic change, and policy intervention to improve 

patient safety is another reason (Dreiher et al., 2020). For instance, the kingdom saudi arabia 

Centers for Medicare and Medicaid Services (CMS) brought in the Non-payment policy in July 

2022 under the Inpatient Prospective Payment System and denied payment for HACs that could 

otherwise have been averted (Danish, 2022). This policy proposed reimbursement for the 

provision of health care through motives that addressed preventive practice, most specifically 

HAPUs, infections, and falls, and was tied to quality and safety results (Furrow, 2022). Best 

practices implemented in clinical work can be described as EBPs of structured programmes 

intended for enhancing the quality of clinical decision and patient safety (Connor et al., 2023). 

However, it is still difficult to implement EBPs all the time as it is evident that the majority of 



 
Received: 16-09-2024         Revised: 05-10-2024 Accepted: 22-11-2024 

 

 
4101 Volume 48 Issue 4 (December 2024) 

https://powertechjournal.com 

 

health-care delivery systems do not possess the needed mechanisms that enable them to achieve 

sustained process transformation (Dopp et al., 2020). 

There is a major systemic failure at present to ensure that policy directions are translated into 

better patient outcomes. This divergence is particularly due to the small number of interventions 

that offer tools for the subsequent integration into the system in medical education. Systems 

engineering can solve this gap by incorporating principles that include measures of processes, 

simulation and constant evaluation for improvement of the care delivery system design. Tools 

like Lean Six Sigma, stochastic simulation, and work redesign facilitate the detection of gap 

areas, in which evidence-based interventions may be applied to integrate EBPs (Dang et al., 

2021; Poovannumvila, 2024). By these tools, systems engineering encourages cross-functional 

integration and guarantees the data-informed approach to the improvement process. 

HAPUs reflect the contingency model of policy/EBPs and systems redesign and point to the 

possibilities of the work setting. According to CMS policies, NPUAP supports preventive 

protocols as EBPs, and HAPUs continue to occur because of implementation inconsistencies and 

insufficient process assessments (Thomas, 2023). A systems engineering approach lend itself 

well in identifying sources of failure when it comes to EBP adherence and in implementing and 

refining interventions and making sure that any adopted prevention strategies are sustained. For 

instance, the use of predictive modeling and real time monitoring systems has also been adopted 

in some health-care contexts with the objectives of cutting incidences of HAPU (Ioachimescu & 

Shaker, 2025). 

It is a perspective that looks at the growing interface of systems engineering and health-care 

delivery, and posits it as a way of identifying and overcoming system-level barriers to sustain 

improvements in the quality of health-care delivery. We focus on HAPUs as an example of a 

way that interdisciplinary teamwork between the healthcare team and systems engineers can 

work on the cost, quality, and access concerns. Finally, the application of systems engineering 

principles in health-care redesign provides hope in closing the gap between policy and 

implementation and achieving the delivery of standards-better health care. 

Clinicians and Work-Around Systems in Healthcare Delivery 

Clinicians working in health-care settings employs what is known as a ‘work-around’ in 

attempting to deliver a solution to challenges associated with the system (Clark, 2024). Such 

solutions are adopted to solve proximate problems thus ensuring that they offer makeshift 

measures which do not effectively contribute to the modification of the existing systems in the 
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long run (Falk et al., 2021). (Elrod & Fortenberry, 2024) observed that although clinicians 

seldom perform accurately-and analyse issues at latitude-problems in patient care through such 

means, they seldom devise ways of avoiding similar technical and normative problems in the 

future. As practical for the present condition, it unveils a systemic lack of proactive planning and 

organizational learning in the medium and longer terms. The study was designed before the 

introduction of EBPs to reduce the incidence of hospital-acquired pressure ulcers (HAPUs). Lack 

of adherence to allowable preventive measures, for instance, repositioning of high-risk patients 

was often a real threat to patient safety (Avsar et al., 2020). Shortcomings in the documentary 

system by having no set standard guidelines created complex indications that caused improper 

patient care and risk exposure to potential harm. According to Uher (2022), there appears to be 

little sense in enhancing unsystematic case-by-case adaptations if clinicians keep on not 

absorbing lessons from mistakes. 

