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SCIENTIFIC LECTURE MANUAL
ER Modeling Protocol for Healthcare Systems

A Step-by-Step Logical Derivation Protocol for Relational Database Design

Course Name: Intelligent health administration systems_Practical (Week 2)
Protocol Name: ER Modeling Protocol

Target Audience: Intelligent Medical Systems Undergraduate Students
Instructor / Author: Dr. Labeed Al-Saad

Core Pedagogical Directive:

An Entity-Relationship (ER) diagram must never be drawn immediately or intuitively. In intelligent
healthcare administration engineering, the conceptual database schema must be derived logically from
explicit system requirements, administrative user roles, and real-world healthcare workflows. This
protocol provides undergraduate students in Intelligent Medical Systems with a repeatable 14-step
reasoning framework across four core phases.

1. Executive Overview & Scientific Rationale

In modern healthcare administration systems, data integrity, operational continuity, and secure record-
keeping depend entirely on sound conceptual database architecture. Drawing ER diagrams without
systematic derivation frequently leads to structural redundancy, missing relationships, improper
normalization, and unhandled business rules.

The ER Modeling Protocol establishes a structured, step-by-step engineering sequence that translates
informal healthcare domain requirements into a verified conceptual ER diagram using Crow's Foot
notation. By systematically moving from domain boundary definition to process mapping, candidate
extraction, identifier assignment, cardinality determination, and query validation, students ensure that
the underlying database directly supports all administrative, clinical, and reporting functionalities of an
Intelligent Health Care Management System.
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2. Phase A: Domain Understanding Before Conceptual
Modeling

Prior to identifying entities or drafting diagrammatic symbols, the database architect must thoroughly
analyze the target healthcare organization's operational boundaries, human and automated actors, and
core operational processes.

Step 1 — Define System Scope and Boundaries

Core Objective: Logical Question: What administrative functions will this system support?

To avoid scope creep and ensure focus on core database requirements, the system boundary must be
explicitly delineated by defining included capabilities, excluded domain aspects, and the baseline
Minimum Viable System (MVS) target for Week 13.

e What is Included: patient registration, appointment scheduling, electronic prescription writing, patient
billing, staff management, and administrative reporting.

e  What is Excluded: direct clinical diagnosis algorithms, real-time laboratory equipment hardware control,
and external insurance claim adjudication workflows.

e  Minimum Viable System (MVS): A baseline database model capable of tracking patient profiles, doctor
assignments, consultation appointments, prescriptions, and financial billing.

Canonical Scope Statement Output: “The system manages patients, doctors, nurses, appointments,

prescriptions, billing, and administrative reporting.”

Step 2 — Identify Actors and Roles
Core Objective: Logical Question: Who interacts with the system, and what does each need to do?

Identify all human and system actors interacting with the database, detailing their explicit administrative
and operational responsibilities.

Actor Role System Responsibilities & Permissions

Admin Manage system users, view system-wide operational reports, and configure
system parameters.

Doctor View assigned appointments, write electronic prescriptions, and record
consultation clinical notes.

Nurse Record patient physiological vitals and update inpatient/outpatient status.

Patient Book consultation appointments, view issued prescriptions, and access personal
billing statements.

Pharmacist View valid electronic prescriptions and dispense prescribed medications.
Receptionist Register new patient profiles, schedule appointments, and generate initial
patient bills.
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Step 3 — Map Core Business Processes

Core Objective: Logical Question: What real-world processes must the database remember?
Trace all critical administrative workflows that generate data that must persist in the relational store.

e 1. Patient Registration: Capture personal demographic details, contact info, and initial medical history.

e 2. Appointment Booking & Cancellation: Reserve doctor availability, assign consultation time slots, and
manage cancellations.

e 3. Consultation & Vitals Recording: Record physical vital signs prior to physician evaluation.

e 4. Prescription Writing & Dispensing: Authorize medication prescriptions during evaluation and manage
pharmaceutical dispensing.

e 5 Bill Generation & Payment: Calculate line-item charges for appointments and process payment
transactions.

e 6. Audit Logging & Reporting: Maintain system access histories, record modifications, and export
executive analytics.

