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| ABSTRACT

Health information governance weaknesses can create operational risks in digital healthcare environments, including incomplete
documentation, duplicate patient records, weak access control, poor interoperability, absent audit trails, and delayed reporting.
These risks may affect data quality, information security, care continuity, accountability, reporting reliability, healthcare quality,
and community-level planning. This paper proposes an artificial intelligence rule-based information governance framework for
classifying such risks in health information management and health information systems. Using a scenario-based design-science
approach, the framework defines governance input variables, maps them to health information management and health
information system mechanisms, applies explicit IF-THEN rules, assigns risk classes, generates explanation traces, and produces
governance recommendations. The framework is demonstrated through six synthetic scenarios covering duplicate records,
unauthorized access, incomplete referral information, missing clinical documentation, weak audit trails, and delayed public
health reporting. The demonstration shows how governance weaknesses can be converted into structured inputs, interpretable
risk outputs, and corrective actions. The study does not claim empirical validation or deployment as a software system. Instead, it
specifies a structured design artifact that can support future simulation, expert validation, rule-engine implementation, and
empirical testing using real health information system data.
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1. Introduction

Health information management and health information systems are central to digital healthcare delivery. Clinical
documentation, patient identification, coding, referral management, reporting, quality monitoring, and public health planning
depend on data that are accurate, complete, secure, timely, interoperable, traceable, and usable. When these conditions are
weak, information problems can become operational risks, including fragmented records, delayed care, privacy exposure, poor
reporting, and unreliable planning (Ghaffari Heshajin et al., 2024; Oecd, 2015; World Health, 2021; World Health Organization
Regional Office for the Eastern, 2019).

Information governance provides the policies, standards, responsibilities, controls, and accountability mechanisms that regulate
how health information is created, accessed, shared, protected, audited, retained, and used(Ghaffari Heshajin et al., 2024; Oecd,
2015). In practice, governance links health information management functions with health information system controls, including
documentation quality, patient identity management, data quality monitoring, access control, authentication, authorization, audit
logs, interoperability, and secure information exchange (Ghaffari Heshajin et al., 2024; National Institute of & Technology, 2024;
Torab-Miandoab et al., 2023). The value of a health information system therefore depends not only on technical functionality,
but also on whether governance rules are translated into reliable operational controls.
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Healthcare information environments continue to face governance weaknesses such as incomplete documentation, duplicate
records, unclear data ownership, weak access control, absent audit trails, poor interoperability, and delayed reporting. These
weaknesses may reduce clinical reliability, weaken continuity of care, compromise privacy, limit accountability, and reduce the
usefulness of data for quality improvement and community health planning (Kahn et al., 2016; Lewis et al., 2023; Syed et al.,
2023; Torab-Miandoab et al., 2023; Weiskopf & Weng, 2013). Data quality is central to this problem because electronic health
records are commonly assessed through completeness, correctness, plausibility, currency, consistency, validity, uniqueness, and
fitness for use (Kahn et al.,, 2016; Weiskopf & Weng, 2013).

Rule-based artificial intelligence offers a practical way to formalize governance logic. Unlike black-box predictive models, rule-
based artificial intelligence represents knowledge through explicit IF-THEN rules, making it suitable for risk classification and
explanation traces(Forgy, 1982; Swartout, 1985). This approach fits health information governance because many governance
problems are not prediction problems; they are rule-compliance, risk-classification, traceability, and control problems. Rule-
based approaches have also been applied to electronic health record data quality assessment, supporting their relevance to
health information governance contexts (Wang et al., 2020).

Although prior studies address health information governance, data quality, information security, interoperability, scenario-based
analysis, and design-science research, these areas are often treated separately. Less attention has been given to an integrated
information-systems framework that connects governance conditions to health information management and health information
system mechanisms, rule-based risk classification, explanation traces, governance recommendations, and healthcare quality or
community health implications (Hevner et al., 2004; Peffers et al., 2014; Reeder & Turner, 2011; Vollmar et al.,, 2015; Wieringa,
2014).

This paper proposes a scenario-supported artificial intelligence rule-based framework for health information governance risk
classification in health information systems. The framework maps selected governance conditions to health information
management and health information system mechanisms, classifies them into risk categories, and demonstrates the logic
through six synthetic scenarios: duplicate records, unauthorized access, incomplete referral information, incomplete clinical
documentation, weak audit trails, and delayed public health reporting. The study is positioned as a design artifact that specifies
rule-based governance logic for future simulation, rule-engine implementation, expert validation, and empirical testing.

The paper makes three contributions. First, it integrates health information governance, health information management, health
information systems, healthcare quality, and community health planning into a single rule-based risk classification framework.
Second, it introduces an explainable rule-based artificial intelligence layer that converts governance weaknesses into IF-THEN
classifications with explanation traces and recommendations. Third, it demonstrates the framework through structured synthetic
scenarios, preparing it for future computational implementation and validation.

The remainder of the paper is organized as follows. Section 2 reviews the literature. Section 3 explains the methodology. Section
4 presents the proposed framework. Section 5 presents the results and findings through synthetic scenario demonstration.
Section 6 discusses implications, limitations, and future validation. Section 7 concludes the paper.

