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Abstract

Throughout human history, the pursuit of healthcare has remained one of life's most essential endeavors. Over the last
century, academic discourse has focused on two primary concerns: quality and ethics in healthcare. Alongside these
developments, the field of medical humanities has emerged as a distinct area of research. This discipline seeks to
integrate the subjective experiences of patients into the largely objective, scientific realm of medicine, utilizing
literature as a powerful tool to shape and enhance quality in clinical practice. In the manufacturing and electronics
industries, systems engineering has reduced defects to "one per million" through automation and standardized
protocols. In contrast, healthcare remains as a "cottage industry" characterized by high manual variability. Although
medical technology has advanced exponentially, unacceptable error rates of almost 5% persist in healthcare. Past
experience shows that healthcare quality cannot be achieved through an "industrial model" of statistical control alone.
Instead, it requires Narrative Competence: the ability to acknowledge, absorb, and act upon the stories of illness. Real
healthcare quality is a systemic output. It cannot be "inspected into" the process through late-stage error analysis alone.
Instead, it must be "designed into" the system by cultivating narrative competence at the foundational level, ensuring
that the entire socio-technical architecture is built on a "sensitive state of mind" and deep empathy for the patient. This
paper takes an initiative to integrate Narrative Medicine (NM) concepts into the framework of healthcare quality
through Systems Engineering (SE) for a more rigorous, structural approach for reducing systemic variability and
bridging information asymmetry between the doctor and patient to achieve higher quality and safety in healthcare
systems. Healthcare systems are structured into states and possibility of transitions from stable states to a failure state
is investigated. A Markov model is constructed to analyze the structure from systems engineering perspective with
narrative medicine and narrative competence incorporated into the model.
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1. Introduction

Healthcare represents one of the most vital endeavors in the history of human civilization. For over two millennia,
significant expertise and effort have been dedicated to maintaining human health and prosperity. While medical
science and technology have advanced at an incredible pace, unacceptable error rates and unexpected negative
outcomes persist within modern hospital systems. Research indicates that in the United States alone, preventable
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medical errors—such as misdiagnosis, medication mistakes, and surgical failures—contribute to approximately
120,000 deaths annually. Historically, academic and professional discourse has centered on two primary challenges:
Healthcare Quality and Clinical Ethics. Healthcare quality is conventionally defined by the minimization of errors and
the degree to which medical services meet established standards or patient needs. Parallel to this, clinical ethics
governs the physician-patient relationship, focusing on respect for individuals, informed consent, and the moral
standards of medical conduct. However, the pursuit of quality is often hindered by systemic factors such as high
variability in treatment, information asymmetry between providers and patients, and the inherent risks of human-
performed procedures. To address these persistent failures, a new paradigm is required-one that integrates the technical
rigor of Systems Engineering with the human-centered approach of Narrative Medicine.

Systems Engineering provides the structural framework necessary to transform healthcare from a high-variability
"cottage industry" into a high-reliability organization. By applying engineering principles such as closed-loop
feedback, variance reduction, and systematic redesign, healthcare providers can proactively address ethical conflicts
and technical lapses. Yet, as recognized by quality pioneer Donabedian (1966), an "industrial model" alone is
insufficient. This is where Narrative Medicine becomes essential. Defined as medical practice performed with
"narrative competence," it allows clinicians to acknowledge, interpret, and act upon the subjective stories and plights
of their patients. Narrative medicine bridges the gap between the objective world of science and the subjective
experience of illness. By integrating these stories into the clinical workflow, providers develop the empathy and
"sensitive state of mind" necessary to provide truly ethical, high-quality care. The integration of these disciplines
suggests a functional dependence: real healthcare quality is a systemic output that can only be achieved through the
improvement of ethics, which in turn relies on the understanding of the patient cultivated through narrative medicine
and structured by systems engineering.

In this paper, we introduce the problems faced in healthcare systems that degrade the quality to an unacceptable level,
as low as 5% errors, as compared to 0.27% errors (2,700 errors per million) in classical industry and 0.0000002%
(0.002 errors per million) in high precision manufacturing and electronics industry. Based on the integration of
healthcare quality, systems engineering, and the medical humanities, several research papers provide a foundation for
investigating how narrative medicine and structural engineering principles can reduce clinical errors and improve
patient outcomes. Following list of the reviewed literature is presented in chronological order.

Rasmussen (1982) classifies human errors and presents a taxonomy for describing human malfunction in industrial
installations. Wennberg (1982) first introduced the variations problem in medical practice and how to deal with them.
Zapf and Reason (1994) present human errors and how to handle them. Birnbaum (1994) investigates ways of
measuring healthcare quality from different perspectives. Benneyan and Kaminsky (1995) presents a view on how to
measure healthcare quality. Jones (1999) discusses the narrative concepts as it relates to medical ethics. Berwick and
Leape (1999) discusses some ways of reducing errors in medicine. Charon (2001) presents narrative medicine as a
model for empathy, reflection, profession, and trust. Sugarman and Sulmasy (2001) discuss various methods of
medical ethics. Francois, et al. (2003) discuss the evaluation of implementing a Quality Management Systems in a
teaching hospital clinical department. Issues related to implementation of the system are presented. Lee and Foo (2006)
present general concepts of narratives in healthcare.

