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Abstract: This study examined the predictive and operational value of bottleneck analysis for optimizing healthcare 

staff utilization through the integration of the Theory of Constraints (TOC) and predictive analytics. Using a 

quantitative, explanatory research design, data was collected from departmental workflows, performance metrics, 

and staff schedules in a mid-sized urban hospital over a 12-month period. Bottlenecks were identified and 

categorized into human, procedural, and technological constraints. To address the first research question, predictive 

models, including multiple linear regression and random forest algorithms were developed to assess the relationship 

between bottlenecks and staff utilization. The random forest model demonstrated higher predictive accuracy, 

indicating that identified constraints can meaningfully forecast staffing efficiency. 

To answer the second research question, descriptive statistics revealed that procedural and human bottlenecks were 

the most frequent and disruptive. One-way ANOVA showed significant differences in staff efficiency across 

departments based on constraint type and severity, while chi-square tests confirmed associations between bottleneck 

types and inefficiencies. For the third research question, TOC-informed interventions were implemented in 

departments with high constraint levels. Pre- and post-intervention analyses using paired t-tests showed significant 

improvements in staff efficiency, reduced idle time, and increased patient throughput, with effect sizes indicating 

meaningful practical changes. 

The study’s findings have several implications. For practice, healthcare leaders should adopt TOC-driven bottleneck 

analysis combined with machine learning models to anticipate and alleviate staffing inefficiencies. Regular audits of 

workflow constraints can help in deploying staff more effectively and improving patient flow. For research, this 

study lays the groundwork for longitudinal and multi-site investigations to generalize findings across various 

healthcare settings. Future studies should explore real-time constraint detection using artificial intelligence tools. 

Theoretically, this study supports and extends the Theory of Constraints by demonstrating its compatibility with 

predictive modeling, contributing to a more data-driven approach to operational decision-making in healthcare. 

Recommendations include training healthcare managers in constraint identification and predictive analytics to 

enhance systemic responsiveness and sustainability in workforce management. 

Keywords: Predictive analytics, Operational value, Process flow mapping, Staff utilization, Theory of constraint. 

I. INTRODUCTION 

Introduction and Background 

Healthcare systems worldwide are increasingly challenged by the need to deliver high-quality care amid constrained 

resources. A critical aspect of this challenge is the efficient utilization of healthcare staff, whose availability and 

performance directly impact patient outcomes and organizational efficiency (Bhati et al., 2023). Traditional staffing models 

often fall short in addressing dynamic patient needs and fluctuating workloads, leading to issues such as staff burnout, 

patient dissatisfaction, and increased operational costs. To navigate these complexities, healthcare organizations are turning 

to innovative management methodologies that offer systemic solutions to resource optimization. One such methodology 
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gaining prominence is the Theory of Constraints (TOC), a management philosophy introduced by Eliyahu M. Goldratt. 

TOC posits that every system has at least one constraint that limits its performance, and by identifying and systematically 

addressing this constraint, overall system efficiency can be improved. In healthcare settings, constraints often manifest as 

bottlenecks in processes, such as delays inpatient admissions, prolonged diagnostic procedures, or inefficient staff 

allocation. By applying TOC principles, healthcare organizations can pinpoint these bottlenecks and implement targeted 

interventions to enhance throughput and service quality. 

Recent studies have demonstrated the efficacy of TOC in healthcare environments. For instance, an analysis of a large 

public hospital utilizing TOC mapping tools revealed significant benefits, including reduced patient wait times, decreased 

staff overtime, and improved patient satisfaction (Bhanot et al., 2024; Bonatsos.2019). Similarly, research focusing on 

nursing workflows identified key bottleneck factors, such as staffing levels, work environment, and medical device 

availability that, when addressed, led to enhanced workflow efficiency and care quality. These findings underscore the 

potential of TOC as a strategic tool for optimizing healthcare operations. Despite the promising outcomes associated with 

TOC applications, there remains a gap in predictive analytics concerning staff utilization based on bottleneck analysis (Ma 

et al., 2025). While TOC effectively identifies existing constraints, integrating predictive models can enable proactive 

staffing decisions, allowing healthcare facilities to anticipate and mitigate potential bottlenecks before they impact service 

delivery. This integration is particularly pertinent given the dynamic nature of healthcare demands and the critical 

importance of maintaining optimal staffing levels to ensure patient safety and care quality. 

This study aims to bridge this gap by developing a predictive framework that leverages bottleneck analysis within the TOC 

paradigm to forecast healthcare staff utilization. By combining the diagnostic strengths of TOC with predictive analytics, 

the research seeks to provide healthcare administrators with a robust tool for strategic staffing planning. Such a framework 

has the potential to enhance operational efficiency, reduce costs, and improve patient outcomes by ensuring that staffing 

resources are aligned with anticipated service demands 

Problem 

Healthcare systems across the globe are under increasing strain due to rising patient demand, limited financial and human 

resources, and operational inefficiencies. One persistent and critical challenge is the suboptimal utilization of healthcare 

staff, which can lead to overworked employees, burnout, patient dissatisfaction, and increased healthcare delivery costs 

(Lega et al., 2020). Traditional workforce planning methods often fail to account for dynamic system constraints and are 

reactive rather than predictive. In many cases, bottlenecks in healthcare processes such as delays inpatient admissions, 

surgical procedures, or diagnostic services are misdiagnosed or poorly addressed, resulting in the inefficient allocation of 

staff and resources. 

The Theory of Constraints (TOC), originally proposed by Goldratt (1984), provides a systematic approach to identifying 

and addressing process bottlenecks by focusing on the constraint that limits overall system performance. When applied to 

healthcare, TOC has demonstrated effectiveness in improving patient flow, reducing wait times, and enhancing resource 

efficiency (Hammoudeh, et al., 2021). However, its integration into predictive models for workforce planning remains 

underexplored. Specifically, few studies have focused on how bottleneck analysis using TOC principles can forecast staff 

utilization needs across different departments or service lines within a healthcare system. This gap limits administrators’ 

ability to make data-informed decisions that proactively balance workload and capacity. Given these challenges, there is a 

pressing need for research that applies TOC-driven bottleneck analysis to predict healthcare staff utilization (Al Moteri et 

al., 2024). By developing a predictive model grounded in TOC, healthcare organizations could shift from reactive staffing 

practices to proactive, constraint-focused workforce planning. This approach has the potential to improve operational 

efficiency, patient outcomes, and staff well-being. The current study aims to fill this gap by investigating how bottlenecks 

in healthcare delivery processes affect staff utilization patterns and how these insights can be used to optimize human 

resource deployment in real time. 

Purpose 

The purpose of this study is to develop a predictive model for healthcare staff utilization based on bottleneck analysis using 

the Theory of Constraints (TOC). As healthcare systems increasingly face challenges such as limited staffing, fluctuating 

patient volumes, and inefficient workflows, it becomes essential to move beyond traditional scheduling and staffing models. 
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This study aims to identify critical constraints within healthcare processes, such as high-traffic admission areas or surgical 

backlogs and examine how these bottlenecks influence staff workload and resource deployment. 

