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 Childhood immunization is essential for preventing vaccine-preventable 

diseases, yet immunization decisions in primary healthcare are often affected by 

false contraindications, inconsistent guideline interpretation, and dynamic 
clinical conditions. This study developed and evaluated an Explainable Clinical 

Decision Support System (X-CDSS) that integrates rule-based reasoning, 
dynamic clinical variables, and explainable rule traceability to provide 

transparent, guideline-compliant immunization recommendations. A Research 
and Development (R&D) approach with iterative prototyping was employed. 

Knowledge from the Indonesian national immunization guideline, scientific 

literature, field observations, and healthcare professionals was formalized into 
35 IF–THEN production rules implemented using a forward-chaining inference 

mechanism in a web-based application. The system was evaluated through 
functional testing, clinical validation using 40 representative scenarios, 

performance evaluation, and User Acceptance Testing involving seven 
healthcare professionals. The proposed system achieved an accuracy of 92.5%, 

precision of 96.6%, recall of 93.3%, an F1-score of 94.9%, and a Cohen's Kappa 

coefficient of 0.81, with an overall usability score of 4.3/5.0. These findings 
demonstrate that the proposed X-CDSS provides reliable, transparent, and 

clinically accountable decision support for routine childhood immunization in 
primary healthcare. 
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Introduction 

Childhood immunization is one of the most effective public health interventions for preventing vaccine-

preventable diseases and reducing child mortality. According to the World Health Organization (WHO), 

immunization prevents approximately 3.5–5 million deaths annually from diseases such as measles, diphtheria, 

tetanus, pertussis, and influenza (World Health Organization, 2024). In addition to protecting individual health, 

immunization strengthens herd immunity, reduces healthcare expenditure, and supports sustainable public 

health development (Andrade-Guerrero et al., 2023). Therefore, achieving timely and complete childhood 

immunization remains a global public health priority. 
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In Indonesia, childhood immunization is regulated under the Ministry of Health Regulation No. 12 of 2017 

concerning Immunization Administration (Kementerian Kesehatan Republik Indonesia, 2017). Although 

immunization coverage has improved, healthcare professionals continue to face challenges in determining 

vaccination eligibility under varying clinical conditions. Decisions frequently involve multiple factors, including 

child age, immunization history, fever, upper respiratory tract infection (URTI), nutritional status, allergy 

history, delayed immunization schedules, and vaccine availability. Inconsistent interpretation of these 

conditions often leads to false contraindications and unnecessary vaccination postponement despite the absence 

of absolute contraindications (Huynh et al., 2022). These delays may reduce immunization coverage and 

increase the risk of vaccine-preventable disease outbreaks (Fitrian et al., 2025). 

Healthcare Information Systems (HIS) and Clinical Decision Support Systems (CDSS) have increasingly 

been adopted to improve consistency in clinical decision-making (Salem et al., 2021). Among various Artificial 

Intelligence (AI) approaches, rule-based expert systems are particularly suitable for guideline-driven healthcare 

because they explicitly represent expert knowledge using IF–THEN production rules, enabling transparent and 

auditable reasoning (Arrieta et al., 2020). Moreover, rule-based systems provide explainable recommendations 

that support accountability and regulatory compliance without requiring large annotated datasets (Bharati et al., 

2023). 

Previous studies have applied intelligent decision-support systems across various healthcare domains. 

Forward-chaining has been successfully implemented for childhood disease diagnosis (Yanto et al., 2017), while 

the Dempster–Shafer method has been applied to mental disorder diagnosis (Mayatopani et al., 2022). Decision-

support interventions have also been shown to improve childhood vaccination uptake (Shegog et al., 2023). 

More recently, explainable artificial intelligence has received increasing attention because of its ability to 

improve transparency in healthcare decision support (Prentzas et al., 2023). Explainable AI has also been 

reported to increase users' confidence in AI-assisted clinical recommendations (Nasarian et al., 2023). 

Furthermore, a systematic review highlighted the growing adoption of expert systems and machine-learning 

techniques in healthcare practice (Salem et al., 2021). 