Example Process Narrative: “A patient books an appointment with a doctor. The appointment may

result in a prescription and a bill.”

3. Phase B: Extraction and Classification of Data Requirements

Step 4 — Extract Candidate Nouns from Requirements

Core Objective: Logical Question: What nouns keep appearing in the process descriptions?

Perform grammatical analysis on all collected requirements, user stories, and process descriptions by
underlining and extracting candidate nouns.

Extracted Candidate Nouns List: patient, doctor, nurse, appointment, prescription, medication, bill,
payment, department, room, user, role, audit log.

Step 5 — Classify Candidate Nouns

Core Objective: Logical Question: Is this candidate noun an independent object, a descriptor, an
association, or a value set?

Apply rigorous classification decision rules to evaluate each candidate noun, categorizing it as an Entity,
Attribute, Relationship, Value/Lookup, or Associative Entity.

Classification Decision Test Criteria Healthcare Domain

Example

Entity Has its own independent identity and exists Patient, Doctor, Appointment
autonomously in the domain.

Attribute Describes a specific property of an entity; has no patient_name, date_of_birth
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independent identity.

Relationship Represents an association or interaction connecting two  Patient books Appointment
or more entities.

Value / Lookup A static, controlled reference list used to constrain gender, appointment_status
attribute values.

Associative Entity Resolves a many-to-many (M:N) relationship and carries  Prescription_ltem
its own intersection attributes.

Step 6 — Define Primary Identifiers for Each Entity
Core Objective: Logical Question: What uniquely identifies one instance of this entity?

Select robust, stable primary keys (PK) for every confirmed entity type, evaluating whether a natural key
exists or a surrogate key is required.

e Existence Independence: Can the entity exist independently without relying on another parent entity?
o Key Selection Rules: Determine if a natural key (e.g., license_number) is stable, or if an artificial
surrogate key (e.g., patient_id) should be generated.

o Identifier Stability: Primary identifiers must never change over time or permit null values.

Entity Type Assigned Primary Key (PK)

Patient patient_id
Doctor doctor_id
Appointment appointment_id
Prescription prescription_id
Bill bill_id

4. Phase C: Determine Relationships, Cardinality, and
Structural Resolution

Step 7 — Identify Relationships Using Verb Phrases
Core Objective: Logical Question: How do entities interact in each business process?

Analyze all process descriptions to form explicit Subject—Verb—Object structural assertions connecting
entity pairs.

e Relationship 1: A Patient books an Appointment.
e Relationship 2: A Doctor attends an Appointment.
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e Relationship 3: An Appointment generates a Bill.

o Relationship 4: A Doctor writes a Prescription.

e Relationship 5: A Prescription contains Medication.
e Relationship 6: A Doctor works in a Department.

Step 8 — Determine Cardinality and Participation

Core Objective: Logical Question: For one instance of A, how many instances of B can exist? Is
participation mandatory or optional?

Establish maximum structural ratios (1:1, 1:N, M:N) and minimum participation constraints (Mandatory
vs. Optional).

e 1:N Cardinality Derivation: One patient can have many appointments. One appointment belongs to
exactly one patient - 1:N ratio.

e 1:N Doctor Assignment: One doctor can conduct many appointments. One appointment is attended by
one doctor - 1:N ratio.

e 1:1 Billing Link: One appointment generates one bill. One bill is associated with one appointment - 1:1
ratio.

e M:N Pharmaceutical Association: One prescription can contain multiple medications. One medication
can appear in multiple prescriptions - M:N ratio.

e Participation Constraints: An appointment cannot exist without a patient (Mandatory). However, a
registered patient can exist prior to booking an appointment (Optional).