2. Literature Review

2.1 Information Governance, Data Quality, and Health Information System Reliability

Health information management defines how health information should be documented, coded, protected, corrected, retained,
and used, while health information systems provide the digital infrastructure for these functions. Information governance
connects both domains through policies, standards, responsibilities, controls, and accountability mechanisms for managing
health information across its lifecycle (Ghaffari Heshajin et al., 2024; Oecd, 2015; World Health, 2021; World Health Organization
Regional Office for the Eastern, 2019).

Health information system reliability depends not only on technical functionality, but also on whether governance rules are
embedded in operational controls. Documentation standards, data ownership, access rights, validation rules, audit logs,
interoperability mechanisms, and reporting procedures determine whether health data are accurate, complete, secure, traceable,
and fit for use (Ghaffari Heshajin et al., 2024; National Institute of & Technology, 2024; Oecd, 2015; Torab-Miandoab et al.,, 2023).
Electronic health record data quality is commonly assessed through completeness, correctness, plausibility, currency, consistency,
validity, uniqueness, accessibility, and fitness for use (Kahn et al.,, 2016; Lewis et al., 2023; Syed et al.,, 2023; Weiskopf & Weng,
2013). These dimensions directly affect clinical decision-making, patient identification, referral coordination, reporting, quality
monitoring, and community health planning.

2.2 Security, Access Control, Auditability, and Interoperability

Security, privacy, access control, auditability, and interoperability are central governance mechanisms in health information
systems. Healthcare organizations manage sensitive personal and clinical data, making authentication, authorization, access
monitoring, and audit logging essential controls. Role-based access control assigns permissions according to organizational
roles, while attribute-based access control allows decisions to consider user, resource, action, and contextual attributes (Hu et al,,
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2014; Sandhu et al.,, 1996). Audit trails strengthen accountability by recording who accessed or modified data, when the action
occurred, and what was changed (Ghaffari Heshajin et al., 2024; National Institute of & Technology, 2024; Oecd, 2015).
Interoperability is also governance-dependent. Standards such as Fast Healthcare Interoperability Resources support structured
health data exchange, but reliable interoperability also requires rules for data quality, patient identity, consent, access rights,
sharing agreements, auditability, and accountability (International, 2019; Torab-Miandoab et al., 2023). Without such governance,
connected systems may still exchange incomplete, delayed, poorly coded, or untrusted information. Data quality, access control,
auditability, and interoperability therefore represent key mechanisms through which governance affects health information
system reliability, healthcare service quality, and community-level planning.

2.3 Rule-Based Artificial Intelligence and Scenario-Based Governance Logic

Rule-based artificial intelligence represents knowledge through explicit IF-THEN rules. Unlike black-box predictive models, it is
suitable when the problem involves governance logic, compliance checking, risk classification, explanation, and recommended
action rather than statistical prediction (Swartout, 1985; Wang et al., 2020). Rule engines match facts against rule conditions; the
Rete algorithm is a classic example of efficient many-rule and many-fact pattern matching (Forgy, 1982).

This logic fits health information governance because many governance requirements are rule-oriented. Access should match
role or context, documentation should meet completeness requirements, audit trails should exist, referral data should include
required fields, reports should be timely, and patient records should be unique. Such requirements can be formalized as rules
that classify data quality, privacy, continuity-of-care, accountability, or reporting risks. Scenario-based analysis and design-
science research provide a suitable methodological basis for developing such an artifact before full implementation or empirical
validation(Hevner et al., 2004; Peffers et al., 2014; Reeder & Turner, 2011; Vollmar et al., 2015; Wieringa, 2014).

2.3 Research Gap

Prior literature provides foundations for health information governance, data quality, access control, interoperability, rule-based
systems, scenario-based analysis, and design-science research. However, these areas are usually treated separately. Three gaps
remain. First, limited work integrates governance conditions, health information management functions, health information
system controls, and healthcare or community implications into one governance-to-risk logic. Second, rule-based artificial
intelligence remains underused as an explainable mechanism for classifying information governance risks. Third, early-stage
framework development still needs structured methods that can operate before access to real institutional data or system
implementation.

To address these gaps, this paper proposes an artificial intelligence rule-based information governance framework for health
information management and health information systems. The framework represents governance weaknesses as structured rule
inputs and translates them into interpretable risk classifications, explanation traces, and governance recommendations.

3. Methodology

3.7 Research Design

This study adopts a scenario-based design-science approach supported by rule-based artificial intelligence logic. The purpose is
to develop an information-systems artifact that translates selected health information governance conditions into risk
classifications, explanation traces, and governance recommendations. The study is design-oriented rather than empirical; it does
not test statistical associations, estimate causal effects, or validate the framework using real hospital data (Hevner et al., 2004;
Peffers et al., 2014; Reeder & Turner, 2011; Vollmar et al., 2015; Wieringa, 2014).

The framework was developed in five steps: identifying governance dimensions from the literature, translating them into
operational health information management and health information system variables, constructing synthetic governance
scenarios, developing IF-THEN rules, and interpreting the outputs as plausible healthcare quality and community health
implications. This approach is appropriate because many information governance requirements are rule-oriented, including
documentation completeness, access control, authentication, auditability, interoperability, data quality monitoring, and reporting
timeliness (Buchanan & Shortliffe, 1984; Ghaffari Heshajin et al., 2024; Hu et al., 2014; National Institute of & Technology, 2024;
Oecd, 2015; Sandhu et al., 1996; Wang et al., 2020).