Despite these advances, important research gaps remain. Existing immunization decision-support systems 

generally focus on vaccination promotion or static eligibility assessment and rarely integrate multiple dynamic 

clinical conditions within a single reasoning mechanism. In addition, many systems emphasize recommendation 

accuracy while providing limited transparency regarding how recommendations are derived from clinical rules 

and national immunization guidelines (Prentzas et al., 2023). The absence of explainable reasoning and 

auditable rule traceability may reduce user trust and clinical accountability, thereby limiting implementation in 

primary healthcare settings (Gambetti et al., 2025). Moreover, no previous study has comprehensively translated 

the Indonesian Ministry of Health childhood immunization guideline into an explainable rule-based decision-

support framework capable of handling dynamic clinical conditions. 

To address these gaps, this study adopts a Design Science Research (DSR) approach combined with 

knowledge engineering to develop and evaluate an Explainable Clinical Decision Support System (X-CDSS). 

This design was selected because the study aims to develop and validate a decision-support artifact that improves 

consistency in immunization recommendations rather than testing a clinical hypothesis. The proposed system 

is intended to support healthcare professionals providing routine immunization services for children aged 0–5 

years in primary healthcare settings. System reliability and practical applicability are evaluated through 

functional testing, expert clinical validation, Cohen's Kappa agreement analysis, computational performance 

evaluation, and User Acceptance Testing (UAT). Detailed sampling procedures and sample size determination 

are presented in the Methods section. 

Accordingly, this study addresses the following research question: 

How can an explainable rule-based Clinical Decision Support System integrate multiple dynamic clinical 

conditions into childhood immunization recommendations while ensuring transparent reasoning, decision 

consistency, and compliance with the Indonesian national immunization guidelines? 

To answer this question, this study proposes an Explainable Clinical Decision Support System (X-CDSS) 

that integrates forward-chaining rule-based reasoning with dynamic clinical condition handling. The system 

incorporates child age, immunization history, fever status, URTI, nutritional status, allergy history, delayed 

immunization schedules, and vaccine availability into an inference mechanism derived from the Indonesian 

Ministry of Health immunization guidelines. In addition, an Explainable Rule Traceability mechanism enables 

healthcare professionals to review activated rules, inspect the reasoning process, and verify compliance with 

national clinical guidelines, thereby improving the transparency, reliability, and accountability of immunization 

decision support. 
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The scientific contributions of this study are threefold. First, it proposes a dynamic rule-based immunization 

decision model that integrates multiple real-world clinical conditions into a unified reasoning mechanism. 

Second, it introduces an Explainable Rule Traceability framework that enhances transparency, accountability, 

and user trust through auditable recommendations. Third, it provides a comprehensive evaluation framework 

consisting of functional testing, clinical validation, Cohen's Kappa agreement analysis, performance evaluation, 

and User Acceptance Testing involving healthcare professionals. Table 1 summarizes the research gap and 

scientific novelty of the proposed study. 

 

Method 

This study adopted a Design Science Research (DSR) approach integrated with knowledge engineering to 

design, develop, and evaluate an Explainable Clinical Decision Support System (X-CDSS) for childhood 

immunization recommendations. DSR was selected because the research objective was not merely to analyze 

an existing phenomenon but to develop and rigorously evaluate an innovative decision-support artifact capable 

of improving the consistency, transparency, and accountability of childhood immunization recommendations 

in primary healthcare settings. The methodology emphasizes iterative artifact development and evaluation 

through continuous refinement based on domain knowledge, expert feedback, and system performance 

assessment. The research process consisted of four sequential stages: (1) requirements analysis, (2) knowledge 

acquisition and rule formalization, (3) system development, and (4) system validation and performance 

evaluation, as illustrated in Figure 2. 

The requirements analysis stage aimed to identify functional and clinical requirements for the proposed 

system. Information was collected through a review of national immunization policies, scientific literature on 

clinical decision support systems, direct observation of childhood immunization services at Puskesmas Kuranji, 

and semi-structured interviews with healthcare professionals. The primary knowledge source was the Indonesian 

Ministry of Health Regulation No. 12 of 2017 concerning Immunization Administration, which defines routine 

childhood immunization schedules, contraindications, vaccination eligibility, and immunization procedures. 