Relationship Pair Cardinality Ratio Participation Constraints

Patient — Appointment 1:N Patient optional, Appointment mandatory
Doctor — Appointment 1:N Doctor optional, Appointment mandatory
Appointment - Bill 1:1 Appointment optional, Bill mandatory

Step 9 — Resolve Many-to-Many (M:N) Relationships

Core Objective: Logical Question: Where do M:N relationships appear, and what associative entity
should replace them?

Eliminate direct M:N relationships from the relational model by introducing an associative entity
carrying foreign keys (FK) and intersection attributes.

Structural Transformation Rule (M:N Resolution):

Direct Many-to-Many (M:N) relationships cannot be implemented directly in relational database tables
without severe data redundancy. Every M:N relationship must be resolved by introducing an Associative
Entity connected to both parent entities via two 1:N relationships.
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o Identified M:N Relationship: Prescription M:N Medication

e Introduced Associative Entity: Prescription_Item

e Intersection Attributes: prescription_id (FK), medication_id (FK), dosage, duration, instructions.

e  Primary Key Specification: Composite key (prescription_id, medication_id) or a dedicated surrogate
primary key.

5. Phase D: Refine, Normalize, and Validate the Conceptual ER
Model

Step 10 — Identify Weak Entities and Dependent Relationships
Core Objective: Logical Question: Does any entity depend on another for its identity?
Pinpoint existence-dependent weak entities that rely on a parent entity's primary key for identification.

Healthcare Instance: A Prescription_ltem cannot exist without a parent Prescription entity. It represents
a weak entity bound by an identifying relationship to Prescription.

Step 11 — Assign Attributes to the Correct Entity or Relationship

Core Objective: Logical Question: Where does this fact belong?

Systematically map extracted descriptive attributes to their native entities, eliminating repeating groups
and redundant placements.

Assigned Attributes & Identifiers

Patient patient_id (PK), name, dob, gender, blood_type, contact, address

Doctor doctor_id (PK), name, specialization, license_number, department_id (FK)
Appointment appointment_id (PK), patient_id (FK), doctor_id (FK), datetime, status, notes

Bill bill_id (PK), patient_id (FK), appointment_id (FK), amount, status, payment_date

Step 12 — Apply Conceptual Normalization
Core Objective: Logical Question: Is each fact stored exactly once?

Verify that the conceptual entities adhere to normal form guidelines to guarantee zero data
redundancy.

e  First Normal Form (1NF): Ensure all attributes contain atomic values and eliminate multi-valued
repeating groups.

e Second Normal Form (2NF): Confirm that every non-key attribute is fully functionally dependent on the
entire primary key (eliminating partial key dependencies on composite keys).

Dr. Labeed Al-Saad Page 6



Intelligent Health Administration Systems_Practical | Scientific Lecture Protocol

o Third Normal Form (3NF): Eliminate transitive dependencies where a non-key attribute determines
another non-key attribute (e.g., replace raw department text strings with department_id foreign keys).

Step 13 — Validate the ER Against Use Cases and Queries
Core Objective: Logical Question: Can the model answer the questions the system must answer?

Stress-test the derived ER diagram against a suite of core operational and administrative queries to
ensure data navigability.

e Query 1: List all scheduled appointments for a given patient profile (Navigated via
Appointment.patient_id).

e Query 2: Find all physicians assigned to a specific department (Navigated via Doctor.department_id).

e Query 3: Show all prescriptions authored by a given physician (Navigated via Prescription.doctor_id).

e Query 4: Calculate total monthly revenue generated from paid invoices (Navigated via Bill.amount and
Bill.status).

e Query 5: Track which system user modified a patient record and at what timestamp (Navigated via
Audit_Log.user_id).