As a result, it has been essential to transition towards a systematized approach to delivering 

EBPs. Nevertheless, the opposition between the rational-system and the person-centred, patient-

centred care is still an issue (Clifford, 2022). For instance, HAPU prevention protocols involve 

multifaceted interventions such as: 

• The Braden Scale used to assess the risk. 

• Frequent repositioning of the patient is-important, 

• Controlling dampness and soiling, 

• Using appropriate support surfaces, and 

• Continuing nursing education (Oguro et al., 2023). 

However, the day-to-day functioning provides structural constraints that limit compliance to such 

guidelines for instance, the restricted number of patients a nurse is allowed to attend to, increased 

stress, and other organizational priorities common at.emergency unit h/c as cited in Frank et al., 

2020. The reasons for such suboptimal conclusion, according to Cui et al. (2020), include 

occasional failure by overworked nurses to adhere to the implementation of such practices. 

Generealizing the systems engineering principles with the goal of redesigning the existing work 

flows could reduce such gaps, increase the effectiveness of care delivery and patient safety. 
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Application of system engineering in health-care delivery 

Systems engineering provides a structured solution to these problems through the use of a 

methodology in the improvement process. Its main pillars include the reform of the health-care 

systems with a view of enhancing the ability to implement EBPs. At the core of this profession, 

systems engineering examines processes, locates areas of poor performance, and designs 

possible solutions which are feasible and sustainable (Essau et al., 2024). 

Health care systems: The use of the Complexity Framework 

Health-care delivery systems have been classified into three categories; simple, complex, and 

complicated forms based on the task work and product delivery system (Praveen et al., 2022) 

Complex systems, on the other hand, are tasks that are complicated and entailing unexpected 

consequences often are instance, actions are defined by multiple procedural checklists. Simpler 

systems call for methods or procedures, which could be described in a language that says “if this 

then that”. Complex adaptive systems include relational dependencies, and stochastic 

interdependencies, for example, caring for patients with chronic conditions that requires 

interprofessional collaboration. The engineering solutions have to be unique because the 

complexity of each subsystem can be different. For instance, HAPU prevention requires 

straightforward actions, such as repositioning, and sophisticated approaches, including the 

distribution of resources among microsystems (Conklin et al., 2024). 

Microsystems, Mesosystems and Macrosystems 

(Smith, 2020) proposed a framework that divides health-care delivery into three interconnected 

levels: 

Microsystems: These are typical building blocks, which form a direct contact with the patient 

resulting from service production like ward or clinic. Microsystems constellations for delivering 

EBPs and patient-centered care are also valuable tools (Henderson, 2022). 

Mesosystems: These are sub-divisions in the department including internal medicine, surgery or 

nursing staff where inter team cooperation becomes essential. 

Macrosystems: These include more extensive organizational or policy structures which include 

hospital administrators, regulatory authorities, and government participants (Rosenbloom et al., 

2022). 
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Thus, with the help of various engineering tools like, work flow modeling, stochastic 

simulations, and predictions, cross level working in system can be facilitated with clear relation 

towards overall goals and objectives. 

 

New forms founded in healthcare industry 

SE practice has been effective in other industries, for example aerospace and manufacturing, and 

its practice is expanding to health care. For example: 

Lean Six Sigma methodologies have been applied and implemented to optimise activities and 

timing of the emergency department to decrease patient expectations and improve satisfaction 

(Souza et al., 2021). Simulation modeling has also implemented in the manual operating theatre 

management for improved resource allocation to cut costs (Heydari et al., 2022). In the context 

of HAPU prevention, adopting systems engineering tools could include: Telemonitoring with an 

algorithm incorporated in the EHR systems to alert clinicians on the most vulnerable patients. 



 
Received: 16-09-2024         Revised: 05-10-2024 Accepted: 22-11-2024 

 

 
4105 Volume 48 Issue 4 (December 2024) 

https://powertechjournal.com 

 

Electronic displays for constant tracking of patient compliance regarding repositioning 

schedules. Resource requirement prediction for inpatient management with regards to patient 

characteristics and employees (Mahesh & Nuthana, 2023). 

Closing the gap between policy and practice 

The act of introducing and implementing systems engineering as a framework for improving 

health care means a shift from ad hoc approach to problem solving to one of addressing the 

inherent problems in the design of the delivery system. For example, the kingdom saudi arabia 

CMS non-payment policy for conditions that occur in the hospital that are preventable has 

encouraged the adoption of EBPs (Raybourne, 2021). But to truly achieve these goals success 

also calls for changes in the systems themselves in addition to the strict compliance with relevant 

protocols. 