Complementary knowledge was obtained from recent studies on clinical decision support systems and 

explainable artificial intelligence to ensure that the proposed system reflected both national clinical guidelines 

and current technological developments. 

Knowledge acquisition involved five healthcare professionals selected using purposive sampling based on 

their direct involvement in routine childhood immunization services. The participants consisted of two 

physicians, two midwives, and one immunization nurse with practical experience in vaccination decision-

making. Semi-structured interviews were conducted to identify common clinical scenarios, decision-making 

practices, and factors influencing immunization recommendations. Information obtained from interviews, 

observations, clinical guidelines, and scientific literature was compared and synthesized to establish a consistent 

knowledge base. When differences were identified between expert opinions and documentary sources, the final 

decision was determined according to the Indonesian Ministry of Health immunization guideline to ensure 

regulatory compliance. 

The acquired knowledge was subsequently transformed into a structured rule base through a rule 

formalization process. Clinical concepts extracted during knowledge acquisition were translated into IF–THEN 

production rules representing routine immunization decision-making in primary healthcare settings. The final 

knowledge base consisted of thirty-five production rules integrating multiple clinical variables, including child 

age, immunization history, fever status, upper respiratory tract infection (URTI), nutritional status, allergy 

history, delayed immunization schedules, and vaccine availability. Each rule was independently reviewed by 

the participating healthcare professionals to verify clinical correctness, logical consistency, and conformity with 

national immunization guidelines before being incorporated into the inference engine. 

The proposed X-CDSS was implemented as a web-based application using Laravel 12 with PHP 8.2 and 

MySQL 8.0. The system employed a three-tier software architecture comprising presentation, application, and 

data layers. The presentation layer provided interfaces for healthcare professionals and administrators to manage 

patient information and review immunization recommendations. The application layer implemented the 

forward-chaining inference engine, rule evaluation module, recommendation generator, and Explainable Rule 

Traceability mechanism. The data layer managed patient records, immunization schedules, vaccine availability, 

rule repositories, and recommendation histories. During system execution, clinical information entered by 

healthcare professionals was evaluated using forward-chaining reasoning to identify applicable production rules 

and generate immunization recommendations accompanied by transparent explanations describing activated 

rules and their corresponding provisions within the national immunization guideline. 
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System validation was conducted using a multi-stage evaluation framework to assess functional correctness, 

clinical reliability, and practical usability. Functional verification was first performed using black-box testing to 

ensure that all system functions operated according to predefined functional requirements, including user 

authentication, patient management, rule execution, recommendation generation, reporting, and database 

operations. Subsequently, clinical validation was performed using forty representative immunization scenarios 

reflecting common situations encountered in primary healthcare practice. The scenarios represented various 

combinations of child age, immunization history, fever status, upper respiratory tract infection, nutritional 

status, allergy history, delayed immunization schedules, and vaccine availability. For each scenario, 

recommendations generated by the proposed system were independently compared with recommendations 

provided by healthcare professionals. The validation focused on evaluating rule correctness, recommendation 

consistency, and compliance with the Indonesian Ministry of Health immunization guideline rather than 

estimating disease prevalence or diagnostic accuracy. The selected validation scenarios were designed to 

adequately represent the diversity of routine childhood immunization decision-making conditions addressed by 

the proposed knowledge base. 

Practical usability of the proposed system was assessed through User Acceptance Testing (UAT) involving 

seven healthcare professionals comprising physicians, midwives, and immunization nurses. Participants 

evaluated the system using a structured questionnaire based on a five-point Likert scale covering ease of learning, 

interface clarity, navigation efficiency, system responsiveness, recommendation accuracy, explainability, and 

overall usefulness. The number of participants was considered appropriate because usability evaluation 

primarily aims to identify practical strengths and weaknesses of interactive systems through representative end 

users rather than to estimate population parameters. 