3.2 Governance Variables and Operationalization

The framework draws on literature in health information governance, data quality, cybersecurity governance, access control,
interoperability, rule-based systems, scenario-based analysis, and design-science research (Forgy, 1982; Ghaffari Heshajin et al,,
2024; Hu et al., 2014; National Institute of & Technology, 2024; Oecd, 2015; Sandhu et al., 1996; Torab-Miandoab et al., 2023;
Wang et al., 2020; Weiskopf & Weng, 2013). The selected dimensions represent recurring risks in health information
management and health information system environments and were operationalized as rule-readable variables.
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Table 1. Governance dimensions and operational variables

Governance Dimension

Operational Variable

Value Set

Data ownership

Ownership clarity

Clear / Partial / Unclear

Documentation completeness

Completeness level

High / Moderate / Low

Data accuracy

Accuracy level

High / Moderate / Low

Patient identity management

Duplicate record status

Absent / Possible / Present

Access control

Access control strength

Strong / Moderate / Weak

Authentication

Authentication strength

Strong / Moderate / Weak

Authorization

Role alignment

Appropriate / Partial / Inappropriate

Auditability

Audit trail status

Complete / Partial / Absent

Interoperability

Interoperability level

Strong / Moderate / Weak

Reporting timeliness

Timeliness level

High / Moderate / Low

Data quality monitoring

Monitoring status

Active / Partial / Absent

Accountability

Correction responsibility

Defined / Partial / Undefined

These variables form the input space of the rule-based framework and allow governance weaknesses to be represented as
structured conditions rather than narrative descriptions.

3.3 Rule-Based Classification Logic
The framework uses IF-THEN logic to classify governance risks. Each rule links governance and health information management /
health information system conditions to a risk class, explanation trace, and governance recommendation:

IF governance condition A is present
AND HIM/HIS condition B is present

THEN risk classification = X
AND explanation trace = Y

AND governance recommendation = Z.

Each input condition is assigned a severity score: 0 for controlled conditions, 1 for partial or moderate weaknesses, and 2 for
severe weaknesses. For example, clear ownership, high completeness, strong access control, complete audit trails, high reporting
timeliness, active monitoring, and defined correction responsibility score 0. Partial, moderate, or possible conditions score 1.
Unclear ownership, low completeness, weak access control, absent audit trails, low reporting timeliness, absent monitoring,

undefined correction responsibility, or present duplicate records score 2.

Table 2. Risk scoring and classification scheme

Total Risk , ,
Risk Class Interpretation
Score
0-2 Low Governance condition is acceptable or controlled.
3-5 Moderate Weakness exists but is limited or partially controlled.
6-8 High Weakness may affect data quality, security, continuity, or reporting
9 reliability.
29 or . . . - .
o o Weakness may seriously compromise privacy, accountability, patient
critical Critical . .
. safety, or community health planning.
trigger

A critical trigger is applied when a severe governance weakness directly affects privacy, patient safety, accountability, or public
health response, such as absent audit trails with unauthorized access risk or missing allergy information in medication-related
decisions. The scoring scheme is illustrative rather than empirically calibrated; it is used to make the rule logic explicit and

reproducible for future simulation, expert validation, or rule-engine implementation.

3.4 Scenario Construction and Output Interpretation
Six synthetic scenarios were constructed to demonstrate the framework. They were selected because they represent common
governance weaknesses across data quality, security, interoperability, auditability, and reporting.
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Table 3. Scenario set used for framework demonstration

Scenario Governance Issue HIM/HIS Problem Main Risk Class
S1 Weak data ownership Duplicate patient records Record integrity risk
S2 Weak access control Unauthorized data access Privacy and security risk
S3 Poor interoperability Incomplete referral data Continuity-of-care risk
S4 dcizs:)nrzstlzifon Missing clinical information Clinical decrlizlli)n-support
S5 Weak audit trail No traceability of data changes Accountability risk
S6 Delayed reporting Late public health data aggregation Community planning risk

Each scenario produces four outputs: risk classification, explanation trace, governance recommendation, and plausible healthcare
quality or community health implication. The scenarios are synthetic, not empirical cases; they are used to demonstrate how the
proposed rule logic represents plausible governance conditions consistently (Reeder & Turner, 2011; Vollmar et al., 2015).

3.5 Methodological Boundaries and Ethics

This study does not use patient-level data, hospital operational data, surveys, interviews, expert panels, institutional case studies,
or system logs. No identifiable health information is collected, processed, analyzed, or reported. Therefore, the study does not
involve direct human-subject research.

The framework is not presented as a deployed artificial intelligence system. It is an early-stage design artifact that specifies
governance variables, rule logic, risk classes, explanation traces, and recommendations. Future work should validate the model
through expert review, simulation, prototype rule-engine implementation, and empirical testing using real health information
system data (Hevner et al., 2004; Peffers et al., 2014; Wieringa, 2014). Any future implementation should comply with relevant
ethical, legal, institutional, privacy, and cybersecurity requirements (National Institute of & Technology, 2024).