Step 14 — Document Assumptions and Finalize Deliverables

Core Objective: Logical Question: What assumptions were made, and how should they be recorded?
Compile complete technical documentation accompanying the final Crow's Foot ER diagram.

e ER Diagram Representation: Rendered conceptual diagram utilizing standardized Crow's Foot notation.

e Data Dictionary: Exhaustive table specifying Entity, Attribute Name, Data Type, Keys (PK/FK), and
Constraints.

e Assumption Log: Formal recording of business assumptions (e.g., 'A patient may have multiple
appointments,' 'A bill is generated per appointment').

e Version Control Protocol: Commit conceptual ER models, scripts, and documentation files to a GitHub
repository.

6. Worked Mini-Example: From Process to ER Model

To solidify student understanding, this section presents a end-to-end derivation of a core healthcare
process narrative into its fully realized logical ER schema structure.

Target Process Narrative:

“A patient books an appointment with a doctor. The doctor may issue a prescription. A bill is generated
for the appointment.”
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Step-by-Step Logical Derivation Sequence

e 1. Candidate Nouns Extraction: patient, appointment, doctor, prescription, bill.

e 2. Confirmed Entities: Patient, Doctor, Appointment, Prescription, Bill.

e 3. Identified Relationships: Patient (1:N) Appointment, Doctor (1:N) Appointment, Appointment (1:1)
Bill, Appointment (1:N) Prescription, Doctor (1:N) Prescription.

e 4. M:N Resolution: If prescriptions contain multiple medications, introduce Medication entity and
resolve via Prescription_Iltem associative entity.

Logical Schema Definition (Keys & Attributes)

Patient Patient (patient_id [PK], name, dob, contact)

Doctor Doctor (doctor_id [PK], name, specialization, department_id [FK])

Appointment Appointment (appointment_id [PK], patient_id [FK], doctor_id [FK], datetime, status)
Prescription Prescription (prescription_id [PK], appointment_id [FK], doctor_id [FK], issue_date)
Bill Bill (bill_id [PK], appointment_id [FK], amount, status, payment_date)

Validation Checks for Worked Example:

e Check A: Can we list all appointments for a patient? Yes, navigated via Appointment.patient_id.
e Check B: Can we find all prescriptions written by a doctor? Yes, navigated via Prescription.doctor_id.

e Check C: Can we calculate total revenue? Yes, navigated via Bill.amount filtered by Bill.status.

7. Common Pitfalls and Mitigation Strategies in Healthcare ER
Design

During practical lab sessions, undergraduate students frequently encounter recurring modeling errors.
The following pitfall matrix details the exact corrective engineering approaches required.

Common Modeling Pitfall Corrective Protocol Approach

Treating Appointment as an attribute of Make Appointment an independent entity because it possesses its own
Patient identity, lifecycle, and distinct attributes.
Forgetting M:N relationship resolution Always create an associative entity (e.g., Prescription_Item) to convert

M:N associations into two 1:N relationships.

Using unstable natural keys that may Prefer synthetic surrogate keys (e.g., patient_id, doctor_id) over volatile
change natural attributes like license numbers.

Mixing attributes and independent entities Evaluate existence independence by asking: 'Does this item exist
autonomously outside its parent?'
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Skipping use case validation queries Test the conceptual ER model against actual operational SQL queries
before finalizing schema design.

Ignoring participation constraints Explicitly mark optional vs. mandatory relationship bounds (e.g.,
optional Patient vs. mandatory Appointment link).

8. Instructor's Guiding Protocol Summary

For Week 2 practical lab execution, students must follow this strict 14-step sequential protocol:

1. Scope Definition - 2. Actor Identification - 3. Process Mapping - 4. Candidate Noun Extraction - 5.
Classification > 6. Primary Keys - 7. Relationships - 8. Cardinality Matrix - 9. M:N Resolution - 10. Weak
Entities - 11. Attribute Assignment - 12. Conceptual Normalization - 13. Query Validation - 14.
Documentation & Version Control

Dr. Labeed Al-Saad Page 9