Three evaluation instruments were employed throughout the study, consisting of a black-box functional 

testing checklist, a collection of representative clinical validation scenarios, and a structured User Acceptance 

Testing questionnaire. Prior to implementation, all evaluation instruments were reviewed by a medical 

informatics specialist together with senior healthcare professionals to establish content validity and ensure that 

each evaluation item appropriately represented the intended functional, clinical, and usability constructs. System 

performance was evaluated by comparing system-generated recommendations with expert clinical judgments 

using a confusion matrix. Classification performance was quantified using Accuracy, Precision, Recall, and F1-

score to evaluate the correctness of immunization recommendations. In addition, Cohen's Kappa coefficient 

was calculated to measure the level of agreement between the proposed system and healthcare professionals 

beyond chance alone. The inclusion of Cohen's Kappa provided a more rigorous assessment of clinical decision 

consistency because agreement statistics better reflect the reliability of clinical decision-support systems than 

classification accuracy alone. 

Quantitative data obtained from clinical validation and User Acceptance Testing were analyzed using 

descriptive statistical methods. Classification performance was summarized using Accuracy, Precision, Recall, 

F1-score, and Cohen's Kappa coefficient, whereas usability evaluation was summarized using mean scores for 

each assessment dimension based on the predefined five-point Likert scale interpretation. These analyses were 

conducted to comprehensively evaluate the functional reliability, clinical consistency, explainability, and 

practical usability of the proposed Explainable Clinical Decision Support System. This study involved healthcare 

professionals exclusively for knowledge elicitation, expert validation, and usability evaluation. No identifiable 

patient information or clinical records were collected during system development or evaluation because all 

validation activities employed representative simulated immunization scenarios derived from national clinical 

guidelines. Participation by healthcare professionals was voluntary, and all participants provided informed 

consent before interviews and evaluation activities were conducted. 

 

Results and Discussions 

This section presents the results obtained from the development, implementation, and evaluation of the proposed 

Explainable Clinical Decision Support System (X-CDSS) for childhood immunization recommendations. The 

results include the knowledge engineering process, system implementation, clinical validation, performance 

evaluation, and user acceptance assessment. 

Knowledge Engineering Results 

The knowledge engineering process successfully produced a structured knowledge base by integrating 

information obtained from the Indonesian Ministry of Health Regulation No. 12 of 2017, scientific literature, 

direct observations at Puskesmas Kuranji, and semi-structured interviews with five healthcare professionals 

consisting of two physicians, two midwives, and one immunization nurse. Information collected from these 
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sources was analyzed and transformed into a set of production rules representing routine childhood 

immunization decision-making. 

 The rule development process began with the identification of clinical decision variables extracted from 

regulatory documents and interview transcripts. Similar concepts obtained from different knowledge sources 

were consolidated into a unified representation. When differences occurred between expert opinions and 

practical observations, the Indonesian Ministry of Health immunization guideline was used as the primary 

reference to ensure regulatory compliance. Draft production rules were subsequently reviewed by all 

participating healthcare professionals, revised where necessary, and accepted after confirming their consistency 

with routine clinical practice and national immunization guidelines. 

The final knowledge base consisted of 35 IF–THEN production rules representing the most common 

immunization scenarios for children aged 0–5 years. The rules incorporated multiple clinical variables that 

influence vaccination decisions in primary healthcare settings. 

Table 1 <Dynamic Clinical Variables Used in the Knowledge Base> 

Variable Description 

Age Child age according to immunization schedule 

Immunization History Previous vaccination records 

Fever Status Normal, Mild Fever, High Fever 

URTI Presence of Upper Respiratory Tract Infection 

Nutritional Status Normal or Mild Malnutrition 

Allergy History Previous vaccine-related allergy 

Vaccination Delay Delayed immunization schedule 

  

Vaccine Availability Availability of required vaccine stock 

Table 2 <Sample Production Rules> 

Rule ID Rule Description 

R1 IF Age ≥ 2 Months AND Vaccine Available = Yes AND Fever 

= Mild THEN Administer DPT-HB-Hib Dose 1 

R2 IF High Fever = Yes THEN Delay Vaccination and Reassess 

Patient Condition 

R3 IF Immunization Schedule Delayed = Yes AND Vaccine 

Available = Yes THEN Recommend Catch-up Immunization 

Overall, the knowledge engineering process resulted in a structured rule base that integrates regulatory 

requirements and clinical decision variables into machine-readable production rules supporting childhood 

immunization recommendations. 