4. Proposed Al Rule-Based Information Governance Framework

4.1 Framework Architecture

The proposed framework is a rule-based information-systems artifact for classifying health information governance risks. It
translates selected governance conditions into risk outputs, explanation traces, and governance recommendations. The
framework is not designed as a predictive machine-learning model; its purpose is to formalize governance logic in a transparent
and auditable structure (Buchanan & Shortliffe, 1984; Forgy, 1982; Hevner et al., 2004; Peffers et al., 2014; Wang et al., 2020).
The framework consists of five connected layers. The first layer represents information governance conditions, including policies,
responsibilities, standards, and accountability mechanisms related to data ownership, access, documentation, auditability,
interoperability, and reporting. The second layer represents health information management mechanisms, including
documentation quality, coding accuracy, patient identity management, record completeness, correction workflow, and data
quality monitoring. The third layer represents health information system controls, including authentication, authorization, role-
based or attribute-based access permissions, audit logs, validation rules, interoperability functions, reporting systems, and secure
exchange mechanisms. The fourth layer represents rule-based artificial intelligence logic, where IF-THEN rules classify
governance risks and generate explanation traces. The fifth layer represents outcome and recommendation outputs, including
risk classes, governance recommendations, and plausible implications for healthcare quality and community health planning.
The core logic of the framework is:

Governance condition — HIM/HIS mechanism — Triggered rule — Risk classification — Explanation trace — Governance
recommendation

This sequence makes the framework traceable because each output can be linked to the governance condition and health
information management or health information system mechanism that triggered it.
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Figure 1. Layered architecture of the proposed Al rule-based information governance framework

4.2 Input Variables and Risk Logic

The framework uses the operational variables and scoring scheme defined in Section 3. These variables include ownership clarity,
documentation completeness, data accuracy, duplicate record status, access control strength, authentication strength, role
alignment, audit trail status, interoperability level, reporting timeliness, data quality monitoring, and correction responsibility.
Within the framework, these variables function as rule-readable inputs. For example, access control = weak, audit trail =
absent, or interoperability = weak can trigger one or more rule-based classifications. The purpose is not to estimate statistical
risk, but to represent governance weaknesses in a structured and reproducible form.

4.3 Rule Structure

Each rule follows a consistent structure:
IF governance condition A is present
AND HIM/HIS condition B is present
THEN risk classification = X

AND explanation trace = Y

AND governance recommendation = Z.

For example:

IF access control = weak

AND audit trail = absent

THEN privacy and accountability risk = critical

AND explanation = unauthorized access cannot be reliably detected or traced

AND recommendation = implement role-based access control and audit-log monitoring.

The rules are grouped into five categories: data quality and record integrity, security and privacy, interoperability and continuity,
auditability and accountability, and reporting and community planning. This categorization aligns the rule base with the main
governance pathways through which health information systems may affect healthcare quality and community-level planning.

4.4 Rule Base

Table 4 presents the proposed rule base. The rules are not empirically calibrated; they are a structured design artifact intended
for future validation, simulation, or implementation.

Table 4. Proposed rule base for health information governance risk classification

Rul - . .
luDe Category Rule Condition Risk Output Governance Recommendation
. IF | = low AND D lity risk = Apply validati I
R Data quality completeness = low ata que.:\ ity ris pply va |dat.|on ru.es and data
accuracy = low high quality review.
. IF completeness = low AND Decision-support risk Enforce mandatory clinical
R2 D I o . . L
ata quality clinical dependency = high = high documentation fields.
. IF accuracy = low AND data Information reliability Activate data quality monitoring
R3 Data quality . o . . .
quality monitoring = absent risk = high and correction workflow.
Record IF dup_llcate_ records = present Record integrity risk = Strengthen patient |der1t|ty
R4 . . AND identity management = . management and duplicate
integrity high .
weak detection.
R5 Record IF duplicate records = present | Continuity-of-care risk Consolidate records and assign
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integrity AND clinical history is = high stewardship responsibility.
fragmented
. IF ownershp clarity = un.clle.ar Data stewardship risk | Define data owner and correction
R6 Ownership AND correction responsibility . .
) = high authority.
= undefined
R7 Security IF access co'ntrclal = weak AND Security risk = high Strengthen authentication and
authentication = weak access control.
IF role ali = . .
. . role a 'gnment . Unauthorized access Enforce role-based or attribute-
R8 Security inappropriate AND sensitive . .
risk = high based access control.
data access = broad
IF unauthorized access is . . .
R9 Privacy possible AND audit trail = Prlvac:y/accoghtablllty Implement aud!t qus and access
risk = critical monitoring.
absent
. IF access review = absent Confidentiality risk = Conduct periodic access privilege
R10 Privacy . . . .
AND privileges are excessive high review.
IF audit trail = absent AND Traceability risk =
R11 Auditability record modification is critic}all N Enable complete audit logging.
possible
IF audit trail = partial AND Investigation support Improve log completeness and
R12 Auditability incident investigation is 9 PP P 9 'p
. = weak retention.
required
. IF interoperability = weak Continuity-of-care risk | Standardize referral exchange and
R13 Interoperability AND referral data = . . )
. = high required fields.
incomplete
. I¥ exchar]g.e delay = high Service delay risk = Improve HIE workflow and referral
R14 Interoperability | AND specialist care depends .
high data transfer.
on referral data
- IF data standardization = Semantic consistency Adopt standardized data
R15 Interoperability | weak AND systems exchange . .
risk = high exchange formats.
data
IF reporting timeliness = low . . . .
R16 Reporting AND population data Commumty Plannlng Automate reporting and monitor
risk = high completeness.
completeness = low
. IF disease trend dat? - Public health response Define reporting deadlines and
R17 Reporting delayed AND planning . i .
. risk = critical escalation rules.
requires current data
IF data quality monitoring = Reporting reliabilit Implement data qualit
R18 Monitoring absent AND reporting porting re ¥ P q y
risk = high dashboard.
depends on aggregated data
-, IF accuracy = high AND _ — o s
R19 Positive access control = strong AND Governance support = | Maintain monltorlng and periodic
governance o strong review.
audit trail = complete
R20 Positive IF interoperability = strong Continuity support = Maintain exchange standards and
interoperability | AND referral data = complete strong workflow monitoring.