By applying TOC principles, this research seeks to uncover patterns between bottlenecks and the over- or under-utilization 

of specific staff categories, including nurses, physicians, and allied health professionals. The study will employ quantitative 

data analysis from operational metrics (e.g., patient wait times, staff-to-patient ratios, procedure delays) to build a 

regression-based predictive framework. This model will forecast staff utilization levels in real time and under various 

workload scenarios, enabling healthcare administrators to allocate human resources proactively based on systemic 

constraints rather than reactive demand. Ultimately, the study is designed to contribute to the operational efficiency of 

healthcare organizations by integrating TOC into workforce planning and utilization analytics. The findings will provide 

empirical support for constraint-based staffing strategies, offering both theoretical advancement in the application of TOC 

in healthcare and practical insights for improving patient outcomes, staff satisfaction, and overall resource optimization. By 

aligning staffing needs with identified process constraints, the study has the potential to enhance the resilience and 

adaptability of healthcare systems facing ongoing resource and demand pressures. 

Research Questions 

RQ1: To what extent can bottleneck analysis predict staff utilization in a healthcare setting? 

H₀₁: There is no statistically significant relationship between identified bottlenecks and staff utilization in hospital 

departments. 

H₁₁: Identified bottlenecks significantly predict staff utilization in hospital departments. 

RQ2: What are the primary constraints affecting staff efficiency across departments? 

H₀₂: There are no significant differences in staff efficiency across departments based on the type and severity of bottlenecks. 

H₁₂: There are significant differences in staff efficiency across departments based on the type and severity of bottlenecks. 

RQ3: What is the impact of TOC-informed interventions on staff performance and patient flow? 

H₀₃: TOC-informed interventions have no significant effect on staff performance and patient flow. 

H₁₃: TOC-informed interventions significantly improve staff performance and patient flow. 

II. THEORETICAL FRAMEWORK & LITERATURE REVIEW 

A suitable and foundational theoretical framework for the study is Goldratt’s Theory of Constraints (TOC), developed by 

Eliyahu M. Goldratt in his seminal 1984 work, The Goal. The Theory of Constraints (TOC) is a systems-management 

philosophy that posits that every complex process contains at least one constraint that limits its overall performance. 

According to Goldratt (1984), organizational success depends on identifying and systematically improving or eliminating 

these bottlenecks. TOC emphasizes continuous improvement through a cyclical process: identify the constraint, exploit it, 

subordinate other processes to it, elevate the constraint, and then repeat the cycle if new constraints emerge. In the context 

of healthcare, constraints often manifest as limited staff availability, long wait times, or overburdened departments. 

Goldratt (1984) framework aligns directly with the study’s goal of using bottleneck analysis to predict healthcare staff 

utilization. By adopting TOC, the study conceptualizes staff inefficiencies not as isolated events, but as systemic results of 

process constraints. For example, if the emergency department experiences persistent patient throughput delays, that 

constraint may lead to staff overutilization, burnout, and increased overtime costs. The framework helps define constraints 

as the independent variable and staff utilization (e.g., hours worked, workload ratios, or overtime) as the dependent variable. 

This alignment enables the construction of predictive models that tie operational inefficiencies to human resource usage. 

Through this theoretical lens, the study does not merely describe workload imbalances but seeks to uncover their root causes 

and predict when and where they are likely to occur. The application of TOC offers a structured method to assess how 

alleviating one constraint, such as improving patient discharge procedures can ripple across the system and enhance staff 

allocation. Many studies have contributed both practically and theoretically by expanding the utility of TOC from 

manufacturing into healthcare workforce planning, a domain where TOC is still gaining scholarly traction (Ma et al., 2025). 
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Process of Bottleneck Analysis in Healthcare Using the Theory of Constraints 

Table 1 below provides a list of bottlenecks at the participating hospital. 

Table 1: Summary Table for TOC process 

Step Focus Action 

1. Identify Find the system’s bottleneck Use data/process analysis 

2. Exploit Maximize use of constraint Improve workflow and eliminate waste 

3. Subordinate Align everything to support the constraint Synchronize all processes 

4. Elevate Increase constraint capacity Invest or innovate to expand capability 

5. Repeat Start again with a new constraint Maintain continuous improvement 

The five-step process is described in this hypothetical scenario below. 

Bottleneck analysis is a key component of the Theory of Constraints (TOC), a methodology developed by Eliyahu M. 

Goldratt (1984) to identify the most critical limiting factor (i.e., the bottleneck) in a process and systematically improve it. 

In a healthcare setting, this process is used to diagnose and address inefficiencies that restrict staff utilization and overall 

system throughput. As shown in Table 1 below, the first step involves identifying the bottleneck, which is the process step 

where delays most commonly occur and where patient flow or task completion slows significantly. This can be done by 

collecting operational data, observing workflow patterns, or analyzing wait times and task durations. For instance, in this 

study, time spent at bottlenecks was recorded for various departments to determine where staff were losing the most 

productive time. Once the bottleneck is identified, the second step is to exploit the bottleneck, which means ensuring that 

the bottleneck resource is always active and not interrupted by non-essential tasks. In practical terms, the process might 

involve rescheduling non-critical activities, reassigning tasks, or ensuring that necessary supplies or information are always 

available at the bottleneck point. The third step is to subordinate all other processes to the bottleneck, which means aligning 

the entire system's flow with the capacity of the constraint. This action limits creating excessive work-in-progress that 

cannot be processed timely. The fourth step is to elevate the bottleneck, which may involve investing in additional resources, 

staff training, or technological solutions to increase the capacity of the constraint. Finally, once a bottleneck is resolved, the 

process must be re-evaluated to identify the next limiting constraint, as the bottleneck may shift within the system. 

Below is a hypothetical scenario of identifying and limiting the effect of bottlenecks and improving services in the surgical 

department. 

Scenario: Improving Surgical Throughput in a Hospital 

Problem: The hospital is experiencing long wait times for elective surgeries, poor operating room (OR) utilization, and 

patient dissatisfaction. 

Step 1: Identify the Constraint: The hospital conducts a workflow analysis and discovers that the operating room (OR) 

availability is the primary constraint. 

 Despite having multiple ORs, delays are frequent due to late starts, extended turnovers between surgeries, and lack of 

post-op recovery beds. 

 This bottleneck limits the number of surgeries that can be performed daily. 

Conclusion: The constraint is OR throughput capacity. 

 Step 2: Exploit the Constraint: The hospital focuses on maximizing existing OR use without adding resources. 

Actions taken: 

 Ensure all surgeries start on time by improving pre-op preparation. 

 Implement standardized turnover procedures to minimize downtime between cases. 

 Prioritize high-value cases and ensure surgical teams are ready in advance.  

Result: ORs operate with fewer idle periods and more surgeries fit into the schedule. 

Step 3: Subordinate Everything Else to the Constraint 
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Other departments align their workflows to support the OR schedule. 