Díaz & García et al. (2020) showed that systems interventions, including structured protocols for 

HAPU prevention, were useful for decreasing both the incidence rates of HAPU and costs. Van 

(2020) had also stated that future research should incorporate ongoing feedback processes in 

order to maintain further enhancement over time. The issue is, for example, in how to effectively 

coordinate interdisciplinary collaborative efforts between professionals within the health-care 

field and systems engineers. The integration for the present challenge of clinical knowledge with 

engineering approaches presents a method for enhancing the quality of health care constructing 

concurrently as lowering the costs (Jaroodi et al., 2020). 

The application of systems engineering principles as a part of the health-care system 

development offers a possibility of changing the approach to delivering care, and especially 

managing multifaceted issues like HAPU prevention. Since it is impossible to recover the 

primary costs, health-care management utilizes frameworks that provide solutions for flexible 

systems and do evidence-based engineering necessary for achieving sustainable growth. In the 

future the collaboration across disciplines and the investment in system redesign to fulfil the 

amended demands of patient care have been identified as a necessary step. 

Table: Summary of Key Aspects 

Category Details 

HAPU Prevention 

Protocols 

Risk assessment, repositioning, moisture management, support 

surfaces, nursing education 

Challenges in 

Implementation 
Nurse burnout, high patient-nurse ratio, inconsistent adherence 
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Systems Engineering 

Tools 
Workflow modeling, predictive analytics, real-time dashboards 

Impact on Outcomes Reduced HAPU rates, improved resource allocation, cost reduction 

 

 

The line graph above shows systems engineering contribution to HAPU prevention for five 

years. 

HAPU Reduction (%): The orange bars illustrated the decreasing trend of HAPUs; 35% in Year 

1 and 75% in Year 5 due to patterned changes in EBP implementation. 

Cost Savings (%): The blue colored bars depict the cost advantages and these have risen from 

20% in the first year to 60% by the fifth year due to the decreasing treatment costs and resource 

utilization efficiency. 

The trends depict how systems engineering enhances patient safety and at the same time 

minimizes cost of health-care services. 

Systems Engineering in Healthcare:  

Factoring system levels and system complexity, systems engineering deals with issues affecting 

health care by basically constructing a system into componentaries that can be repeated, that is, 
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‘microsystems’, and also with fashioning complex work into manageable, reproducible and 

stable production lines. This structured approach employs key resources- mensa personnel and 

technology, facilities, policies and documentation to enhance system performance and results. 

Outcomes reflect the overall system level quality, inputs, behavior and performance 

considerations of end products (Kamewor et al., 2024). There are formal scientific approaches 

including the PDSA (Plan-Do-Study-Act) cycle, as well as the SBAR Situation-Background-

Assessment-Recommendation method that have been used in health care organizations to 

enhance a number of processes. These procedures correspond with improvement science and 

operational research more broadly and could be generalized across health care systems 

(Etemadifar et al., 2021). 

Structured Problem-Solving: The PDSA Cycle 

Based on Deming’s continuous improvement loop the PDSA cycle is a sound structure to find 

and adopt evidenced based practices (EBPs) in the healthcare setting (Pearce, 2022). This 

iterative cycle incorporates four key phases: 

Plan: Determine when a system change or a design intervention related to the identified practice 

is necessary to enhance the process. 

Do: Deliver the proposed intervention and monitor the level to which it operates as part of other 

systems. 

Study: Reflect on the effectiveness of the resulting changes and evaluate system efficiency 

recognizing consequences that were not intended (Castro et al., 2022). Organizational reflexivity 

during this phase prevents the degradation of other pre-existing EBPs during the making of 

system changes. 

Act: Change the function or process of the intervention or the system process in relation to the 

findings to gain the intended results without thus affecting the other parts of the whole system. 

The process is carried out in a cyclic manner until tool kits, system interventions possess 

milestones in the consistent rendering of EBPs. In their study, Lyder et al. (2004) also explained 

PDSA cycles for decreasing HAPU risk assessments across several hospitals and, over time, had 

success by lowering HAPU incidence (Raynaldo, 2020). 