McCullough, et al. (2007) presents a systematic review for argument-based clinical ethics literature. Nelson, Gardent,
Shulman, and Splaine (2009) present a system design concept for preventing ethical conflicts and improving
healthcare quality. Aronson (2009) makes a classification of medical errors and presents a detailed definition for each
type of possible errors. Wennberg (2010) discusses the idea of tracking medicine as a quest to understand health care
results. Moulton and King (2010) present the idea of aligning ethics with medical decision-making as a quest for
informed patient choice. Oyebode (2010) details the medical humanities in the context of literature and medicine.
Hurwitz and Charon (2013) outline the concepts of narrative future for health care. Ross (2013) published a book on
healthcare quality management which included various tools and applications. Waring, et al. (2015) presented
sociological and mainstream approaches to healthcare quality and safety. Tekiner (2016) also presents ethical
considerations related to narrative medicine in patient centered medicine. Berwick and Daniel (2016) look at
Donabedian’s classic article 50 years later to evaluate the quality of medical care and how to approach for
improvement. Abdul Malak (2017) discussed quality improvement (QI) in medical education. Implications for
curriculum change and introduction of QI courses in medical schools are proposed so that early exposure and training
in QI would allow students to develop a passion for QI and to understand how it can be applied in the future.
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Howell and Ayanian (2016) revisited the Ernest Codman’s “the end result system: a pioneer of health outcomes” and
discussed the basic concepts and how the healthcare quality was affected. Charon (2017) discusses issues how to see
and understand the patient’s suffering. Selanders (2019) discussed the first British Nurse, Florence Nightingale, who
introduced health care quality concepts with statistical analysis. Savsar and Savsar (2019) presents details of main
issues in healthcare quality and how narrative medicine can help in overcoming healthcare quality problems. This
paper considers the current state of healthcare quality, and a new approach is presented from systems engineering
view integrated with narrative medicine concept as a solution to the long-standing healthcare quality problem.

2. Quality and Healthcare

Quality control (QC) is the operational heartbeat of any functional system. Whether it is a manufacturing plant or a
complex hospital network, QC ensures that the actual output aligns with the intended standard, preventing "drift"
toward inefficiency or failure. Failures are inadvertently in nature of any operation. They cannot be avoided fully,
however, they must be minimized and reduced to a ‘near zero’ level. In any system, whether it is industrial, logistical
or digital, quality control serves three primary pillars: Stability, Efficiency, and Trust. All processes have natural
variations. QC uses statistical methods (like control charts) to distinguish between normal fluctuations and "assignable
causes" that indicate a system failure. By identifying defects early in the process, such as at the input or transformation
stages, systems avoid the multiplier effect, where a small error becomes an expensive disaster at the output stage.
Consistent quality builds brand equity. If a system produces unpredictable results, it loses its place in the market or its
utility to the user. QC data provides the feedback loop necessary for system optimization. You cannot improve what
you do not measure accurately. Measurement followed by detailed analysis are critical steps in quality control and
quality improvement

In healthcare, the stakes of quality control shift from financial loss to human life. The system here is extremely
complex, involving high-stress environments, biological variability, information asymmetry, imbalance in bilateral
activity, and multidisciplinary teams. Physicians are usually under high stress with patients and families demanding
cures for their illnesses. System inputs are patients that have no homogeneity biologically, no homogeneity even with
the same type of illnesses and how they respond to the same treatment. There is information asymmetry between the
doctor and the patient. While one has high expertise, the other has no knowledge, which creates unbalance in deciding
on treatment procedure. Also, in the bilateral activity between the patient and the healthcare provider, one party may
be badly affected because of the treatment decision and its consequences, while the other party is not. A patient can
be disabled or loose life due to wrong treatment while the healthcare provider has no effect whatsoever. Due to extreme
variability in illness types, multidisciplinary teams are concerned, which makes treatment more complicated and
healthcare quality ruined.

In laboratory settings, QC is a rigid requirement. Every diagnostic machine must be calibrated against known standards
daily. QC ensures that tests correctly identify those with a disease (sensitivity) and those without it (specificity),
preventing dangerous false negatives or traumatic false positives. Healthcare systems use QC to ensure Evidence-
Based Medicine. By auditing patient outcomes against standardized clinical guidelines, hospitals can ensure that every
patient receives the current "Gold Standard" of care, regardless of which physician is on duty. Healthcare systems are
often overburdened. Quality control tools like Six Sigma or Lean are used to reduce wait times in emergency rooms
or optimize the turnaround time for operating theaters. Efficiency in healthcare isn't just about saving money; it’s
about freeing up a bed for the next person in a crisis. However, these measures do not solve the core problem, which
is to treat seriously injured patients and to save lives of people.