This rule base specifies rule categories, trigger conditions, risk outputs, and governance recommendations. It also prepares the
framework for future implementation as a rule engine or governance dashboard.

4.5 Explanation Trace
The framework generates an explanation trace for each classification. The trace links the input condition to the triggered rule,
risk class, explanation, and recommended governance action:
Input condition — Triggered rule — Risk class — Explanation — Governance recommendation

For example:

Input: access control = weak; audit trail = absent
Triggered rule: R9
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Risk class: critical privacy/accountability risk
Explanation: unauthorized access cannot be reliably detected or traced
Recommendation: implement audit logs and access monitoring.

This traceability is important because health information governance requires decisions that are transparent, auditable, and
defensible. It also distinguishes the framework from a general conceptual model because the reasoning path is explicit and can
be reviewed, tested, refined, or implemented computationally.

Governance Inputs

Triggered IF-THEN Rules |—»

Risk Classification

v

f

HIM/HIS Variables

Rule Matching

v J"
Explanation Trace

Governance
Recomendation

Future
Validation/Implementation

Figure 2. Rule-based inference flow for governance risk classification

4.6 Governance-to-Outcome Mapping
The framework links governance conditions to operational health information management and health information system
mechanisms and outcome implications. Table 5 summarizes this mapping.

Table 5. Governance-to-outcome mapping

completeness

and record review

increases decision
risk.

Healthcare Community
Governance . Rule-Based Risk .
. . HIM/HIS Mechanism . Quality Health
Dimension Interpretation . ..
Implication Implication
. Weak ownershi Delayed .
. Data stewardship and . wner |.p y Reduced trust in
Data ownership . Increases correction correction of . s
correction workflow . service reliability
risk. errors
. . . Low completeness . .
Documentation Clinical documentation P Poor clinical Weak service

decision-making

planning data

Validation rules and

Low accuracy

Incorrect or

Weak planning

management

master patient index

increase integrity risk.

Data accuracy data quality monitorin increases information delaved decisions based on
quaity 9 reliability risk. y unreliable data
Patient identity Duplicate detection and Duplicate records Fragmented care Distorted

and repeated tests

population data

Access control

RBAC/ABAC permissions

Weak access control

Confidentiality risk

Lower public

Auditability

traceability

increase
accountability risk.

increases privacy risk. confidence
Authentication User verification and Weak authentication | Unauthorized data Reduced trust in
/authorization privilege management | increases security risk. use digital health
Absent audit trails o
System logs and Weak incident Reduced

investigation

institutional trust

Interoperability

Health information
exchange

Poor interoperability
increases continuity
risk.

Referral delay and
fragmented care

Delayed access to
coordinated
services

Low reporting

Reporting Reporting systems and - Weak quality Poor local health
L . timeliness reduces o .
timeliness data aggregation o monitoring planning
monitoring support.
. Weak sharing Unsafe or Reduced trust in
Data sharing Secure exchange and . . .
governance increases incomplete data-driven
governance consent rules . . .
misuse risk. exchange services

4.7 Framework Operation

The framework operates in five steps. First, the governance condition is identified. Second, the affected health information
management or health information system mechanism is mapped. Third, the relevant IF-THEN rule is triggered. Fourth, the risk is
classified according to the scheme defined in Section 3. Fifth, the framework generates an explanation trace and governance

recommendation.
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This operation converts health information governance from a broad managerial concept into a structured rule-based
classification model. It specifies how governance weaknesses can be represented as inputs, processed through explicit rules, and
translated into interpretable outputs. The framework is therefore suitable for future testing through simulation, expert validation,
prototype rule-engine implementation, or empirical evaluation using real health information system data (Hevner et al., 2004;
Peffers et al., 2014; Wieringa, 2014).

4.8 Section Summary

This section presented the proposed Al rule-based information governance framework. The framework consists of governance
inputs, health information management and health information system mechanisms, IF-THEN rules, risk classifications,
explanation traces, and governance recommendations. Its main contribution is to formalize health information governance as a
transparent rule-based risk classification model. The next section demonstrates the framework using synthetic governance
scenarios.