Actions include: 

 Anesthesiology, lab, and radiology prioritize cases scheduled for surgery. 

 Post-op nursing staff coordinate closely with OR scheduling to ensure recovery beds are available. 

 Admissions and discharges are paced to avoid recovery room backups. 

Result: Upstream and downstream processes are synchronized with OR performance. 

Step 4: Elevate the Constraint 

With optimized use still not meeting demand, the hospital takes strategic action: 

 Adds an evening surgery shift using existing ORs and staff on rotation. 

 Invests in hiring additional post-op nurses and expanding the PACU (post-anesthesia care unit) to avoid backup. 

 Introduces AI-powered scheduling tools to maximize OR slot utilization. 

Result: Surgical capacity increases significantly, reducing wait times and improving patient satisfaction. 

Step 5: Repeat the Process 

Now that OR availability is no longer the bottleneck, the hospital reassesses its system. 

 The next constraint is identified: pre-surgical assessments are not keeping pace with increased surgical volume. 

 A new TOC cycle begins focused on streamlining pre-surgical evaluations. 

Key Outcome Highlights 

 Reduced elective surgery by 30%. 

 Increased surgical volume by 20% without initial capital investment. 

 Improved patient throughput across departments. 

Note: Percentages are hypothetical 

Studies Related to Identified TOC Variables 

Variables are broadly categorized into 1) identification of bottlenecks 2) Staff utilization, 3) TOC informed intervention on 

staff performance. The TOC has been used in many foundational studies to investigate and advance solutions to healthcare 

constraint issues. For example, Litvak and Long (2000) investigated hospital overcrowding using queueing theory to 

identify systemic bottlenecks in patient flow. The study focused on how constraints in operating room scheduling caused 

downstream delays across inpatient units. Using simulation modeling, they demonstrated that modest adjustments in 

elective surgery schedules could significantly reduce variability in hospital census and improve utilization of staff and beds. 

This research highlighted the importance of bottleneck identification in improving operational efficiency but did not apply 

the Theory of Constraints (TOC) framework explicitly. Another study by Bernhardt et al. (2022) focused on the influence 

of hospital design on stroke care outcomes. The authors highlight that element such as ward configuration, corridor design, 

and staff station placement can significantly affect patient recovery and staff efficiency.  

The review emphasizes the importance of incorporating green spaces and communal areas to reduce stress and improve 

well-being for both patients and healthcare providers. It also notes that while single-bed rooms are often favored, evidence 

supporting their universal benefit in stroke care is limited. The study advocates for involving clinicians in the design process 

to ensure that hospital environments are tailored to support specific care needs effectively. In recent study, Koundakjian et 

al. (2023) investigated the effects of a newly constructed hospital building, designed with evidence-based features, on 

patient outcomes and experiences. While clinical outcomes such as ICU transfers and mortality rates showed no significant 

differences compared to legacy buildings, patients in the new facility reported higher satisfaction levels. Specifically, 76% 

of patients in the new building provided top ratings on the Hospital Consumer Assessment of Healthcare Providers and 

Systems (HCAHPS) survey, compared to 60% in older facilities. The results suggested that while structural redesigns may 

https://www.researchpublish.com/
https://www.researchpublish.com/


                                                                                                                                                    ISSN 2348-1218 (print) 

International Journal of Interdisciplinary Research and Innovations     ISSN 2348-1226 (online) 
Vol. 13, Issue 2, pp: (60-78), Month: April 2025 - June 2025, Available at: www.researchpublish.com 

 

   Page | 65 
Research Publish Journals 

 

not immediately impact clinical metrics, they can significantly enhance patient perceptions and experience. Jakovljevic et 

al. (2024) conducted a systematic review of how the COVID-19 pandemic prompted significant transformations in hospital 

care processes. Key adaptations included the expansion of telemedicine, implementation of hospital-at-home models, and 

adoption of Lean methodologies. These changes aimed to improve workflow efficiency, enhance communication among 

healthcare providers, and integrate patient feedback into care delivery. The study concludes that such redesigns have the 

potential to increase the resilience and adaptability of healthcare systems, emphasizing the importance of workflow 

improvements and technological integration in enhancing hospital efficiency. 

Another study by Ben-Tovim et al. (2008) introduced the redesigning care initiative in Australian hospitals to address delays 

in patient throughput. The authors used a process of redesigning methodology aligned with Lean principles to streamline 

workflows in emergency and inpatient departments. Although the interventions resulted in improved patient discharge rates 

and better use of staff resources, the study emphasized process flow over predictive modeling. It suggested the need for 

more theory-based, predictive approaches, such as TOC, to anticipate bottlenecks in staff utilization. In another study, Kim 

(2024) examined the impact of implementing a streamlined triage process in an emergency department setting. Using a 

PICOT framework, the study explored whether a rapid assessment protocol could reduce patient waiting times over a 12-

week period. Although the quantitative results did not demonstrate statistically significant reductions in wait times, 

qualitative feedback from both patients and staff revealed improvements in workflow efficiency and overall satisfaction. 

Kim concluded that while immediate measurable changes were limited, the intervention had meaningful clinical value. The 

study recommended continued refinement of triage protocols and emphasized the importance of evaluating both quantitative 

and qualitative outcomes in emergency care improvements. Vinson (2010) provided an in-depth theoretical analysis of TOC 

in healthcare, emphasizing that the application of the Five Focusing Steps (identify, exploit, subordinate, elevate, and repeat) 

can expose critical constraints in hospital systems. They used a qualitative case study approach to explore TOC 

implementation in multiple healthcare organizations. The study emphasized the potential of TOC to improve throughput 

and resource utilization but called for quantitative evidence to validate its effectiveness in predicting staffing needs. 

A study by Vissers and Beech (2005) explored capacity planning in hospitals through operations research methods. They 

used mathematical modeling to allocate staff resources under high-demand scenarios. While effective in describing current 

operations, the study lacked a theoretical framework for continuous process improvement and did not incorporate bottleneck 

analysis in real-time staff predictions, indicating a gap that TOC-based models could address. However, Hallas et al. (2021) 

introduces the concept of the "bottleneck count" (BNC), the smallest cell count in a 2x2 table, as a key determinant of 

precision in pharmacoepidemiological research. The authors demonstrate how BNC can be used to predict the achievable 

precision of effect estimates, illustrated through a theoretical model and a case study on retinoids and peptic ulcer bleeding. 

The authors reviewed 126 published estimates revealed a consistent inverse linear relationship between the log of BNC and 

the log-log transformed upper/lower confidence limit ratio (ULCLR), indicating that precision generally improves with 

higher BNC. The findings suggest that BNC can serve as a practical tool for estimating study feasibility and guiding research 

design. Boyle et al. (2012) also used data from Australian emergency departments to examine how access block and 

overcrowding affected clinical staff productivity. Using statistical regression models, they linked bottlenecks in-patient 

admissions to decreased performance metrics. However, the study focused more on output measures than systemic 

constraints, highlighting the need for studies that incorporate bottleneck-based predictive tools like TOC. Womack and 

Jones (2003), pioneers of Lean thinking, demonstrated how waste reduction and flow optimization can improve hospital 

performance. While their work introduced concepts similar to TOC, such as identifying process delays, it did not explicitly 

frame the problem through TOC’s constraint-focused lens. This limitation suggests a missed opportunity to understand the 

impact of system constraints on staff workload and utilization. 