The most critical role of QC in healthcare has been the prevention of medical errors, which include medication
mistakes, surgical site errors, or diagnostic failures. QC protocols, such as surgical checklists or double verification
of prescriptions, act as "Swiss Cheese" model layers to catch human error, which is more of a mechanical approach
rather than a humanistic approach. It may be possible to avoid 99.9 % of errors. But how about the other 0.1% of
humans, which may amount to hundreds of thousands that may end up with serious health related issues or lost lives
due to wrong treatment. Therefore, QC in healthcare requires an added layer of empathy and ethical vigilance that
mechanical systems do not. This is where narrative medicine and narrative competence come into play. While
healthcare quality is traditionally measured through clinical outcomes and procedural adherence, the burgeoning field
of Narrative Medicine (NM) suggests that narrative competence, the ability to witness and interpret patient stories, is
a critical, yet under-researched, determinant of care quality. The later section of this paper identifies key research
voids in long-term clinician behavior, digital integration, and global scalability. We propose a research agenda that

© IEOM Society International 980



Proceedings of the 16" International Conference on Industrial Engineering and Operations Management
Ankara, Tiirkiye, June 23-25, 2026

moves beyond short-term empathy metrics toward a sustainable "Just Culture" of shared accountability. Table 1
compares the general systems with healthcare systems with respect to various criteria. This comparison shows how
serious gaps are between general systems and healthcare systems with respect to quality and other issues. Primary
goals, cost of failure or error, data source and regulation are all different in healthcare systems as compared to
industrial or service systems.

Table 1. Summary Comparison of General Systems and Healthcare Systems

Feature General Systems Healthcare Systems

Primary Goal Efficiency & Profitability Patient Safety & Clinical Outcomes
Cost of Failure Scrapped Material / Refunds Morbidity / Mortality

Data Source Sensor data / Production logs Electronic Health Records / Lab Results
Regulation ISO standards / Market forces Strict Government & Ethical Oversight

3. Healthcare Quality from Systems Engineering (SE) Perspective

In the manufacturing and aerospace industries, systems engineering has reduced defects to "one per million" through
automation and standardized protocols. In contrast, healthcare remains a "cottage industry" characterized by high
manual variability. By applying SE principles, we can redesign healthcare to move toward High Reliability
Organizations (HROs).

3.1. Reducing Systemic Variability
Systems engineering identifies variability as the primary enemy of quality. Variability arises due to several factors.
e [nput Heterogeneity: In engineering, raw materials are uniform while in healthcare patients are biologically
diverse.
e Process Variability: SE aims to standardize the "Voice of Medicine" to ensure that treatment for the same
disease does not vary wildly between hospitals or countries.
o Control Mechanisms: Implementing decision-support systems and automated error-detection tools can
minimize the "human factor" lapses that lead to malpractices.

3.2. Bridging Information Asymmetry through System Architecture

SE focuses on the "interface" between components. In the clinical setting, the interface between the doctor and patient
is often flawed due to information asymmetry. While the doctor is highly educated in medicine, the patient has no
knowledge.

o Feedback Loops: Systems engineering promotes "closed loop" communication. Narrative medicine acts as
the feedback mechanism that ensures the patient's subjective state is accurately integrated back into the
technical treatment plan.

e Shared Decision-Making (SDM): From an SE perspective, SDM is a synchronization protocol that aligns the
provider’s technical goals with the patient’s life goals, reducing the waste of resources on unwanted
procedures.

3.3. The Functional Hierarchy
As a systems logic, we can model the relationship between these concepts as a Functional Flow Block Diagram
(FFBD), where each level serves as a sub-system for the next.

o  Sub-System A: Medical Humanities (The Input Processor). This provides the raw data—narrative
competence—necessary to perceive the "subjective experience" of the patient. At this stage engineered
intervention is to provide education in narrative literature, cultivation of clinical narrative competence that
results in high-fidelity narrative data input for the next stage.

o  Sub-System B: Clinical Ethics (The Logic Controller). This utilizes the narrative data to execute moral
decision-making, ensuring "respect for people" and "informed consent". It is to execute informed consent,
shared decision-making, and reduced information asymmetry, which results in optimized state transitions.

e  Sub-System C: Healthcare Quality (The System Output). The result of the ethical sub-system functioning
correctly, leading to minimized errors, improved safety, and clinical success. This results in maximizing
complete success and minimized system failure.
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Real healthcare quality is a systemic output. It cannot be "inspected into" the process through late-stage error analysis
alone. Instead, it must be "designed into" the system by cultivating narrative competence at the foundational level,
ensuring that the entire socio-technical architecture is built on a "sensitive state of mind" and deep empathy for the
patient.

4. Healthcare Quality from Narrative Medicine Perspectives

To look at healthcare quality through the lens of Narrative Medicine while applying a Systems Engineering approach
requires us to treat "The Story" as a primary data input and "The System" as the processor that must remain reliable
despite high human variability. In this framework, Quality is defined as the system's ability to achieve "Narrative
Competence”, the capacity to recognize, absorb, interpret, and be moved by the stories of illness. In this respect, the
following framework is considered.