5. Results/Findings: Framework Demonstration Using Synthetic Governance Scenarios

5.1 Demonstration Design

This section demonstrates the proposed artificial intelligence rule-based information governance framework using six synthetic
governance scenarios. The purpose is to show how governance weaknesses can be represented as structured inputs, processed
through IF-THEN rules, classified into risk categories, and linked to explanation traces and governance recommendations.

The scenarios are not empirical cases. They are synthetic cases designed to demonstrate the internal logic of the framework
before future simulation, validation, or implementation. The six scenarios were selected because they represent common
governance risks in health information management and health information systems: weak data ownership, weak access control,
poor interoperability, incomplete documentation, weak audit trails, and delayed public health reporting (Ghaffari Heshajin et al.,
2024; National Institute of & Technology, 2024; Oecd, 2015; Reeder & Turner, 2011; Torab-Miandoab et al., 2023; Vollmar et al.,
2015).

5.2 Scenario Input Matrix

Table 6 presents the scenario input matrix used to demonstrate the framework. The table is presented in a transposed format to
improve readability in A4 portrait layout. Each column represents one scenario, and each row represents a governance or health
information management / health information system input variable used to trigger rule-based classification.

Table 6. Scenario input matrix

. S1.: S2: . $3: $4: Missing S5: Weak s6:
Variable Duplicate | Unauthorized | Incomplete S . . Delayed
documentation audit trail .
records access referral reporting
Owhershlp Unclear Partial Clear Clear Partial Clear
clarity
Data .
Moderate High Low Low Moderate Low
completeness
Access control | Moderate Weak Strong Strong Moderate Strong
Authentication | Moderate Weak Strong Strong Moderate Strong
Audit trail Partial Partial Complete Complete Absent Partial
Interoperability | Moderate Moderate Weak Moderate Moderate Moderate
Repo.rtmg Moderate Moderate Moderate Moderate Moderate Low
timeliness
L Record . . - . - Community
Main triggered | . . Privacy/security | Continuity- Decision- Accountability .
. integrity . - . . planning
risk rick risk of-care risk support risk risk risk

Note. The table reports the operational input values assigned to each synthetic scenario. The transposed format is used to
improve readability in A4 portrait layout while preserving the same scenario-level information. Each column represents one
scenario, and each row represents a governance or health information management / health information system input variable
used to trigger rule-based classification. The matrix converts narrative scenarios into rule-readable inputs. This improves
reproducibility and prepares the framework for later rule-engine implementation.
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5.3 Scenario-Specific Trigger Variables
Some rule outputs require additional trigger variables beyond the core input matrix. Table 7 specifies these scenario-specific
conditions so that each classification is traceable to explicit inputs.

Table 7. Scenario-specific trigger variables

Scenario Scenario-Specific Trigger Variables Main Triggered Rule Logic
S1: Duplicate Duplicate records = present; identity management = | Weak ownership + duplicate records +
records weak; correction responsibility = undefined weak identity management
52 . Role alignment = inappropriate; access review = Weak access control + weak
Unauthorized -, - o
access absent; sensitive data access = broad authentication + role misalignment
S3: Incomplete Referral data = incomplete; exchange delay = high; Weak interoperability + incomplete
referral specialist care depends on referral data referral data
S4: Missing Clinical dependency = high; allergy information = Low completeness + high clinical
documentation missing; mandatory fields = weak dependency
S5: Weak audit | Record modification = possible; user activity logging | Absent audit trail + untraceable record
trail = absent; incident investigation required = yes modification
S6: Delayed Population data completeness = low; disease trend Low reporting timeliness + incomplete
reporting data = delayed; local planning requires current data population health data

This table makes the demonstration more transparent because each output can be traced to a defined condition or combination

of conditions.

5.4 Rule-Based Scenario Outputs
Table 8 summarizes the triggered rule outputs, rule IDs, classification bases, risk classes, explanation traces, and governance

recommendations for each scenario.

Table 8. Scenario output matrix

Scenario Triggered Rule Classification Risk Class Explanation Governance
Rule Output ID(s) Basis Trace Recommendation
Unclear
. High-risk owne.rship‘+ Assign da.ta
S1: Duplicate Record > . weak identity steward; activate
. N R4, R6 combination; no High . .
records integrity risk o . management + | duplicate detection;
critical trigger . .
duplicate consolidate records
records
Weak access Enforce
S2: . . High-risk control + weak RBAC/ABAC;
. P R7, RS, . . e
Unauthorized rlvaqr/i/sskecunty R108 combination; no High authentication + strengthen
access critical trigger role authentication;
misalignment review privileges
High-risk Weak Standardize referral
S3: Incomplete | Continuity-of- R13, interoperability and High interoperability exchange; require
referral care risk R14 referral-data 9 + incomplete mandatory referral
weakness referral data fields
- . . L
Critical trigger if ow
- completeness +
- Clinical allergy data are . . Enforce mandatory
S4: Missing L P . . high clinical . .
X decision- R2 missing in High/Critical fields; activate
documentation . S dependency;
support risk medication-related e completeness alerts
. critical if allergy
decisions o
data are missing
Critical trlgger:_ Absent audit trail Implement audit
. - R9, absent audit trail . .
S5: Weak audit | Accountability . . . + untraceable logging; monitor
. . R11, with untraceable High/Critical . .
trail risk record high-risk access and
R12 access or e L
e modification modification events
modification
S6: Delayed Community R16, High-risk reporting High Low reporting Automate reporting;
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reporting planning risk R17, weakness; critical timeliness + monitor
R18 only if time- incomplete completeness;
sensitive public population escalate delays
health response is health data
required