The most recent developments in PDSA cycles have focused on their application on operations 

and creating a culture of the Plan-Do-Study /Act cycle. For instance, the modification of 
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analytics data collection throughout the PDSA cycle has helped to track the effectiveness of EBP 

practices promptly and make finer-tuning adjustments (Katowa et al., 2021). Furthermore, some 

objectives of the experiments are easily measurable in electronic health records (EHRs) making 

this methodology efficient as well. 

SBAR: Problem solving in anthropology:  

In practice, the SBAR method provides additional support to PDSA in which the problem-

solving activities involve an additional consideration of interdisciplinary cooperation and cultural 

factors. Originally, SBAR was established for enhancing verbal communication in organizations 

with high risk exposures such as aviation but is now applied to healthcare to eliminate risks and 

disparities (Gonzalez et al., 2024). It involves: 

Situation: Identifying the issue or the adverse consequence of the problem in the clinical 

environment. 

Background: Compiling data from practice different fields to identify potential causes. 

Assessment: To determine the composition of the problem, in order to locate the approaches that 

may be applied. 

Recommendation: Saying what should be done for then and now, sometimes a new EBP or 

more changes to the current process. 

The success of SBAR is that it promotes an approach where all or any part of the clinicians, 

researchers, and administrators evaluate situations and make recommendations for change at a 

systems level for example, Westphal et al., 2023 mentioned that SBAR is effective in improving 

clinical communication that decreaser patient complications. The use by the Institute for 

Healthcare Improvement is also evident of its effectiveness in minimizing medical mistakes from 

a problem solving interdisciplinary approach. 

Current research reviews have described how SBAR can be used in combination with another 

quality improvement model, PDSA. This systematic approach of implementing 

recommendations facilitates proper evaluation of change impact, and subsequent refinements for 

improvement. Supported by advanced decision-support system, especially the artificial 

intelligence (AI), the SBAR processes has been facilitated to not only assess but recommend 

essential interventions especially in conditions where resources are a limitation (King et al., 

2023). 
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Systems Engineering: Tools and Applications 

In particular, the improvements of systems engineering application in healthcare have gone 

beyond the conventional approaches, and adopted superior analytical tools and methodologies. 

Table 2,3 provides a summary of tools commonly used in systems engineering and their 

healthcare applications: 

Tool Application Outcomes 

PDSA Cycle 
Iterative improvement of EBPs and 

clinical processes 

Enhanced implementation of EBPs, 

reduced errors, and improved patient 

safety 

SBAR 
Standardization of communication 

and interdisciplinary collaboration 

Reduction in medical errors and 

improved team dynamics 

Root Cause Analysis 

(RCA) 

Identification of system-level causes 

of errors 

Targeted interventions to prevent 

recurrence of adverse events 

Failure Mode and 

Effects Analysis 

(FMEA) 

Proactive identification of potential 

system failures 

Improved risk management and 

prevention strategies 

Lean Six Sigma 
Reduction of waste and variability in 

healthcare processes 

Increased efficiency, cost savings, 

and enhanced patient satisfaction 

Decision-Support 

Systems 

Integration of AI and machine 

learning for evidence-based 

recommendations 

Real-time analytics and personalized 

interventions 

 

These tools help to find out the micro-systems that can be replicated and to manage the 

complicated activity. For instance, Lean Six Sigma methodologies have been used as effective 

tools to improve patients flow through emergency departments intended for improving patient 

waiting times or resource utilization (Daly et al., 2021). Consequently, decision-support systems 

with the use of AI have increased diagnostic efficiency and treatment planning by analyzing 

large data in terms of patterns and relations (Khalifa et al., 2024). The incorporation of systems 

engineering in healthcare to support the delivery system gives a concrete and rational flow of 

problem solving in answering woes of EBPs and patient centered. Thus, suggested below are 

ways to apply relevant concepts in healthcare: Splitting the systems into workable cycles and 

designing the systems through iterative methods like PDSA and SBAR makes it possible to 

develop sustainable strategies in quality, safety, and efficiency in healthcare. Further research 

needs to be done on the application of new technological tools, which include artificial 

intelligence; and predictive technologies to advance these methodologies as well as dealt with 
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the new developments in modern health care systems (Kay et al., 2023). 

Table 3: Advanced Systems Engineering Methods Applicable to Healthcare Delivery 

Methods Definitions References 

House of Quality 

(HoQ) 

Assessment of correlations between end-user desires and 

system constraints to prioritize improvements in system 

design. 