In a case study by Umble and Umble (2006), TOC was applied in a hospital to improve surgical scheduling and staff 

allocation. They used TOC’s Drum-Buffer-Rope system to redesign work processes, resulting in reduced staff overtime and 

improved scheduling accuracy. However, the study was primarily descriptive and lacked quantitative predictive modeling 

capabilities, suggesting the need for more robust methodologies to generalize results. de Bruin et al. (2010) applied discrete-

event simulation to assess how variability in patient flow affected ICU staffing. While simulation provided useful forecasts, 

the study did not identify or manage systemic constraints. This indicates a gap in using constraint-based frameworks like 

TOC to develop scalable models for predicting staff needs. Aronsson, Abrahamsson, and Spens (2011) studied hospital 

logistics using systems theory and found that fragmented processes contributed to inefficient staff utilization. They 

advocated for integrated approaches but did not explore bottleneck analysis or predictive staffing tools. Their findings 
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support the argument that TOC can fill the methodological gap in identifying and managing constraints in healthcare 

systems. Finally, a recent study by Kim, Horowitz, and Sanders (2021) used machine learning algorithms to predict nursing 

staff levels based on patient acuity. While the model achieved high prediction accuracy, it lacked a process-based theoretical 

underpinning, such as TOC, which could improve understanding of why and where staffing shortages occur. 

Taken together, these studies underscore the growing interest in improving healthcare operations and staff utilization. 

However, most of the existing literature either focuses on descriptive analyses or employs modeling techniques without an 

underlying process improvement theory. Few studies combine predictive modeling with a theoretical framework that 

identifies and addresses system bottlenecks. This study seeks to bridge that gap by applying the Theory of Constraints to 

develop a predictive model for healthcare staff utilization based on bottleneck analysis, thereby contributing both 

theoretically and practically to the field. In the current study, this structured bottleneck analysis helped predict staff 

utilization outcomes, allowing healthcare administrators to implement focused interventions to improve workflow 

efficiency and resource deployment. 

III. METHODOLOGY 

This study employed a quantitative, explanatory research design to examine the predictive and operational value of 

bottleneck analysis in optimizing healthcare staff utilization. The research was conducted at a mid-sized urban hospital and 

focused on identifying the relationship between workflow constraints and staff efficiency across multiple clinical 

departments. The design was appropriate for testing hypotheses concerning the predictive capacity of bottleneck 

identification and evaluating the effectiveness of interventions informed by the Theory of Constraints (TOC). The 

population for this study included clinical and administrative staff across four major departments: Emergency, ICU, Med-

Surg, and Radiology. A total of 250 participants were selected using stratified random sampling, ensuring proportional 

representation from different professional roles such as nurses, physicians, allied health staff, and administrative personnel. 

The sample was diverse in terms of age, gender, years of experience, and shift assignment (day vs. night). Eligibility criteria 

included full-time employment and a minimum of six months of departmental experience. All participants provided 

informed consent prior to data collection. 

Data were collected over a twelve-month period through multiple channels. Operational data were extracted from 

departmental records, including shift schedules, workflow logs, and performance metrics such as patient throughput and 

idle time. Observational analysis and TOC tools were used to identify and categorize bottlenecks. These tools included 

process flow mapping to visualize departmental processes, the Five Focusing Steps to locate and prioritize constraints, and 

constraint classification matrices to group bottlenecks into human, procedural, or technological categories. To assess the 

impact of TOC-informed interventions, pre- and post-intervention data were collected from departments with the highest 

levels of constraint severity. Staff utilization was calculated based on the proportion of actual productive work time relative 

to total scheduled time. Additional performance indicators included average staff efficiency (expressed as a percentage), 

average idle time per day, and average patient throughput per department. Demographic data were gathered through a 

structured survey administered at the outset of the study. 

Statistical analysis addressed three research questions. For the first research question, predictive models were developed 

using multiple linear regression and random forest algorithms to determine the extent to which identified bottlenecks 

predicted staff utilization. Data were split into training (70%) and testing (30%) sets, and model accuracy was evaluated 

using R², root mean square error (RMSE) and mean absolute error (MAE). K-fold cross-validation (k=10) and sensitivity 

testing across departments and timeframes were conducted to ensure model reliability. The second research question was 

addressed using descriptive statistics to summarize the frequency and type of bottlenecks, followed by one-way ANOVA 

to evaluate differences in staff efficiency across departments. Chi-square tests were used to examine associations between 

bottleneck type and reported inefficiencies. To answer the third research question, a pre-post intervention design was 

implemented in three departments. Paired sample t-tests were used to assess changes in staff efficiency, idle time, and 

patient throughput, and Cohen’s d was calculated to determine the practical significance of observed changes. 

Prior to conducting inferential analyses, the dataset was screened for completeness and tested for assumptions of normality. 

Shapiro-Wilk tests and Q-Q plots confirmed that the variables used in t-tests and ANOVA were approximately normally 

distributed. Levene’s test was applied to check for homogeneity of variance in the ANOVA procedure. Ethical approval for 

this study was obtained from the hospital’s Institutional Review Board (IRB). All data were anonymized, securely stored, 

and used solely for research purposes, ensuring participant confidentiality throughout the study. 
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IV.  RESULTS 

Demographic Data of Participants 

The study sample consisted of 250 healthcare professionals drawn from various departments within a mid-sized urban 

hospital. Participants represented a diverse age distribution, with the largest group aged 31–40 years (34%), followed by 

those aged 41–50 years (26%), 21–30 years (22%), and 51–60 years (12%), while 6% were over 60. Gender representation 

was relatively balanced, with 58% identifying as female and 42% as male. Professional roles included nurses (40%), allied 

health professionals such as respiratory therapists and lab technicians (30%), physicians (15%), and administrative/support 

staff (15%). This distribution ensured a representative view of staffing dynamics across both clinical and non-clinical 

functions. Regarding professional experience, the majority of participants (36%) had between 1–5 years of service, followed 

by 28% with 6–10 years, and 20% with 11–20 years of experience. Only 8% had less than one year of experience, while 

another 8% had more than 20 years, reflecting a workforce composed mainly of early- to mid-career professionals. In terms 

of shift types, over half (56%) worked day shifts, with 20% on evening shifts, 14% on night shifts, and 10% rotating between 

shifts. These demographic characteristics provided a broad perspective on how experience levels and shift assignments may 

relate to workflow bottlenecks and staff utilization patterns explored in the study. 

This demographic distribution ensured a representative sample reflecting diverse roles and experience levels critical for 

evaluating bottlenecks and staff utilization across the hospital. 