4.1. The Conceptual Framework of Narrative-System Integration
In traditional Systems Engineering (SE), we often focus on Hard Systems (machines, protocols and data). Narrative
Medicine introduces a Soft Systems layer where the "input" is unstructured and subjective.

4.2. The Narrative as ""High-Entropy Data"

A patient’s story is highly disordered, unstructured, unpredictable and full of "noise" with fear, cultural nuances, non-
linear timelines. High-Entropy data are highly unpredictable and complex. When a patient tells their story, they do not
present a clean timeline. They might start with their current pain, jump back to a childhood memory, express fear of
a diagnosis, use cultural metaphors to describe their symptoms, or omit key clinical details while focusing on
emotional distress. From a strict data-processing perspective, this narrative is "high-entropy" because the information
is scattered across a vast space of possibility. It contains a low signal-to-noise ratio where the "signal" (the clinical
facts) is deeply embedded in "noise" (emotions, tangents, and subjective interpretations). A hard system, like an MRI
machine or an automated laboratory workflow, is designed to keep entropy as low as possible. It relies on deterministic
inputs to produce repeatable, structured outputs. However, a patient's lived experience is naturally disordered. Illness
disrupts a person's life, creating psychological, emotional, and social chaos. When they speak, they are projecting that
inner disorder. The narrative is not a neat, linear database; it is a complex cloud of qualitative data points. The
engineering task is entropy reduction by designing a workflow as shown in Figure 1 that filters this entropy into
actionable clinical states without losing the essential human context.

High-Entropy Input: Filter / Workflow: Low-Entropy Output:
Disordered Patient Story: Narrative Medicine & Structured Clinical States
Fear, memories, non-linear SE Protocols & Actionable Care Plan

timeline, pain

Figure 1. Transforming high-entropy patient story into low-entropy

In traditional systems engineering, we might be tempted to eliminate the "noise" (e.g., by forcing the patient to only
answer multiple-choice questions) to keep the system simple. However, in medicine, doing so risks losing the essential
human context-such as the patient's underlying values, trust barriers, or qualitative symptoms that hold the key to an
accurate diagnosis and treatment adherence. Therefore, the system must be engineered to accept the high-entropy
input (listen to the unstructured story). Process and filter it (extract the clinical "signals" and map them to actionable
medical states). Preserve the human context (integrate the patient's values and fears into the design of the care plan).
In short, narrative data is "high-entropy", which means that the data is rich, messy, and disorganized, representing a
challenge where the engineer must design a process to extract order from chaos without destroying the value of the
chaos itself.

5. Healthcare Quality with Narrative-System Interface- A Stochastic Approach

We can model narrative-system integration using a state space representation or a Markov Process where the
"Quality" of the outcome depends on the transition through "Listening States."

For the "Narrative-Reliability" Markov Model we can define five states based on the integration of the story into the
system. The 5-State Space and Transition Matrix are as follows:
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1. State 0: Coherent Integration (Target): This is the state where the system has absorbed the patient's story.
The care plan is perfectly aligned with the patient’s biological and personal context. (Transient State)

2. State 1: Information Gap: The system has clinical data (blood work, scans) but lacks the "story." There is
high risk of misinterpreting symptoms. (Transient State)

3. State 2: Narrative Dissonance: The patient’s story contradicts the system’s data (e.g., patient says they are
in pain, but scans are clear). (Transient State)

4. State 3: Complete Success (Safe Discharge) (The Positive Absorbing State): The care plan successfully
aligns with the patient's biology and personal context, they recover, and they are safely discharged.

5. State 4: System Failure (Absorbing State): A medical error occurs because the "context" was ignored. (The
Negative Absorbing State): A critical medical error occurs due to ignored context, leading to a permanent
adverse outcome. The patient could not be treated.

To develop a Markov model for Narrative Reliability, we need to transition from a conceptual framework into a
mathematically rigorous structure. In this model, we treat clinical interaction as a dynamic system where the patient's
narrative is either successfully integrated, lost in transition, or actively misaligned, potentially leading to a system
failure (an absorbing state). The transition matrix is now structured as follows.

5.1. Transition Matrix

The state space is S = {0, 1, 2, 3, 4} representing the five clinical states as defined above. To model this as a discrete-
time Markov chain, we define the transition probability p;j = P(X+1 =j / Xi = 1) which represents the probability of
moving from state i to state j in a single clinical encounter or time step (e.g., a triage step, one day or shift in the ward,
a specialist consultation, or a follow-up visit). The general transition matrix P is structured as follows:

Poo Por Pox Pos Pos

P= Py Pu Pix Piz Puy Q R
P P Py Pz Pu| - (0 1
0 0 0 1 0
0 0 0 0 1

Where Q= matrix of transitions between the transient states; R= matrix of transitions from the transient states to the
two absorbing states; 0 =2 x 3 zero matrix and I= 2 x 2 identity matrix. The following boundary conditions and
structural rules apply.