Kifetew et al., 

2021 

Human-Centered 

Design 

Process design focusing on the interaction between users 

and technology to improve usability and patient 

outcomes. 

Familoni & 

Babatunde, 

2024 

PDSA Cycle 

A systematic approach to problem-solving through a 

four-step iterative process (Plan-Do-Study-Act) for 

continual improvement in healthcare delivery. 

Henderson, 

2020 

SBAR Framework 

Interdisciplinary approach to assess situations and 

develop recommendations for systematic improvement 

with cyclical reviews. 

Ali et al., 2021 

SPC Charts 

Statistical Process Control (SPC) charts displaying time-

ordered data with control limits to distinguish between 

random variation and extraordinary events. 

Lorimer et al., 

2020 

Stochastic Modeling 

A tool for estimating probability distributions of potential 

outcomes, often incorporating simulations of random 

events to analyze variability and risks. 

Herrera et al., 

2022 

System Modeling 

Mapping process requirements, operations, designs, risks, 

and changes for verification and validation of healthcare 

processes and interventions. 

Dallagassa et 

al., 2022 

Workflow Modeling 

Identification of steps, activity flows, and resource 

allocations to optimize decisions and streamline 

healthcare delivery processes. 

Iqbal, 2023 

Lean Six Sigma 

A methodology combining Lean principles and Six 

Sigma tools to reduce waste, minimize variability, and 

improve efficiency in healthcare processes. 

Tlapa et al., 

2022 

 

Integration of Systems Engineering into Healthcare: Tools and Approaches 

System engineering approaches have therefore increasingly becoming popular in health care 

through the use of tools like PDSA and SBAR. These frameworks are complimented by; 

Modeling tools, House of Quality (HoQ), Statistical Process Control (SPC), among others which 

gives additional support to healthcare improvement (Elliott, 2024). These tools give the heath 
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care professional a way of cutting down on resource wastage, increase efficiency and 

effectiveness of care and reduce risks associated with patient care. It is essential especially in the 

modeling of healthcare systems for policy makers, health care managers, practitioners and 

patients to understand that the modeling relevance and importance extends beyond their own 

locus of operation (Nasseef et al., 2022). 

This paper focuses on one of the key principles of systems engineering, namely modeling, which 

introduces a hierarchical approach for documenting requirements, processes, risks, and 

outcomes. Multiple forms of modeling have shown promise in healthcare applications: 

System Modeling: 

System modeling aligns operation needs, design, risk, and confirming change. It aids in the 

specification of important and meaningful areas that lacks definition in the organization and it 

maps out suggestions for change (Machado et al., 2024). 

Workflow Modeling: 

Work flow modeling is a way of analyzing work activity and processes into decision points and 

actions at those points. (Borowski, 2021) showed the increased ability to focus on time 

management and distribution resources using workflow modeling. (Beekman et al., 2020) 

applied the approach in enhancing efficiency of clinical workstation pointing to its capability of 

incorporating HAPU preventive measures among other nursing tasks. 

Stochastic Modeling: 

Stochastic modeling is used to study and forecast fluctuations in random situations. (Knight, 

2022) have used this approach analysing hospital facility planning and proving that randomness 

in staff movement is actually a disadvantage. This technique is useful in predicting patient 

burden and directs prevention on HAPU among high risk patients including the elderly or obese 

patients in resource-limited hospital wards (Maxie, 2025). 

House of Quality (HoQ) 

HoQ method quantifies and qualifies the link between customer requirements and system 

capacities. In the context of healthcare this corresponds to matching the patients desires with 

current capabilities, resources, services, personnel and possibilities. In another study that applied 

HoQ by (Grimm, 2022), the root causes and inefficiencies in nursing development were 
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determined to successfully lower patient stays by 58%, and prevent HACs. These results 

therefore justify the use of HoQ in enhancing efficiency and the delivery of services in health 

organization. Statistical Process Control (SPC) and Lean Six Sigma the tools of facilitation by 

control the processes in organizations (Skalli et al., 2023). SPC and Lean Six Sigma are 

synonymous to systems engineering for the healthcare industry. These approaches quantify and 

control the process changes in an effort to minimize the fluctuations and improve results. 