System Architecture and Explainable Rule Implementation 

The proposed Explainable Clinical Decision Support System (X-CDSS) was successfully implemented as a web-

based application using Laravel 12, PHP 8.2, and MySQL 8.0. The system employs a three-tier architecture 

comprising the Presentation Layer, Application Layer, and Data Layer. 
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Figure 1 <Architecture of the Proposed Explainable Clinical Decision Support System> 

During system execution, healthcare professionals enter patient information including age, immunization 

history, fever status, nutritional status, allergy history, upper respiratory tract infection, delayed immunization 

schedule, and vaccine availability. These data are processed by the Forward Chaining inference engine to 

evaluate the production rules stored in the knowledge base and generate immunization recommendations. An 

Explainable Rule Traceability module was incorporated to record every rule activated during the inference 

process. For each recommendation, the system displays the evaluated clinical variables, activated production 

rules, intermediate reasoning steps, and the final recommendation. 

 

Figure  2 <Example of Explainable Rule Traceability> 

The implementation demonstrates that the proposed system is capable of generating childhood 

immunization recommendations together with transparent reasoning based on predefined production rules. 

Clinical Validation Result 

Clinical validation was performed using 40 representative childhood immunization scenarios developed from 

routine clinical situations encountered in primary healthcare services. Each scenario represented different 

combinations of child age, immunization history, fever status, upper respiratory tract infection, nutritional 

status, allergy history, delayed immunization schedules, and vaccine availability. System-generated 

recommendations were independently compared with recommendations provided by healthcare professionals. 

 

 

https://jurnal.iicet.org/index.php/sajts/index


Lizar et al JRTI (Jurnal Riset Tindakan Indonesia) 

Vol. 11, No. 1, 2026, pp. 646-656 
   652 

 

Journal homepage: https://jrti.eloracenter.org/jrti 

 

Table 3 <Clinical Validation Results> 

Evaluation Metric Result 

Total Scenarios 40 

Correct Recommendations 37 

Incorrect Recommendations 3 

Agreement Rate 92,5% 

The proposed system correctly generated recommendations for 37 of the 40 validation scenarios, 

corresponding to an agreement rate of 92.5%. 

System Performance Results 

The performance of the proposed X-CDSS was evaluated by comparing system recommendations with expert 

clinical judgments. Classification performance was measured using Accuracy, Precision, Recall, F1-score, and 

Cohen's Kappa coefficient. 

Table 4 <Performance Evaluation Results> 

Evaluation Metrics Value 

Accuracy 92,5% 

Precision 96,6% 

Recall 93,3% 

F1-score 94,9% 

Cohen's Kappa 0,81 

The proposed system achieved an Accuracy of 92.5%, Precision of 96.6%, Recall of 93.3%, and an F1-score 

of 94.9%. The calculated Cohen's Kappa coefficient of 0.81 indicates a high level of agreement between system 

recommendations and expert judgments. 

User Acceptance Results 

User Acceptance Testing (UAT) was conducted involving seven healthcare professionals, including physicians, 

midwives, and immunization nurses. Participants evaluated the system using a five-point Likert scale covering 

ease of learning, interface clarity, navigation efficiency, response speed, recommendation accuracy, and overall 

usefulness. 

Table 5 <User Acceptance Testing Results> 

Evaluation Aspect Mean Score 

Ease of Learning 4.4 

Interface Clarity 4.3 

Navigation Efficiency 4.2 

Response Speed 4.3 

Recommendation Accuracy 4.5 

Overall Usefulness 4.3 

Overall Mean Score 4.3 / 5.0 

The highest score was obtained for recommendation accuracy (4.5), while the overall mean usability score 

was 4.3 out of 5.0, indicating positive user acceptance of the proposed system. 