Row stochastic property: For every row i, the probabilities must sum to 1, >; Pji=1

Absorbing States (State 3 and State 4): State 4 (System Success/Safe Discharge) is defined as an absorbing state;
once the system enters this state, it cannot leave. State 3 (System Failure/Medical Error) is also defined as an absorbing
state; once the system enters this state, it cannot leave either. Thus, P33=1 and P3p= P3;=P3,=P34=0. Similarly, P4=1
and P40= P41=P42: P43:0.

5.2. Defining the Content (Transition Probabilities)
To populate the matrix with realistic clinical and operational meaning, we must define what triggers a transition
between these states. Details of each transition are explained below.
Transition from state 0 (From Coherent Integration): The system is currently in perfect alignment. How can it
degrade? There are four possibilities as follows.
Poy (Maintain Alignment): The clinician continues active listening and updates the electronic health record
(EHR) with qualitative notes.
Po1 (Drop to Information Gap): A handoff occurs (e.g., patient is transferred to a different ward). The clinical
data transfers, but the "narrative" is lost in translation.
Po2 (Drop to Narrative Dissonance): New objective lab results arrive that seem to contradict the patient's reported
physical experience, creating cognitive dissonance for the care team.
Pos (Direct to System Success): A transition to complete success occurs because the patient is successfully
discharged.
Pos (Direct to System Failure): Unlikely to happen directly from State 0 unless a sudden, catastrophic
communication failure occurs. Thus, Po4 is approximately zero.
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Transition from state 1 (From Information Gap): The system has clinical data but lacks the human story. There are

four possible transitions from this state also.

Pi1o(Resolve to Integration): The clinician conducts a narrative interview or uses a "soft systems" intake protocol
to capture the missing context.

P11 (Stay in Gap): The consultation continues with a purely biomedical focus, ignoring the patient's subjective
input.

P12 (Shift to Dissonance): The patient expresses a symptom that does not match the cold data, but because there
is no structured way to process it, it is viewed as an anomaly.

P13 (System Success): The treatment is successful and patient is discharged.

P14 (Escalate to Failure): A critical decision (e.g., prescribing medication) is made purely on lab values, ignoring
a patient's historical context (e.g., "I previously had a severe psychological reaction to this class of drugs"),
resulting in a major adverse event.

Transition from state 2 (From Narrative Dissonance): The story and the data are actively contradicting each other.
P2 (Resolve to Integration): The clinician uses Narrative Medicine tools to investigate why the contradiction
exists (e.g., exploring somatization, cultural reporting styles, or unrecognized localized pain), reconciling the data
and the story.

P21 (Default back to Information Gap): The clinician decides to ignore the patient's subjective story entirely and
relies solely on the lab scans, effectively deleting the narrative to resolve the cognitive dissonance.

P22 (Stay in Dissonance): The conflict remains unresolved; diagnostics are repeated, and the patient feels
increasingly misunderstood.

P23 (System Success): The treatment is successful and patient is discharged.

P24 (Escalate to Failure): The clinician dismisses the patient's symptoms as "psychological" or "exaggerated"
because the scans are clear, leading to a missed critical diagnosis (e.g., a rare condition or early-stage disease not
visible on standard scans).

Transition from state 3 (System Success-Patient Discharge): Since this state is an absorbing state, once it is entered,

it is not possible to transfer to any other states. From healthcare quality point of view, probability of entering this state

is the probability of getting the patient treated and discharged from the system.

Transition from state 4 (System Failure-Absorbing State): Since this state is also an absorbing state, once it is

entered, it is not possible to transfer to any other states. From healthcare quality point of view, probability of entering

this state is the probability of getting a defect or the fraction of defects in the system. The following probability
transition matrix has been constructed as a case example to illustrate the problem.

0.85 0.05 0.05 0.05 0.00
P= 0.60 0.20 0.10 0.08 0.02
0.70 0.05 0.15 0.08 0.02
0.00 0.00 0.00 1.00 0.00
0.00 0.00 0.00 0.00 1.00

5.3. The Engineering Rationale Behind the Probabilities

From Coherent Integration State (Row 0): The system is highly stable (Poo= 0.85). Because of robust digital handoff
tools, the probability of dropping to an Information Gap State (Po;= 0.05) or to a Dissonance State (Pp= 0.05) is
extremely low. A handoff is an interface, such as the moments when responsibility for a patient shifts from one team,
shift, or department to another (e.g., from the Emergency Department to the Internal Medicine Ward, or from the day
shift to the night shift). Without intervention, handoffs are highly vulnerable to degradation. A robust digital handoff
tool is an engineered software interface within the Electronic Health Record (EHR) specifically designed to prevent
this information loss, keeping the probability Po; as close to zero as possible. There is a steady 5% chance of a
successful discharge (Pg3= 0.05) at any step.

From Information Gap State (Row 1): If the system lacks narrative data, a mandatory "Narrative Medicine" digital
intake triggers. This yields a massive 60% recovery rate back to integration (P1o= 0.60). The risk of direct failure is
squeezed down to just 2% (P14= 0.02).