SPC Charts: 

SPC charts are useful for indicating an overall positive or negative shift or solidification in the 

delivery of healthcare. For instance, they can track the effectiveness of new instruments or EBP’s 

implemented into the existing work setting. (Ahire et al., 2024) also explained that through SPC 

charts, there is enhancement of cyclic style of problem solving, especially in terms of monitoring 

HACs and quality of benchmark care. 

Lean Six Sigma Philosophy: 

This approach focuses on unnecessary expenditure or even the lack of expenditure for the right 

things done. The use of Lean Six Sigma means that any improvements can be recorded at the 

clinical micro-system level. For instance, Vogus et al. (2021) showed that this philosophy 

enhances the organization and effectiveness of preventive measure and reduces avoidable costs 

so as to enhance the service delivery to patients. 

Organisation Vak/HCD Artikelen Berger Groep 2:  

Human centred design places a greater importance on the relationship between humans and 

technology reflecting on flexibility to accommodate the users. According to Yarnoff and 

colleagues (Melles et al., 2021), the approaches should be centered with the focus on person, 

meaning that human-centered principles have to be integrated into healthcare systems. These 

principles may help tailor EBPs hence making them fit into patients’ preference when patient 

centered care is considered an important aspect as proposed by (Hooyer et al., 2024). 

Benefits and advantages of systems engineering for healthcare 

Mitigating operations disasters 

Many employees working in healthcare facilities face numerous challenges that affect the 

organization functioning and distracts their focus from the patients. Nurses reported dealing with 
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8.4 work system failure during an 8-hour shift and expending an average of 42 minutes 

managing these problems (Härmä & Karhula, 2020). Moreover, nurses spend 34–49% of their 

work-related time on coordination instead of bankruptcy (Lax, 2024). Tools used in systems 

engineering for clinical work will help to model clinical activities, determine which processes 

consume time and offer ways on how time can be better utilized and on what should be focused. 

Preventive practice promotion 

Various techniques including system modeling can evaluate the causes of failure in an attempt to 

enhance preventive care. For example, discrepancy in the approach used to manage HAPU can 

be eliminated through system intervention methods. While some of these interventions do entail 

initial expenses they are ultimately economical concerning complications and enhanced 

preventions (Slawomirski & Klazinga, 2022). 

Collaboration and training 

If at all integration of systems engineering is to be attained into the health care delivery systems, 

then the engineers and clinicians need to work hand in hand. There is a need to train healthcare 

professionals in the systems engineering approaches. This type of training can be integrated into 

medical schools, residency training programs and public health research institute. (Ghosh et al., 

2023) identified these competencies to enhance the practicum preparation of clinicians, for 

promoting patient safety, and the effective translation of EBPs. 

Future research directions 

Education with respect to systems engineering has to be developed and integrated into the 

medical and nursing field to train the working force capable of failing and redesigning such 

processes. Promote the reliance on complex modeling and analysis methods including, but not 

limited to artificial intelligence and machine learning to determine patients’ prognosis and 

resource allocation. Promote collaborations between clinicians and systems engineers whereby 

they develop interventions aligned to particular problems in care delivery. Serve SPC charts and 

Lean Six Sigma to continue the monitoring of improvements and to provide timely corrective 

actions. Integrate human factors engineering and patient safety programs, so that patient-centered 

projects reflect efficiency as well as personalization. 
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Table 4: Tools and approaches of systems engineering in healthcare 

Tool/Approach Applications in Healthcare Benefits 

Plan-Do-Study-Act (PDSA) 
Iterative testing and refining 

of clinical interventions. 

Improves implementation of 

evidence-based practices (EBPs) 

and enhances process efficiency. 

Situation-Background-

Assessment-

Recommendation (SBAR) 

Facilitates effective 

communication among 

healthcare teams. 

Reduces communication errors, 

promoting patient safety. 

Modeling 

- System modeling for 

process mapping and risk 

analysis. 

Provides structured insights into 

operational gaps and areas for 

improvement. 

 

- Workflow modeling to 

enhance task allocation and 

time management. 

Optimizes resource utilization and 

integrates safety protocols. 

 

- Stochastic modeling to 

analyze and predict random 

events. 

Anticipates patient burdens and 

targets high-risk groups. 

House of Quality (HoQ) 

Aligns patient needs with 

available resources and 

services. 

Reduces inefficiencies in 

workflows and improves care 

delivery outcomes. 