The present study addressed the research question of how an explainable rule-based Clinical Decision 

Support System (X-CDSS) can integrate dynamic clinical conditions into childhood immunization 

recommendations while maintaining transparency, consistency, and compliance with the Indonesian national 

immunization guidelines. The findings demonstrate that the proposed framework successfully combines rule-

based reasoning, dynamic clinical condition handling, and explainable rule traceability within a unified decision-

support system. The high agreement between system recommendations and expert judgments indicates that the 

developed knowledge base reliably represents routine clinical decision-making, while the positive usability 

evaluation confirms its practical applicability in primary healthcare. Recent evidence suggests that Clinical 

Decision Support Systems should be evaluated not only by predictive performance but also by transparency, 

usability, and integration into clinical workflows (Kim et al., 2024). Explainability has likewise been identified 

as a key factor influencing successful clinical implementation (Abbas et al., 2025). 

A major contribution of this study is the development of a comprehensive rule-based knowledge base that 

integrates multiple dynamic clinical variables, including immunization history, fever status, upper respiratory 

tract infection (URTI), nutritional status, allergy history, delayed immunization schedules, and vaccine 
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availability into a unified reasoning mechanism. Unlike conventional schedule-based systems, the proposed 

framework evaluates these variables simultaneously before generating recommendations, thereby reflecting 

routine clinical practice while maintaining compliance with the Indonesian national immunization guideline. 

The knowledge base was constructed by systematically translating national immunization guidelines, scientific 

literature, field observations, and expert knowledge into explicit IF–THEN production rules. This structured 

representation improves transparency, reproducibility, and knowledge maintenance. Similar findings have 

shown that ontology-based and rule-based knowledge representation enhances semantic consistency and 

interoperability in Clinical Decision Support Systems (Jing et al., 2023). Reusable rule modules have also been 

reported to facilitate consistent implementation of immunization recommendations across healthcare settings 

(Orlioglu et al., 2025). 

Another important contribution is the Explainable Rule Traceability mechanism, which records the complete 

reasoning process by displaying evaluated clinical variables, activated production rules, intermediate inferences, 

and the corresponding regulatory basis for each recommendation. This enables healthcare professionals to 

understand and verify how recommendations are generated before making clinical decisions. Such transparency 

is essential because immunization decisions require clear justification and accountability. Unlike many data-

driven artificial intelligence models that function as black boxes, the proposed rule-based approach exposes every 

inference step, allowing recommendations to be inspected and validated. Transparent reasoning has been 

recognized as a fundamental requirement for trustworthy healthcare artificial intelligence (Arrieta et al., 2020). 

Explicit rule representation has also been recommended as an effective strategy for implementing explainable 

Clinical Decision Support Systems (Prentzas et al., 2023). A systematic review further reported that 

explainability improves clinician confidence and regulatory compliance (Kim et al., 2024). A recent meta-

analysis likewise concluded that transparent recommendations enhance usability and clinician acceptance 

(Abbas et al., 2025). Explainable and bias-aware AI has also been shown to strengthen fairness and 

accountability in healthcare decision-making (Sharma et al., 2026). 

The clinical validation results demonstrate that the proposed X-CDSS generates recommendations that are 

highly consistent with expert clinical judgment. The agreement rate of 92.5% and a Cohen's Kappa coefficient 

of 0.81 indicate that the developed knowledge base effectively represents expert reasoning while maintaining 

compliance with the Indonesian national immunization guideline. These findings confirm that the forward-

chaining inference mechanism provides reliable and transparent support for routine childhood immunization 

decisions. 

Although three validation scenarios differed from expert judgments, these discrepancies mainly involved 

complex clinical situations requiring contextual interpretation beyond the predefined production rules. This 

finding reflects an inherent limitation of deterministic rule-based reasoning and highlights the importance of 

continuously refining the knowledge base through expert feedback and guideline updates. The proposed 

framework also achieved high Accuracy, Precision, Recall, and F1-score, demonstrating balanced classification 

performance while preserving explainability. Unlike many black-box AI models, the proposed system enables 

healthcare professionals to inspect every inference step before accepting recommendations. This finding is 

consistent with previous studies emphasizing that transparency is essential for trustworthy pediatric Clinical 

Decision Support Systems (Ramgopal et al., 2023). Similar observations were reported in the development of 

the ePOCT+ platform, where transparent clinical algorithms supported safer implementation of pediatric 

decision-support tools (Tan et al., 2023). 