From Narrative Dissonance State (Row 2): 1f a family-clinician conflict occurs, a mandatory "clinical pause" is
enforced. This resolves the conflict back to integration in 70% of cases (P2o= 0.70), with only a 2% leak to direct
failure (P24= 0.02).
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5.4. Solving System Equations
Step 1. The transition matrix is petitioned into Q (Transient Matrix) and R (Absorbing States) matrices.
Transient Matrix Q:
0.85 0.05 0.05
Q= 0.60 0.20 0.10
0.70 0.05 0.15

Transition to Absorbing States (R):
0.05 0.00
R= 0.08 0.02
0.08 0.02
Computing N= [[-Q]"! which ig the inverse of the matrix [I-Q], we obtain the expected number of times (steps), the
system visits each transient state before absorption.
15.79 1.05 1.05
N= 13.57 2.16 1.05
13.80 0.99 2.11
System Throughput Insight: If a patient enters the system in State 0, they will spend a highly resilient average of 11.58
steps in safe integration, and about 1 step in an information gap or dissonance before exiting. Each step here could
represent a shift in a day when the patient spends in the hospital ward for treatment or changing the clinics or a revisit
to the physician.
Step 2: Compute the Final Absorption Probabilities (B=N x R)
Long-run probability of the patient exiting via Complete Success versus System Failure is calculated as by B=N x R,
which results in following:

15.79 1.05 1.05 0.05 0.00 0.9575 0.0420 bos  bos
B= 13.57 2.16 1.05 |x|0.08 0.02 | =| 0.9353 0.0642 = biz b
13.80 0.99 2.11 0.08 0.02 0.9380 0.0620 by b

In Markov chain theory, Matrix B is known as the Absorption Probability Matrix (or the ultimate occupancy
probability matrix). While the fundamental matrix N tells us zow long a patient will spend in the system, Matrix B
tells us where the patient will ultimately end up. Mathematically, it represents the long-run probability that a patient
starting in any given transient state (row) will eventually be absorbed by a specific absorbing state (column).

5.5. Deconstructing the Matrix B Structure
For our engineered hospital model, Matrix B is a matrix 3 x 2. It included state 3 (Complete Success) and state 4
(System Failure). Each row represents the patient's starting point in the care journey, and each column represents their
final, irreversible destination. Sum of the cells in each row of matrix B is 1.00 representing the total possibility of
ending up in a complete success or complete failure absorbing states depending on from which of the three transient
states (0, 1, or 2) the patient starts with. They will end up in either state 3 or 4 with the probabilities in the related
cells. bistbis =1.00 for i=0, 1, or 2. Because State 3 (Success/Safe Discharge) and State 4 (Failure/Medical Error) are
the only two absorbing states in this closed system, every single patient must eventually exit through one of these two
doors. There is no third option. Therefore, the probability of ending up in either Success or Failure must equal 100%.
Real-World Translation of Our Solved B Matrix: Let’s look at the exact values we calculated for our highly reliable,
system-engineered hospital.

0.9575  0.0425

B= 0.9353  0.0647

0.9380  0.0620
Here is what these probabilities tell a healthcare systems engineer about the clinical process:
Row 0: Starting in Coherent Integration (State 0. boz = 95.75% and bos = 4.25%. This means that if the admission
process successfully aligns the patient's personal narrative with their clinical data right from the start, that patient has
a 95.75% chance of a safe, successful discharge and only a 4.25% chance of experiencing critical system failure. This
is our gold-standard safety target.
Row 1: Starting in an Information Gap (State 1): b1z =93.53% and bi4 = 6.47%. This means that if a patient is admitted
during a busy shift and their personal narrative is temporarily missing (e.g., no family history, unrecorded outside
medications), their risk of a medical error increase by more than 50% (jumping from 4.25% to 6.47%).
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Row 2: Starting in Narrative Dissonance (State 2): baz = 93.80% and bas = 6.20%. This means that if a patient's self-
reported symptoms actively conflict with their lab results, they face a 6.20% chance of experiencing a system failure;
an incorrect diagnosis and unsuccessful treatment.

5.6. The Power of Matrix B in Decision-Making

In traditional clinical medicine, quality is often assessed retrospectively (e.g., "What was our mortality rate last
month?"). In systems engineering, Matrix B acts as a predictive, proactive quality tool. 1t allows hospital
administrators to:

1. Calculate Risk Exposure Immediately upon Admission: The moment a patient is admitted, the system can
assess their starting state. If they are flagged as "State 1" (no primary caregiver present, high communication
barrier), the system knows their inherent risk of failure is 6.47%.

2. Justify Resource Allocation: If an administrator wants to know if they should hire a "Narrative Care
Coordinator" to resolve patient-doctor conflicts (State 2), Matrix B provides the exact mathematical
justification. By moving a patient from State 2 back to State 0, the probability of success structurally increases
from 93.80% to 95.75%, directly preventing a calculated number of medical errors.