The output matrix shows that the framework classifies different governance weaknesses using a consistent logic. Each output is
traceable from input condition to triggered rule, rule ID, classification basis, risk class, explanation, and recommendation.

5.5 Scenario Risk Profile

To summarize the scenario outputs visually, Figure 3 presents a risk-profile heatmap across five governance risk categories: data
quality, security/privacy, interoperability, auditability, and reporting/community planning.

The heatmap uses a four-level scale: 1 = low, 2 = moderate, 3 = high, and 4 = critical.

S1 Duplicate Records

82 Unauthorized Access

S3 Incomplete Referral

Scenario
Risk level

S4 Missing Documentation

S5 Weak Audit Trail

S$6 Delayed Reporting

Data Quality Security/Privacy Interoperability Auditability Reporting/Community
Risk Category

Figure 3. Scenario risk profile across governance risk categories. Values represent conceptual rule-based risk
classifications: 1 = low, 2 = moderate, 3 = high, and 4 = critical.

Table 9. Risk-profile values used for Figure 3

Scenario Q?’::;y /s::",::‘; Interoperability | Auditability /g:; :ﬁ:?ty
S1: Duplicate records 4 2 2 2 3
S2: Unauthorized access 2 4 2 3 3
S3: Incomplete referral 3 2 4 2 3
S4: Missing documentation 4 2 2 2 3
S5: Weak audit trail 3 3 2 4 3
S6: Delayed reporting 3 2 2 2 4

These values are conceptual risk classifications derived from the framework logic. They are not statistically estimated risk scores.
5.6 Interpretation of Demonstration Results

The demonstration shows that information governance weaknesses can be represented as structured inputs and classified
through explicit rule logic. Weak data ownership primarily produces record-integrity risk. Weak access control produces privacy
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and security risk. Poor interoperability produces continuity-of-care risk. Incomplete documentation produces decision-support
and patient-safety risk. Weak auditability produces accountability risk. Delayed reporting produces community-planning risk.
The results also show that health information management and health information system mechanisms are interdependent.
Health information management defines documentation quality, patient identity management, record completeness, and data
stewardship, while health information systems implement these requirements through validation rules, access controls, audit
logs, interoperability mechanisms, and reporting systems. The rule-based layer links both domains by converting governance
conditions into interpretable risk classifications.

The demonstration should be interpreted as a structured demonstration of framework logic, not as empirical validation. It shows
that the framework can organize governance weaknesses, classify risks, generate explanation traces, and suggest governance
actions. Future work should test the rule base using expert validation, simulation, prototype implementation, or real health
information system data (Hevner et al., 2004; Peffers et al., 2014; Wieringa, 2014).

5.7 Section Summary

This section demonstrated the proposed framework using six synthetic governance scenarios. The demonstration converted
governance weaknesses into structured input variables, scenario-specific triggers, rule IDs, risk classifications, explanation traces,
and governance recommendations. By replacing narrative scenarios with input-output matrices and a risk-profile visualization,
the section shows the framework’s practical logic more directly and prepares it for future simulation, validation, and
computational implementation.

6. Discussion

6.1 Principal Contribution

This study developed a scenario-based artificial intelligence rule-based framework for classifying health information governance
risks in health information management and health information systems. Its main contribution is the formalization of governance
logic into structured inputs, IF-THEN rules, risk classifications, explanation traces, and governance recommendations.

The framework addresses a practical gap in health information systems research. Governance weaknesses such as duplicate
records, weak access control, incomplete documentation, absent audit trails, poor interoperability, and delayed reporting are
often treated as administrative or quality-management problems. This study reframes them as rule-classifiable information-
system risks by connecting governance conditions to health information management mechanisms, health information system
controls, risk outputs, and plausible healthcare quality or community health implications.

The scenario demonstration also strengthens the methodological contribution. Rather than using scenarios as narrative
examples, the study treats them as structured synthetic cases with input variables, scenario-specific triggers, rule outputs, risk
classes, explanation traces, and recommendations. This makes the framework more suitable for future simulation, rule-engine
implementation, expert validation, and empirical testing.

6.2 Implications for Health Information Management and Health Information System Governance

The framework reinforces the role of health information management as a governance function rather than a purely
administrative record-management activity. Documentation quality, coding accuracy, patient identity management, data
correction, privacy control, retention, and data quality monitoring are operational points where governance becomes visible.
When these functions are weak, information risks emerge: incomplete documentation weakens decision support, unclear
ownership contributes to duplicate records, and poor correction workflows allow inaccurate information to persist (Ghaffari
Heshajin et al., 2024; Kahn et al,, 2016; Lewis et al., 2023; Syed et al., 2023; Weiskopf & Weng, 2013).