 

 

 

 

 

Figure 1. Demographic characteristics of the study 
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Constraint Identification Matrix 

To systematically categorize the nature of operational bottlenecks across departments, a constraint identification matrix was 

developed. This matrix organized constraints into three primary categories: human, procedural, and technological. Each 

constraint was recorded and tallied based on department-level occurrences over a 12-month period. The data revealed 

notable interdepartmental differences in the prevalence and types of bottlenecks. 

The Emergency Department reported the highest number of total bottlenecks (n = 39), with procedural constraints 

accounting for nearly half (n = 19), followed by human (n = 12) and technological (n = 8) constraints. The Intensive Care 

Unit (ICU) had 29 recorded constraints, with procedural issues again leading (n = 14), followed by human (n = 9) and 

technological (n = 6). In the Medical-Surgical (Med-Surg) unit, 30 bottlenecks were observed, with a similar distribution: 

13 procedural, 10 human, and 7 technological. Radiology demonstrated a distinct pattern, reporting 26 constraints with 

technological factors being the most prevalent (n = 12), followed by procedural (n = 9) and human (n = 5) bottlenecks. 

Overall, across all departments, procedural constraints were the most frequently reported (n = 55), followed by human (n = 

36) and technological (n = 33) issues. These findings highlight procedural inefficiencies as the dominant source of workflow 

disruption across hospital departments. The matrix supports the subsequent statistical analysis and intervention design by 

pinpointing areas with the highest operational burden and by enabling targeted improvements. 

Table 2: Constraint Identification by Department 

Department Human Constraints 

(e.g., understaffing, 

skill mismatch) 

Procedural Constraints (e.g., 

inefficient workflows, poor 

documentation practices) 

Technological Constraint 

(e.g., system downtime, 

outdated equipment) 

Total 

Bottlenecks 

Emergency 12 19 8 39 

ICU 9 14 6 29 

Med-Surg 10 13 7 30 

Radiology 5 9 12 26 

Total 36 55 33 124 

A visual depiction of Table 2 is seen in figure 2 below.  

Departmental Bottleneck Patterns and Their Operational Implications in Hospital Settings 

Departmental Analysis 

Figure 1 presents a stacked bar chart depicting the distribution of operational bottlenecks across four hospital departments—

Emergency, ICU, Med-Surgical, and Radiology. Bottlenecks are categorized into three types: human (teal), procedural 

(light green), and technological (gray). The visualization provides a comparative view of the frequency and nature of 

constraints that hinder efficiency and performance across clinical units. 

 

Figure 2. Constraint Identification by Department 
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Emergency Department. The Emergency Department exhibited the highest volume of identified bottlenecks (n ≈ 39), with 

procedural constraints comprising the largest share, followed by human and technological issues. This distribution aligns 

with the known challenges in high-acuity, high-demand environments, where unclear workflows and staffing limitations 

often lead to operational delays and care inefficiencies. 

Intensive Care Unit (ICU). The ICU displayed a moderate number of constraints (n ≈ 28), with procedural issues again 

most frequently cited, though human and technological bottlenecks were also present. These findings reflect the complexity 

of interdependent care processes and staffing coordination required in critical care settings. 

Medical-Surgical Unit (Med-Surg). The Med-Surg unit reported approximately 30 bottlenecks, with a relatively balanced 

distribution across the three categories. Procedural constraints remained slightly dominant. The even spread of bottleneck 

types suggests systemic inefficiencies that may stem from generalized workflow or communication breakdowns rather than 

department-specific deficiencies. 

Radiology. Radiology recorded the fewest bottlenecks (n ≈ 26), yet technological constraints were the most prevalent 

outpacing both procedural and human categories. This trend points to recurring issues with imaging systems, software 

usability, or integration barriers with hospital-wide information systems. 

Cross Departmental Insights. Across all departments, procedural constraints emerged as the most frequently reported 

bottleneck type, indicating widespread workflow design challenges. Human-related bottlenecks were concentrated in direct-

care units such as the Emergency Department and ICU, while technological bottlenecks were most pronounced in 

Radiology. This distribution underscores the need for differentiated strategies that align with the unique operational 

demands of each clinical area. 

Implications for Healthcare Administrators and Clinicians 

The findings suggest that interventions must be tailored to the constraint profile of each department. For example, the 

Emergency Department and ICU would benefit from initiatives aimed at improving process clarity and optimizing staffing 

allocation. Conversely, Radiology may require targeted technological upgrades and better interoperability with other 

departments. Healthcare administrators should employ constraint-specific diagnostics to inform workflow redesigns, 

technology investments, and staffing strategies. Clinicians, particularly in leadership or supervisory roles, can also use this 

information to advocate for changes that alleviate bottlenecks impeding patient care and departmental throughput. 

Hypotheses Testing 

To ensure the validity of statistical analyses addressing the three research questions, normality testing was conducted on 

the continuous outcome variables relevant to each hypothesis. For Research Question 1 (RQ1), which examined whether 

bottlenecks significantly predict staff utilization, the distribution of staff utilization scores was assessed. For Research 

Question 2 (RQ2), which focused on differences in staff efficiency across departments, staff efficiency scores were analyzed 

for normality. For Research Question 3 (RQ3), which evaluated the impact of TOC-informed interventions, the variables 

of interest included staff performance (measured by efficiency scores), idle time, and patient throughput. 

The Shapiro-Wilk test was used to statistically assess the assumption of normality, supported by visual inspections through 

Q-Q plots and histograms. The results of the Shapiro-Wilk tests are presented below (See Table 3). 

Table 3: Results of the Shapiro-Wilk Tests 

Variable Related RQ Shapiro-Wilk W p-value Skewness Kurtosis Interpretation 

Staff Utilization RQ1 0.984 0.062 -0.12 -0.45 Normally distributed 

Staff Efficiency RQ2, RQ3 0.981 0.077 0.15 -0.39 Normally distributed 

Idle Time RQ3 0.979 0.089 0.21 -0.38 Normally distributed 

Patient Throughput RQ3 0.982 0.071 0.08 -0.29 Normally distributed 

Normality results permitted parametric testing. RQ1: To what extent can bottleneck analysis predict staff utilization in a 

healthcare setting? To answer RQ1, two predictive models, random forest regression and multiple linear regression were 

developed using bottleneck data (constraint type, frequency, and severity) as independent variables and staff utilization 

rates as the dependent variable. The dataset was split into training (70%) and testing (30%) subsets, and 10-fold cross-

validation was applied to enhance model reliability. 
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Random Forest Results for Predicting Staff Utilization 

Statistical analysis for this study addressed three research questions. For the first research question, predictive models were 

developed using both multiple linear regression and random forest algorithms to evaluate the extent to which identified 

bottlenecks predicted staff utilization. The dataset was partitioned into training (70%) and testing (30%) sets, and model 

accuracy was assessed using R², root mean square error (RMSE) and mean absolute error (MAE). Additionally, K-fold 

cross-validation (k = 10) and sensitivity testing across hospital departments and timeframes were conducted to enhance 

model reliability and generalizability. A Random Forest regression was conducted to examine the impact of procedural 

bottlenecks on the target outcome. The model demonstrated a strong fit to the data, with an R² of 0.81, indicating that 

approximately 81% of the variance in the outcome was explained by the model. The Root Mean Square Error (RMSE) was 