To find the exact number of steps needed to transition between individual transient states and ultimately reach the
absorbing states, we use two separate but related matrices from Markov chain theory. The Fundamental Matrix N
gives the expected number of steps spent in each individual stage before final absorption. The Time-to-Absorption
Vector (t) gives the total accumulated steps required to hit any final absorbing state. We can extract these exact step
counts from our highly reliable, system-engineered hospital model.

1. Number of Steps Spent Within Each Transient Stage (Matrix N):
The elements n;; of our solved Fundamental Matrix N represent the average number of steps (shifts or days) a patient
spends in state j, given that they started their journey in state i. Operational interpretation of inter-stage steps are as
follows:
If a patient starts in Coherent Integration (Row 0): They will spend an average of 15.79 steps safely
integrated in State 0. Even though they started out safe, due to operational disruptions (like shift handoffs),
they will drop down and spend an average of 1.05 steps in an Information Gap (State 1) and 1.05 steps in
Narrative Dissonance (State 2) before they finally exit the system.
If a patient starts in an Information Gap (Row 1): Because the system is engineered to recover, they will
quickly transition out of the gap, but they will still accumulate an average of 2.16 steps stuck in State 1. Once
the system recovers their narrative, they will spend a massive 13.57 steps safely in State 0.

2. Total Steps Required to Reach Final Absorption (Vector t):
To find the total number of clinical steps a patient takes from their admission state until they finally cross the finish
line-either Complete Success (State 3) or System Failure (State 4), we calculate the row sums of N:
1579 +1.05+1.05=17.89
13.57+2.16 +1.05=16.78
13.80 +0.99 +2.11 =16.90
Converting Steps to Real-World Hospital Time: Assuming our previous operational cadence where 1 step =
1 shift = 8 hours (3 steps per day):
Starting in Coherent Integration (State (): Total steps to absorption = 17.89 shifts (5.96 days)
Starting in an Information Gap (State 1): Total steps to absorption = 16.78 shifts (5.59 days)
Starting in Narrative Dissonance (State 2): Total steps to absorption = 16.90 shifts (5.63 days)

3. Key Systems Engineering Insights from the Step Data:

Looking at these step counts reveals a fascinating, counterintuitive property of highly reliable systems:
Integrated Patients Stay Longer: Patients who start in State 0 spend more total time in the hospital (17.89
steps) than patients who start in a compromised state like State 1 (16.78 steps). Why? Because when a system
is fully integrated, it eliminates the rapid, premature exits to failure (pos = 0). The system takes its time to
treat the patient thoroughly and safely, meaning the patient stays long enough to get well.

Compromised Patients Exit Faster: Patients starting in State 1 or State 2 have shorter total stays (16.8 steps).

This occurs because these states suffer from direct "leaks" to failure (p14=0.02, p24= 0.02). A portion of these
patients exit the system prematurely due to a critical medical error, which skews the average total step count
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downward. By analyzing the number of steps spent in each stage, a systems engineer can perfectly balance a
hospital’s quality targets (keeping patients safely in State 0) with its capacity targets (predicting bed
occupancy and throughput times).

6. Conclusion

This paper has presented a novel sociotechnical framework that structures healthcare quality through a systems
engineering lens, specifically integrating qualitative narrative context with quantitative stochastic modeling. By
mapping patient journeys using an expanded five-state Markov chain—encompassing Coherent Integration,
Information Gap, Narrative Dissonance, and competing absorbing states of Complete Success and System Failure—
we have demonstrated that patient safety and operational throughput are emergent properties of system design rather
than individual clinical compliance. Central to this framework is the operationalization of Narrative Medicine and
Narrative Competence. Rather than viewing a patient's story as extraneous "noise," narrative medicine redefines the
patient's perspective as a vital, high-entropy data input that contains critical diagnostic clues and values. Cultivating
narrative competence ensures that the clinical system develops the baseline capacity to absorb, interpret, and actively
process these unstructured stories, transforming them into structured, actionable clinical states without stripping away
essential human empathy. The mathematical calibration and subsequent evaluation of the fundamental matrix N and
absorption matrix B yield three critical insights for healthcare systems engineering:

The Vulnerable Dynamics of Clinical Handoffs: Information loss at systemic interfaces inherently degrades care from
a state of Coherent Integration to an Information Gap or Narrative Dissonance. When narrative competence is absent,
the system struggles to bridge the inherent information asymmetry between the physician and the patient, creating a
severe operational imbalance. Without engineered interventions, this systemic decay significantly increases clinical
risk, inflating the ultimate probability of system failure. Implementing robust digital handoff tools acts as a structural
filter to mitigate this context decay and preserve narrative data integrity across institutional boundaries.

The Efficiency of Stochastic Recovery Pathways: While single-state holding times follow a geometric distribution
capturing local stasis versus state leakage, the global entries of the fundamental matrix N reveal a broader throughput
reality. Highly resilient workflows do not require error-free human execution; instead, they require high self-loop
stabilities (poo) in safe states and robust recovery pathways (pio, p20) that rapidly pull clinicians out of data-narrative
mismatches via mandatory clinical pauses or automated intake triggers.