For health information system design, the framework shows that governance should be embedded into system controls. Access
control, authentication, authorization, audit logging, validation rules, duplicate record detection, interoperability functions, and
reporting workflows are not only technical features; they are mechanisms for enforcing governance requirements (Ghaffari
Heshajin et al., 2024; Hu et al., 2014; International, 2019; National Institute of & Technology, 2024; Oecd, 2015; Sandhu et al.,
1996). The rule-based artificial intelligence layer provides a practical way to represent these controls. Weak access control
combined with absent audit trails can trigger privacy and accountability risk; weak interoperability combined with incomplete
referral data can trigger continuity-of-care risk; and duplicate records combined with weak patient identity management can
trigger record-integrity risk. These outputs are useful because they identify both the risk and the conditions that produced it.

6.3 Implications for Healthcare Quality and Community Planning
The framework conceptualizes healthcare quality as partly dependent on the reliability of the health information environment.
Safe, timely, efficient, and continuous care requires data that are complete, accurate, secure, traceable, and available when
needed (Institute of, 2001) (Institute of Medicine, 2001). The scenario demonstration shows plausible pathways through which
duplicate records, incomplete documentation, poor interoperability, weak audit trails, and delayed reporting may affect clinical
decisions, referral continuity, accountability, quality monitoring, and planning.
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These pathways suggest that healthcare quality improvement should include information governance controls as part of quality
infrastructure. Clinical protocols, staffing, workflow redesign, and patient experience initiatives may be limited if the underlying
data are incomplete, delayed, insecure, or poorly governed. Data quality monitoring, access governance, auditability,
interoperability, and reporting reliability should therefore be treated as quality-enabling mechanisms, not merely technical or
compliance concerns (Ghaffari Heshajin et al., 2024; Kahn et al., 2016; Lewis et al., 2023; Syed et al., 2023).

At the community level, the framework makes a narrower claim. It does not argue that information governance directly improves
community health. Rather, it argues that governance improves the data conditions needed for community health planning,
surveillance, prevention, reporting, and resource allocation (World Health, 2021; World Health Organization Regional Office for
the Eastern, 2019). In this sense, governance functions as an enabling infrastructure for community health improvement.

6.4 Value of Rule-Based Artificial Intelligence for Governance Risk Classification

The value of rule-based artificial intelligence in this study lies in explainability. Many healthcare artificial intelligence applications
focus on prediction, diagnosis, or analytics and depend on large datasets and model training. By contrast, the problem
addressed here is governance classification. Governance requirements are naturally rule-based: access should match role or
context, documentation should meet completeness requirements, audit trails should exist, referral data should include required
fields, and reports should be submitted on time.

A rule-based structure makes governance reasoning explicit. It can show which condition triggered a risk classification, why the
risk level was assigned, and what governance action is recommended. This is important in health information governance, where
privacy, accountability, auditability, and defensibility are central requirements (Buchanan & Shortliffe, 1984; Forgy, 1982; Wang et
al., 2020). The framework should not be interpreted as a deployed artificial intelligence system; it is a design artifact that specifies
logic for future rule-engine implementation.

6.5 Limitations and Future Validation

This study has clear limitations. It does not use patient-level data, hospital operational data, surveys, interviews, expert panels,
institutional case studies, or system logs. The scenarios are synthetic and do not measure the frequency, severity, or
organizational impact of governance weaknesses. The rule base is not yet implemented in a software prototype or evaluated in a
rule engine, and the risk scores are illustrative rather than empirically calibrated.

Future research should expand and formally specify the rule base, including thresholds, rule priorities, and conflict-resolution
logic. The framework should also be implemented as a prototype rule engine or governance dashboard and tested through
simulation, expert validation, and empirical case studies using real health information system data, audit logs, data quality
reports, incident reports, and governance documents (Hevner et al., 2004; Peffers et al., 2014; Wieringa, 2014).

7. Conclusion

This paper proposed an artificial intelligence rule-based information governance framework for health information management
and health information systems. The framework formalizes common governance weaknesses, including incomplete
documentation, duplicate records, weak access control, poor interoperability, absent audit trails, and delayed reporting, as
operational risks affecting data quality, security, care continuity, accountability, reporting reliability, and community planning. Its
main contribution is a rule-based risk classification model that maps governance conditions to health information management
and health information system mechanisms, applies IF-THEN rules, assigns risk classes, generates explanation traces, and
produces governance recommendations. This structure makes governance logic transparent, auditable, and suitable for future
rule-engine or dashboard implementation.

The synthetic scenarios demonstrated how the framework classifies six risks: record integrity, privacy and security, continuity of
care, decision support, accountability, and community planning. They show how governance weaknesses can be converted into
structured inputs, interpretable outputs, and corrective actions.

The study remains conceptual. It does not use real hospital data, has not yet been empirically validated, and the rule base has
not yet been implemented. Future work should expand the rule base, define rule priorities, implement a prototype dashboard,
and test the framework using simulated and real health information system data. Overall, the framework provides an explainable
foundation for developing more accountable, secure, interoperable, and quality-oriented health information systems.
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