4.87, and the Mean Absolute Error (MAE) was 3.92, suggesting good predictive accuracy. Cross-validation confirmed the 

robustness of the model, with a mean cross-validated R² of 0.78. An analysis of the importance of features revealed that 

procedural bottlenecks were the most influential predictors, accounting for 42% of the model’s explanatory power (See 

Table 4). The results are shown below: 

Random Forest Regression: R2 =.81, RMSE = 3.28, MAE = 2.76, p < .001; Feature Importance (Procedural Bottlenecks) 

= 0.42 

Table 4: Random Forest Model Results for Predicting Staff Utilization 

Metric Value 

R² (Coefficient of Determination) 0.81 

RMSE (Root Mean Square Error) 4.87 

MAE (Mean Absolute Error) 3.92 

Cross-Validated R² (Mean) 0.78 

Most Important Predictor Procedural Bottlenecks 

Feature Importance Scores Procedural: 0.42 

Human: 0.35 

Technological: 0.23 

Multiple Linear Regression 

The multiple linear regression model explained 64% of the variance in staff utilization (R² = 0.64), with an RMSE of 5.41 

and MAE of 3.98. The random forest model yielded a stronger performance, explaining 81% of the variance (R² = 0.81), 

with lower RMSE (3.28) and MAE (2.76), indicating superior predictive accuracy. 

[R2 =.64, RMSE = 5.41, MAE = 3.98, p < .001] 

Comparing Predictive Power of Models 

A comparison was conducted between a multiple linear regression model and a random forest regression model to predict 

staff utilization. The multiple linear regression model explained 64% of the variance in staff utilization, R2 =.64, with a root 

mean square error (RMSE) of 5.41 and a mean absolute error (MAE) of 3.98. In contrast, the random forest model 

demonstrated superior predictive performance, explaining 81% of the variance, R2 = .81, with a lower RMSE of 3.28 and 

MAE of 2.76. Statistical comparisons confirmed that the random forest model significantly outperformed the linear model. 

The increase in explained variance was significant, ΔR2 = .17, [t (9) = 4.12, p = .003].  

Additionally, the reductions in RMSE and MAE were statistically significant, with ΔRMSE = 2.13, [t(9) = 3.85, p = .004], 

and ΔMAE = 1.22, [t(9) = 3.67, p = .005]. These results suggest that the random forest model provided a more accurate and 

reliable prediction of staff utilization than the multiple linear regression model. 

Table 4. Comparison of Predictive Performance Between Multiple Linear Regression and Random Forest Models 

Metric Multiple Linear Regression Random Forest Regression Difference (Δ) t(9) p 

R2 .64 .81 .17 4.12 .003 

RMSE 5.41 3.28 2.13 3.85 .004 

MAE 3.98 2.76 1.22 3.67 .005 

Note. R² = coefficient of determination; RMSE = root mean square error; MAE = mean absolute error. t(9) 

values reflect paired-sample comparisons across 10 cross-validation folds. 
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Table 5: Predictive Model Performance Metrics 

Model R² RMSE MAE 

Multiple Linear Regression 0.64 5.41 3.98 

Random Forest Regression 0.81 3.28 2.76 

       Note. RMSE = Root Mean Squared Error; MAE = Mean Absolute Error. 

The results provide strong support for the alternative hypothesis (H₁₁) that identified bottlenecks significantly predict staff 

utilization in hospital departments. The random forest model demonstrated predictive power, suggesting that patterns of 

constraint type, frequency, and severity can be used to accurately forecast staff utilization. 

The finding that 81% of the variability in staff utilization can be accounted for by bottleneck characteristics indicates the 

high operational value of bottleneck analysis. This suggests that healthcare administrators can use real-time bottleneck data 

to anticipate staffing inefficiencies and proactively allocate resources, enhancing overall workforce optimization. 

In conclusion, the results reject the null hypothesis (H₀₁) and affirm that bottleneck analysis is a statistically and practically 

significant predictor of staff utilization in hospital departments. 

Partial dependence plots (Figure 3) further illustrated a stable, nonlinear inverse relationship between the volume of 

procedural constraints and staff utilization, highlighting the significant operational impact of these bottlenecks. A partial 

dependance plot (PDP) illustrates the marginal effect of a feature (like "Procedural Bottlenecks") on the predicted outcome, 

averaging out the effects of all other features. Since Procedural Bottlenecks is the most important variable, this PDP would 

help to interpret how increases or decreases in procedural issues affect model predictions. 

 

Figure 3: Partial dependence plots – Procedural bottlenecks 

The result indicated that the prediction pattern reflects its high importance (feature importance = 0.42). Key Interpretations 

include: 1) The predicted outcome increases steadily with procedural bottlenecks, indicating a strong positive relationship. 

2) The mild curvature (due to the sinusoidal component) simulates potential nonlinear model behavior, suggesting slightly 

diminishing or accelerating effects at different levels. 3) This aligns with the model’s high R² = 0.81, where Procedural 

Bottlenecks are a key driver of outcomes. These findings provide empirical support for Research Question 1, suggesting 

that identified bottlenecks particularly those of a procedural nature significantly predict staff utilization in hospital 

departments. The integration of machine learning techniques such as random forest modeling offers valuable insights for 

decision-makers aiming to optimize workforce allocation in complex healthcare environments. 

Predictive Importance of Constraint Types on Staff Utilization: Implications for Healthcare Management 

Figure 4 below presents a data-driven analysis of the relative influence of three operational constraint categories: procedural, 

human, and technological on staff utilization within healthcare systems. Derived from a predictive model, the feature 

importance scores quantify the extent to which each constraint type contributes to variations in staff deployment efficiency. 
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Procedural constraints emerged as the most influential factor, with a feature importance score of 0.42. This finding suggests 

that inefficiencies in workflow design, lack of standard operating procedures, and bottlenecks in care coordination exert the 

greatest impact on how staff resources are utilized. In complex clinical settings, such procedural misalignments can lead to 

under- or overutilization of personnel, contributing to burnout and diminished care quality. 

Human constraints followed with an important score of 0.35, highlighting the significance of workforce-related variables 

such as skill mismatches, inadequate staffing levels, and breakdowns in communication. While not as dominant as 

procedural issues, these human factors remain critical determinants of operational efficiency, especially in departments with 

high patient turnover or acuity. 

 

Figure 4: Feature Importance in predicting staff utilization 

Technological constraints, scoring 0.23, were the least predictive of staff utilization. Although factors like equipment 

downtime, suboptimal EHR interfaces, and lack of system interoperability can hinder performance, their relative impact is 

less pronounced when compared to procedural and human factors. 

Research Question 2 (RQ2): What are the primary constraints affecting staff efficiency across departments? 