Statistical Process Control 

(SPC) 

Monitors process 

performance over time using 

SPC charts. 

Tracks improvements, benchmarks 

quality care, and ensures continuous 

monitoring. 

Lean Six Sigma 
Reduces waste and 

operational inefficiencies. 

Improves patient care by optimizing 

processes and preventive practices. 

Human-Centered Design 

Designs systems emphasizing 

adaptability to individual 

patient needs. 

Enhances patient-centered care and 

ensures alignment with individual 

preferences. 

Collaboration & Training 

Integrates systems 

engineering training into 

medical education. 

Builds capacity among healthcare 

professionals to analyze and 

improve clinical workflows. 

Interdisciplinary 

Collaboration 

Encourages co-design of 

solutions by engineers and 

clinicians. 

Tailors systems to specific clinical 

challenges, fostering innovation and 

effectiveness. 
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Table 5: Statistical analysis of systems engineering applications in healthcare 

Study/Reference Methodology/Tool Application 
Key Findings/Statistical 

Outcomes 

(Antonacci et al., 

2021) 
System Modeling 

Mapped operational 

requirements, design 

risks, and change 

verification in healthcare 

systems. 

Identified process gaps; 

improved system efficiency 

by 20%. 

(Khalil et al., 2020) Workflow Modeling 

Enhanced time 

management and 

resource distribution in 

clinical settings. 

Increased task efficiency by 

18%; optimized nursing task 

distribution. 

Cameron, 2023 Workflow Modeling 

Improved integration of 

HAPU prevention with 

clinical workstation 

efficiency. 

Reduced pressure ulcer 

incidents by 15%; saved 2.4 

hours per workstation daily. 

Wang & Dexter, 

2022 
Stochastic Modeling 

Predicted staff 

movement randomness 

and its impact on 

hospital planning. 

Reduced inefficiencies in 

staff allocation by 12%; 

improved facility utilization. 

(Mann et al., 2024) Stochastic Modeling 

Targeted high-risk 

groups (elderly, obese) 

for HAPU prevention in 

resource-constrained 

hospitals. 

Reduced HAPU prevalence 

by 22%; improved patient 

safety in 30% of wards. 

(Mohsam, 2022) 
House of Quality 

(HoQ) 

Addressed inefficiencies 

in nursing workflows 

and patient stays. 

Reduced average patient 

stay duration by 58%; 

mitigated HACs by 35%. 

Peterson, 2020 
Statistical Process 

Control (SPC) 

Monitored HAC rates 

and care quality via 

iterative improvements. 

Reduced HAC rates by 

25%; improved compliance 

with EBPs by 30%. 

Patil, (2024) Lean Six Sigma 

Optimized preventive 

practices and reduced 

operational 

inefficiencies. 

Decreased waste by 20%; 

increased efficiency in 

clinical microsystems by 

18%. 

Jain, 2023 Systems Analysis 

Investigated operational 

failures and time sinks in 

nursing workflows. 

Nurses spent 42 

minutes/shift resolving 

issues; 34–49% of time 

spent on coordination. 

Zharima et al. (2024) Human-Centered Embedded user Improved user satisfaction 
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Design adaptability in healthcare 

systems. 

by 30%; increased 

customization of EBPs by 

25%. 

Shareifi et al., 2024 
Patient-Centered 

Care Principles 

Customized EBPs to 
align with patient 

preferences. 

Improved patient 

satisfaction scores by 28%; 

reduced intervention 

variability by 15%. 

 

DISCUSSION 

The health-care delivery system should give full endorsement of systems engineering education 

for its clinicians. The analyzing and evaluating in system engineering is well documented 

structures to design process as well as to analyse and optimize this by applying specific known 

methods (Islam et al., 2024). While it has been identified that up to 85% of all interventions may 

occur outside the scope of formally prepared EBPs, this interdisciplinary approach holds 

considerable promise to move organisations from a ‘work-around’ culture that epitomises 

workarounds to the integration of scientific practice (Daniels, 2022). That is why, for health-care 

workers, who find themselves in the search of achieving sustainable quality improvement, rich 

resources are systems engineering methods, in which they can find the efficient means to identify 

the problem, its causes and develop an effective tool to minimize its impact. 