Compared with previous studies, the proposed framework advances existing Clinical Decision Support 

Systems by integrating dynamic clinical reasoning, explainable rule traceability, and compliance with national 

immunization guidelines within a single operational framework. Previous studies by Yanto et al. (2017) and 

Mayatopani et al. (2022) focused primarily on disease diagnosis, while Shegog et al. (2023) emphasized 

vaccination uptake rather than vaccination eligibility. Salem et al. (2021) highlighted the need for clinically 

applicable implementation of Clinical Decision Support Systems, and the present study addresses this need by 

providing an operational framework specifically designed for routine childhood immunization. The explainable 

reasoning mechanism also supports responsible AI adoption by improving clinician trust and transparency 

(Nasarian et al., 2023). Furthermore, the use of explicit knowledge representation rather than purely data-driven 

prediction ensures that every recommendation can be directly traced to clinical regulations. Similar observations 

have been reported in infectious disease decision support (Kim et al., 2022). Recent systematic evidence also 

recommends explainability as a core design principle for Clinical Decision Support Systems intended for routine 

clinical practice (Kim et al., 2024). 

From a practical perspective, the proposed X-CDSS has the potential to improve the consistency, 

transparency, and quality of childhood immunization services in primary healthcare. By providing standardized 

recommendations based on the Indonesian national immunization guidelines, the system may reduce false 
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contraindications and unnecessary vaccination delays while supporting evidence-based clinical decision-

making. The Explainable Rule Traceability mechanism also facilitates communication among physicians, 

midwives, and immunization nurses by providing a clear reasoning pathway for every recommendation. This 

capability has been recognized as an important factor for improving clinician confidence and facilitating the 

integration of Clinical Decision Support Systems into routine practice (Ramgopal et al., 2023). Similar findings 

have been reported for transparent pediatric decision-support platforms implemented in resource-constrained 

healthcare settings (Tan et al., 2023). In addition, reusable rule-based modules have been shown to improve the 

consistency and interoperability of immunization recommendations across healthcare institutions (Orlioglu et 

al., 2025). Ontology-based knowledge representation has likewise been reported to facilitate semantic 

consistency and long-term maintenance of clinical rules (Jing et al., 2023). 

Despite these promising findings, several limitations should be acknowledged. Clinical validation was 

conducted using representative scenarios rather than real patient data, and knowledge acquisition involved a 

limited number of healthcare professionals from a single primary healthcare center. Moreover, the rule-based 

mechanism depends on predefined production rules that require manual updates following changes in 

immunization guidelines, which may limit generalizability. Future studies should validate the proposed 

framework using multicenter clinical datasets, integrate it with Electronic Medical Record (EMR) and national 

immunization information systems, and investigate hybrid explainable AI approaches that combine rule-based 

transparency with machine learning adaptability (Kierner et al., 2025). Future development should also 

prioritize explainability, usability, fairness, and clinical accountability as core design principles for Clinical 

Decision Support Systems (Kim et al., 2024). Similar recommendations have been reported in recent meta-

analytic evidence (Abbas et al., 2025). The incorporation of explainable and bias-aware AI is also expected to 

improve fairness and clinician trust in healthcare decision support (Sharma et al., 2026) 

Overall, the proposed X-CDSS demonstrates that integrating rule-based reasoning with explainable artificial 

intelligence provides a transparent, reliable, and clinically accountable approach for supporting childhood 

immunization decisions. By combining dynamic clinical reasoning, explicit knowledge representation, 

explainable rule traceability, and compliance with national immunization guidelines, the proposed framework 

contributes to the development of trustworthy Clinical Decision Support Systems for evidence-based 

imunization practice 

Conclusions 

This study developed and evaluated an Explainable Clinical Decision Support System (X-CDSS) for childhood 

immunization recommendations in primary healthcare. The proposed framework successfully integrates rule-

based reasoning with multiple dynamic clinical variables, including child age, immunization history, fever 

status, upper respiratory tract infection, nutritional status, allergy history, delayed immunization schedules, and 

vaccine availability. By combining these variables within a forward-chaining inference mechanism, the system 