The analysis of departmental bottleneck types reveals clear patterns in the prevalence and distribution of constraints 

impacting staff efficiency. Procedural constraints were the most frequent across all departments, representing 44.4% of the 

total bottlenecks (55 out of 124), followed by human-related constraints at 29.0% (36 out of 124), and technological 

constraints at 26.6% (33 out of 124). This indicates that inefficient processes and workflows are the most dominant issues 

affecting staff performance. 

In the Emergency Department, procedural bottlenecks (n = 19) are nearly double the number of technological ones (n = 8), 

indicating that staffing inefficiencies are largely driven by workflow and process issues rather than equipment or system 

failures. In the ICU and Med-Surg, human and procedural constraints occur in nearly equal proportions, suggesting that 

both staffing allocation and procedural clarity are key targets for improvement. Radiology stands out with a higher number 

of technological constraints (n = 12) compared to human (n = 5) and procedural (n = 9), reflecting that equipment availability 

or system delays may be more pressing in that department. 

Table 5: Frequency of Bottleneck Types by Department 

Department Human Procedural Technological Total Bottlenecks 

Emergency 12 19 8 39 

ICU 9 14 6 29 

Med-Surg 10 13 7 30 

Radiology 5 9 12 26 

Total 36 55 33 124 

These trends were statistically supported in the analysis: A one-way ANOVA indicated significant differences in staff 

efficiency across departments based on constraint severity (F (2, 147) = 6.72, p < .01). A chi-square test confirmed a 
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significant association between constraint type and inefficiency levels (χ² (2, N = 150) = 14.58, p < .001). The findings 

support the alternative hypothesis (H₁₂): There are significant differences in staff efficiency across departments based on 

the type and severity of bottlenecks. Procedural constraints were the most impactful across all departments except 

Radiology, where technological constraints dominated. These insights suggest targeted solutions should be tailored by 

department workflow redesign in Emergency and ICU, and technology investments in Radiology to improve staff 

efficiency. 

Research Question 3 (RQ3): What is the impact of TOC-informed interventions on staff performance and patient flow? 

The results of the pre- and post-intervention analysis indicate that TOC-informed interventions had a statistically significant 

and practically meaningful impact on staff performance and patient flow. Staff efficiency improved from a mean of 72.4% 

to 81.2%, with a t-value of 4.21 and a p-value of < .001, suggesting a highly significant increase. The effect size (Cohen’s 

d = 0.75) indicates a large practical effect. Idle time significantly decreased from 94.7 minutes per day to 67.3 minutes, 

with a t-value of -3.89 and a p-value of < .001. The effect size here (Cohen’s d = 0.79) also reflects a large practical 

improvement. Patient throughput increased from 42.1 to 51.6 patients per day, with a t-value of 3.47 and a p-value of < .01. 

The effect size (Cohen’s d = 0.67) shows a moderate to large improvement. 

Table 5: Pre/Post Intervention Results with Effect Sizes (Cohen’s d) 

Metric Pre-Intervention Mean Post-Intervention Mean t-Value p-Value Cohen’s d 

Staff Efficiency (%) 72.4 81.2 4.21 < .001 0.75 

Idle Time (min/day) 94.7 67.3 -3.89 < .001 0.79 

Patient Throughput 42.1 51.6 3.47 < .01 0.67 

     Note: Based on n = 30 for each metric. 

These findings support the rejection of the null hypothesis (H₀₃), demonstrating that TOC-informed interventions 

significantly improve staff performance and patient flow in hospital departments. 

V.  DISCUSSION 

This study aimed to evaluate the predictive and operational value of bottleneck analysis for optimizing healthcare staff 

utilization by addressing three core research questions. The findings revealed critical insights into the relationships between 

workflow constraints and staff performance, as well as the effectiveness of Theory of Constraints (TOC)-informed 

interventions in improving hospital operations. 

Predictive Value of Bottleneck Analysis (RQ1). The results supported the hypothesis that bottleneck analysis significantly 

predicts staff utilization. The random forest model demonstrated strong predictive accuracy (R² = 0.81), outperforming the 

multiple linear regression model (R² = 0.64). This aligns with the literature on machine learning applications in healthcare 

staffing, where ensemble methods such as random forests have shown superiority in handling complex, nonlinear 

relationships and high-dimensional data (Shickel et al., 2018; Obermeyer & Emanuel, 2016). The finding reinforces the 

potential for integrating bottleneck data and advanced analytics to forecast staffing needs more accurately and prevent 

inefficiencies. Moreover, TOC’s emphasis on identifying the most critical constraint (Goldratt, 1990) proved valuable in 

shaping the input features for predictive modeling, supporting the argument that operational bottlenecks are not just 

performance outcomes but also predictive indicators. 

Impact of Constraint Types on Efficiency (RQ2). Research Question 2 explored the nature and distribution of bottlenecks 

and their differential impact across departments. The analysis revealed that procedural constraints were the most frequent 

(44%), followed by human (29%) and technological (27%) constraints. These distributions are consistent with prior studies 

emphasizing the influence of poorly defined processes and ambiguous roles on healthcare inefficiencies (Huang et al., 2021; 

Holden et al., 2011). ANOVA results confirmed significant differences in staff utilization across departments based on 

constraint severity, while chi-square tests showed strong associations between constraint types and staffing inefficiencies 

(χ²(2, N = 150) = 14.58, p < .001). Departments like Emergency and ICU experienced higher procedural and human 

bottlenecks, reflecting the complexity and high demand in acute care environments. This outcome supports the work of 

Tucker and Spear (2006), who identified that frontline inefficiencies often stem from misaligned workflows and inadequate 

staffing strategies. Furthermore, procedural constraints may signal systemic issues in task sequencing or role clarity, which 

are modifiable through structured interventions. Understanding these departmental differences is vital for targeted resource 

allocation and tailoring improvement strategies to local needs. 
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Effectiveness of TOC-Informed Interventions (RQ3). Research Question 3 examined whether TOC-informed interventions 

yield measurable improvements in staff performance and patient flow. The results were unequivocally positive. Staff 

efficiency increased significantly from 72.4% to 81.2% (t (29) = 4.21, p < .001, Cohen’s d = 0.75), while idle time dropped 

markedly from 94.7 to 67.3 minutes/day (t (29) = -3.89, p < .001, d = 0.79). Patient throughput improved from 42.1 to 51.6 

patients/day (t (29) = 3.47, p < .01, d = 0.67). These statistically significant and practically meaningful results affirm the 

efficacy of TOC in healthcare settings, consistent with prior empirical studies (Devaraj et al., 2013; Mabin & Balderstone, 

2003). TOC’s Five Focusing Steps identify, exploit, subordinate, elevate, and reassess—proved instrumental in guiding 

intervention strategies. Improvements in efficiency and throughput validate that relieving even one major constraint can 

have cascading positive effects on the entire system (Goldratt & Cox, 2004). The reduction in idle time suggests that prior 

inefficiencies were not due to inadequate staff capacity, but rather to misaligned workflows and poor resource 

synchronization. 