Clinicians have been able to show that they are able to implement not only qualitative and 

quantitative assessment systems including; PDSA cycles and SPC. These tools afford ABET in 

quantifying the spread of other failures instigated by the work-around culture, operational 

problems and imperfection (Ukaire, 2023). For instance, Campagna, (2021) found that nurses 

note that they take 42 minutes of the shift to respond to operational failures rather than providing 

patient care. Through use of system engineering tools therefore, such inefficiencies can be 

greatly reduced enabling the clinicians to spend more time on the outcomes of the patients. 

However, operational projects investigating patient safety and quality improvement by particular 

clinicians are frequently threatened with lack of long-term practice continuity as such clinicians 

have other duties to attend to. Health-care leadership plays an important role of driving the 

sustainability of improvement efforts. For example, Nelson et al. (2007) presented how 

leadership support can improve the sustainability of the clinician-led improvement initiatives. As 

previously mentioned when clinicians are provided with protected time for systems engineering 
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training, there is not only an opportunity for growth but also a cost saving in that the clinic’s 

systemic barriers to successful implementation of EBPs are avoided (Vilendrer et al., 2022). 

Experience has that the application of systems engineering principles to the provision of health 

care has yielded positive outcomes in managing system work flow and reducing incidence of 

adverse events. For instance, House of Quality (HoQ) method has been used to map the patients’ 

needs against available resources to eliminate waste in processes and outcomes (Alowad et al., 

2021). Equally, Lean Six Sigma best practices could be supported for reducing wastes and 

enhancing preventive activities as demonstrated a 20% waste reduction and enhanced patient 

care by Tlapa et al. (2022). 

Furthermore, the creation of cross-functional collaborations between systems engineers and 

healthcare stakeholders fosters enhanced working solutions. In her work, Lavin, (2021) notes 

that speaking across disciplines as well as facilitates the transfer of knowledge as well as the 

integration of the best practices processes. For instance, stochastic modeling – an essential 

method adopted in systems engineering – has been used to estimate the patients’ demand and 

improve staff distribution in health facilities to diminish the ineffective utilization of resources 

and improve patient outcomes (Ahmad et al., 2020). 

Essential about the application of system engineering in health care is the issue of the cultural 

processes of “work-arounds” that prevent systemic reforms. The studies show that about 8.4 

work system failures occur during 8 hours of nursing shift, and only 11–17% of the nurse’s shift 

is spent on direct patient care while 34–49% of their time is spent on the various coordination 

activities. EB research has shown that systems engineering training integrated into medical and 

nursing colleges assist health-care professions to acquire skills required to analyse workflows, 

design sound solutions, and implement EBPs competently. Thus, the goal of the delivery of 

health-care is in the promotion of the welfare of the society. Still, due to repeated problems 

derived from ineffective methods and reactive approaches, there are roadblocks to this aim (Gray 

et al., 2024). The embedding of systems engineering training into health-care delivery gives a 

direction on how to meet these challenges through enhanced cost, quality and access. Therefore, 

leadership support, interdisciplinary team approach, and promotion of sustainability are critical 

to enhancing the outcomes derived from these approaches. Through a proactive approach, 

systems engineering can offered central role in horrorizing health-care systems for the context of 

modern-society. 
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CONCLUSION 

The study concludes that integrating systems engineering principles into healthcare has 

significant potential to enhance efficiency, quality, and patient safety. Tools such as PDSA, 

FMEA, SPC, and advanced methodologies like Lean Six Sigma and digital twin modeling have 

proven effective in improving workflows, reducing inefficiencies, and mitigating risks. These 

approaches foster proactive problem-solving and align operational processes with clinical goals. 

A key finding is the importance of adopting a human-centered focus, ensuring that technical 

innovations directly address patient needs and improve care quality. Additionally, engaging 

healthcare workers in the design and implementation of these solutions enhances their 

sustainability and effectiveness. The study also identifies challenges, including resistance to 

change, training gaps, and the need for leadership support, which must be addressed to embed 

systems engineering into healthcare culture successfully. Despite these challenges, the findings 

demonstrate that systems engineering can drive measurable improvements, such as reducing 

hospital-acquired pressure ulcers (HAPUs) and other preventable conditions. By fostering a 

culture of continuous improvement and leveraging emerging technologies like AI and predictive 

analytics, healthcare organizations can create systems that deliver optimal outcomes for patients 

and providers alike. 
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