The Rationalization of Quality Costs: By quantifying the exact number of operational steps and ultimate absorption
probabilities, this model provides administrators with a predictive tool to financially and operationally justify systemic
interventions. Rather than relying on retrospective clinical audits, decision-makers can utilize matrix B calculations
to measure real-time risk exposure upon admission and strategically allocate human resources, such as hiring Narrative
Care Coordinators to directly prevent calculated medical errors, bridging the gap between mechanical efficiency and
humanistic empathy. Ultimately, shifting the healthcare paradigm from a closed, purely biomedical view to an open,
system-engineered architecture proves that real healthcare quality cannot simply be inspected into a process through
late-stage error analysis. Instead, it must be designed into the system from the ground up. By embedding narrative
competence at the foundational level of system architecture, healthcare organizations can mitigate systemic variability,
reduce information asymmetry, and create a highly reliable clinical environment where it is easy for clinicians to do
the right thing and structurally difficult to do the wrong thing. Future research should focus on extending this discrete
Markovian framework into Semi-Markov Processes to capture time-dependent risks and cumulative narrative debt
across complex, multi-day patient pathways.

One of the issues that should be further incorporated into healthcare quality and the model presented above is narrative
medicine. Educating healthcare providers in literature, specifically patient stories, illness narratives, and novels, plays
a critical role in enhancing healthcare quality. In the context of the socio-technical framework of this paper, this
education directly functions as a systemic intervention that fundamentally alters the statistical behavior and transition
probabilities of the patient care pathway. Human variability and information asymmetry are identified as primary
drivers of clinical errors. Training clinicians in the medical humanities addresses these exact systemic failure modes
by cultivating Narrative Competence.

Enhancing the "Input Processor" (Data Capture): Novels and patient stories train clinicians in close reading and
structural text analysis. When applied clinically, this skill allows providers to read a patient's unstructured, "high-
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entropy" spoken story more effectively. They learn to notice non-linear timelines, metaphors for pain, and omitted
details, significantly improving the system's ability to extract the true clinical "signal" from the narrative "noise".

Mitigating Cognitive Bias and Reducing Dissonance: Exposure to diverse literary perspectives breaks down rigid
clinical assumptions. When a patient's story conflicts with lab reports, a narratively trained clinician is less likely to
defensively dismiss the patient. Instead, they possess the interpretive capacity to understand why the dissonance exists,
preventing a premature lapse into an information gap or an escalation to system failure.

Bridging Information Asymmetry: Literature fosters deep empathy and a "sensitive state of mind". This shifts the
physician-patient dynamic from an unbalanced, purely technical transactional exchange toward a collaborative, shared
decision-making process.

Incorporating Literary Education into the Markov Model: In systems engineering, an educational or training program
is treated as a system parameters optimization tool. By introducing literary education, we can modify the underlying
mechanics of the state-space model in two distinct ways:

A. Quantifying the Shift in Transition Probabilities (P): If this paper's baseline model represents a traditional, purely
biomedical hospital, introducing mandatory narrative/literary education directly changes the transition probabilities
by strengthening the recovery pathways and tightening the leaks to failure.

e [Increasing Recovery Probabilities (pi9 and p»g): Clinicians trained in literature are significantly faster at
recognizing when they are in an Information Gap (State 1) or Narrative Dissonance (State 2). Because they
know how to interpret stories, their probability of actively resolving these states back to Coherent Integration
(State 0) increases dramatically.

o Decreasing Direct Leaks to Failure (p;4 and p,4): Because narrative competence prevents the automatic
dismissal of subjective suffering when scans are clear, the dangerous "leaks" from a data-narrative conflict
directly into System Failure (State 4) are suppressed.

[ ]

B. Impact on the Fundamental Matrix N (Sojourn Times): By increasing the recovery rates (pio, p20) through education,
the fundamental matrix N will reflect that patients spend significantly fewer steps stuck in compromised transient
states (State 1 and State 2). The expected holding time within safe, fully integrated care (ng) expands, creating a much
more resilient buffer during the patient's average stay.

C. Impact on the Absorption Matrix B (Ultimate Outcomes): When you rerun the system equation B =N x R using
the post-education probability parameters, the long-run risk profile structurally shifts. The ultimate probability of
crossing the positive boundary into Complete Success (biz) will shift closer to the >95% target, while the ultimate
probability of crashing into System Failure (bi4) is compressed toward zero.

From a systems design perspective, educating healthcare providers via patient narratives and literature is not merely
an auxiliary cultural exercise; it is a structural intervention aimed at maximizing input fidelity. Within our proposed
Markov framework, literary education operates as a parameter optimization vector. By structurally embedding
narrative competence into provider training, the system increases its internal error-recovery capacity, mathematically
boosting the transition probabilities pio and p2o, while driving down the variance and direct failure leaks (p14, p24) that
characterize standard, un-optimized clinical workflows. This structurally shifts the ultimate occupancy matrix B
heavily toward safe, successful patient discharge.
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