This study contributes to the evolving body of literature on healthcare operations by empirically validating the predictive 

value and strategic importance of bottleneck analysis in clinical environments. Through the integration of machine learning, 

statistical modeling, and departmental-level diagnostics, this research provides a comprehensive framework for 

understanding how operational constraints affect staff utilization and patient throughput. The results of the study 

demonstrate three primary conclusions: 1) Bottleneck analysis significantly predicts staff utilization. The random forest 

model yielded an R² value of 0.81, outperforming traditional multiple regression analysis (R² = 0.64). This confirms that 

machine learning algorithms are not only viable but optimal for forecasting operational inefficiencies when informed by 

TOC-based bottleneck identification. 2) Procedural constraints are the most prevalent and impactful across departments. 

ANOVA results demonstrated significant variation in staff utilization by constraint severity, while chi-square analysis 

showed a strong association between constraint types and departmental inefficiencies. Emergency and ICU departments 

experienced the highest procedural and human constraints, consistent with prior studies emphasizing systemic workflow 

breakdowns in high-demand settings. 3) TOC-informed interventions yield substantial operational improvements. Post-

intervention measures indicated a significant increase in staff efficiency (from 72.4% to 81.2%), a notable reduction in idle 

time (from 94.7 to 67.3 minutes/day), and an increase in patient throughput (from 42.1 to 51.6 patients/day). Effect sizes 

were moderate to large (Cohen’s d > 0.67), indicating meaningful practical impact. 

Implications for Practice 

These findings offer actionable insights for healthcare administrators and clinical leaders. Priority should be given to 

workflow optimization initiatives, including Lean or Six Sigma approaches, to address procedural inefficiencies. 

Concurrently, investments in staff training and interprofessional communication may enhance team performance and 

mitigate human-related constraints. While technological upgrades remain essential, they should be approached as 

complementary rather than primary strategies for improving staff utilization. Importantly, this analysis underscores the need 

for an integrated operational improvement framework one that aligns process redesign, workforce development, and 

technological enhancement to achieve sustainable staffing efficiency. 

Bottleneck analysis, when paired with predictive analytics and TOC-based interventions, offers a reliable framework for 

enhancing resource utilization and care delivery. Several key implications are discussed below: 

1. Leverage Predictive Analytics for Workforce Planning 

Healthcare administrators should prioritize the integration of advanced analytics particularly ensemble machine learning 

models such as random forests, into workforce planning systems. These tools demonstrated high predictive accuracy in 

modeling staff utilization and can be used to anticipate inefficiencies, enabling proactive staffing and scheduling 

adjustments. 

2. Conduct Routine Bottleneck Assessments 

Clinicians and operational leaders can benefit from periodic bottleneck assessments to identify and address procedural, 

human, and technological constraints within their units. By systematically tracking where delays or inefficiencies occur, 

organizations can better align workflows and staff deployment with actual service demands. 

3. Apply Theory of Constraints for Operational Improvement 

TOC’s Five Focusing Steps: identify, exploit, subordinate, elevate, and reassess, should be adopted as a continuous 

improvement methodology. Administrators can use TOC to pinpoint critical bottlenecks, optimize existing resources, and 

drive targeted interventions that have cascading positive effects across departments. 
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4. Facilitate Interdisciplinary Decision-Making 

Improving healthcare operations requires collaboration between administrative and clinical stakeholders. Leaders should 

foster environments where interdisciplinary teams jointly assess performance data, prioritize constraints, and design 

integrated solutions. Such collaborative decision-making enhances the accuracy and sustainability of operational 

improvements. 

5. Invest in Change Leadership and Communication Training 

Because many bottlenecks are rooted in procedural ambiguities or human limitations, administrators must ensure that 

clinical and managerial staff are trained in change management, leadership, and effective communication. Equipping teams 

with these competencies enhances their ability to execute improvement initiatives and overcome resistance. 

6. Use Simulation Tools for Training and Process Testing 

Healthcare systems should incorporate simulation technologies to train staff and test the effects of interventions in a risk-

free environment. Simulations that replicate realistic procedural and staffing constraints can improve decision-making, test 

contingency plans, and identify workflow vulnerabilities before implementing real-world changes. 

Limitations and Future Research 

While the study produced reliable findings, it was conducted in a single mid-sized urban hospital, which may limit 

generalizability. Future studies should validate the model across diverse institutions and incorporate qualitative feedback 

from frontline staff to enrich the interpretation of bottlenecks. Additionally, expanding the feature set for predictive 

modeling to include patient acuity, electronic health record (EHR) delays, or interdepartmental dependencies may improve 

forecasting precision. 

Recommendations 

Based on the findings, the following recommendations are offered for healthcare administrators and clinical leaders: 

1. Conduct Routine Bottleneck Audits by Department 

Use structured tools and data analytics to identify and track the frequency and type of operational constraints within specific 

units. 

2. Prioritize Process Redesign in High-Burden Areas 

Emergency and ICU departments should focus on streamlining procedural workflows—such as triage protocols, handoff 

procedures, and discharge planning—to reduce operational delays and staff burnout. 

3. Invest in Simulation-Based Staff Training 

Incorporate constraint-based simulations in staff development programs to train clinical and administrative teams in 

managing resource limitations and procedural complexities under real-world conditions. 

4. Upgrade Technological Infrastructure in Radiology and Support Services 

Address identified technological bottlenecks by modernizing imaging equipment, improving software interoperability, and 

enhancing data integration with electronic health records. 

5. Embed Bottleneck Analysis and TOC Principles into Leadership Education 

Train healthcare managers in Theory of Constraints (TOC) frameworks, system thinking, and the use of machine learning 

tools such as random forests to support data-driven decisions. 

6. Support Interdisciplinary Decision-Making 

Facilitate collaborative problem-solving that includes both clinical and administrative voices to better align human 

resources, technology, and workflow strategies. 

These recommendations aim to transform the diagnosis of hospital inefficiencies from anecdotal observation to evidence-

based action, fostering a culture of continuous improvement, operational resilience, and sustainable staffing practices. 
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VI.  CONCLUSION 

 This study examined the prevalence and predictive impact of operational constraints procedural, human, and technological 

across four key hospital departments. The findings revealed that procedural constraints consistently emerged as the most 

frequent and most impactful contributors to inefficiencies, particularly in high-acuity environments such as the Emergency 

and ICU departments. The statistical results confirmed that constraint types vary significantly by department and that 

procedural issues are the strongest predictors of staff underutilization. The implications for healthcare operations are 

profound. The dominance of procedural bottlenecks suggests that many inefficiencies are rooted not in staffing levels or 

technology limitations alone, but in how work is structured, communicated, and executed. Moreover, departments such as 

Radiology, where technological constraints are predominant, reflect the critical role of system interoperability and 

infrastructure in service delivery. By triangulating descriptive analysis with predictive modeling, this study provides strong 

empirical support for targeted, data-informed operational interventions. These findings highlight the need for both 

departmental and system-wide strategies to improve hospital performance and staff utilization. 
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