generates transparent, context-aware, and guideline-compliant immunization recommendations. The evaluation 

demonstrated high agreement between system recommendations and expert clinical judgments, together with 

positive usability among healthcare professionals, indicating that the proposed framework is both clinically 

reliable and practically applicable. In addition to recommendation accuracy, the Explainable Rule Traceability 

mechanism enables healthcare professionals to review the activated production rules and underlying reasoning 

process, thereby improving transparency, accountability, and compliance with the Indonesian national 

immunization guidelines. The principal contribution of this study is the integration of dynamic clinical condition 

handling, explicit rule-based knowledge representation, and explainable reasoning within a single Clinical 

Decision Support System for routine childhood immunization. Unlike previous studies that primarily addressed 

disease diagnosis or vaccination promotion, the proposed framework supports vaccination eligibility assessment 

under diverse clinical conditions while maintaining transparent and auditable decision-making. From a practical 

perspective, the proposed X-CDSS can assist physicians, nurses, and midwives in reducing false 

contraindications, minimizing unnecessary vaccination delays, and improving consistency in interpreting 

national immunization guidelines. Consequently, the system has the potential to enhance the quality, 

transparency, and standardization of childhood immunization services in primary healthcare. This study is 

limited by the use of representative clinical scenarios and a relatively small number of healthcare professionals 

during validation. Future research should evaluate the proposed framework using multicenter clinical datasets, 

integrate it with Electronic Medical Record (EMR) and national immunization information systems, and 

investigate hybrid Explainable Artificial Intelligence approaches that combine the transparency of rule-based 

reasoning with the adaptability of machine learning to further improve scalability, generalizability, and clinical 

applicability. 

 



 

 

655 

 

Journal homepage: https://jurnal.iicet.org/index.php/jrti 

 

Development and validation of an explainable...  

Acknowledgments 

The authors would like to express their sincere gratitude to the healthcare professionals at Puskesmas Kuranji, 

Padang, Indonesia, for their valuable participation in the knowledge acquisition process, clinical validation, and 

user acceptance evaluation. The authors also acknowledge the medical informatics expert who reviewed the 

evaluation instruments and provided constructive feedback during the system development process. Their 

contributions greatly improved the quality, validity, and practical applicability of the proposed Explainable 

Clinical Decision Support System. 

References 

Abbas, Q., Jeong, W., & Lee, S. W. (2025). Explainable AI in Clinical Decision Support Systems: A Meta-

Analysis of Methods, Applications, and Usability Challenges. Healthcare, 13(17), 2154. 

https://doi.org/10.3390/healthcare13172154 

Andrade-Guerrero, L., de la Cruz-Vargas, J. A., Rojas, E., & Torres, M. (2023). Artificial intelligence and health 

information systems in primary healthcare: Opportunities and challenges. International Journal of 

Medical Informatics, 175, 105102. 

Arrieta, A. B., Díaz-Rodríguez, N., Del Ser, J., Bennetot, A., Tabik, S., Barbado, A., García, S., Gil-López, S., 

Molina, D., Benjamins, R., Chatila, R., & Herrera, F. (2020). Explainable Artificial Intelligence (XAI): 

Concepts, taxonomies, opportunities and challenges toward responsible AI. Information Fusion, 58, 

82–115. https://doi.org/10.1016/j.inffus.2019.12.012 

Bharati, S., Mondal, M. R. H., & Podder, P. (2023). A review on explainable artificial intelligence for healthcare: 

Why, how, and when? Healthcare Analytics, 4, 100212. 

Holzinger, A., Carrington, A., & Müller, H. (2020). Measuring the quality of explanations: The system 

causability scale (SCS). KI – Künstliche Intelligenz, 34(2), 193–198. https://doi.org/10.1007/s13218-

020-00636-z 

Huynh, T., Nguyen, H., & Tran, P. (2022). Clinical decision support systems in primary healthcare: A 

systematic review. Healthcare Informatics Research, 28(4), 275–289. 

Jing X, Min H, Gong Y, Biondich P, Robinson D, Law T, Nohr C, Faxvaag A, Rennert L, Hubig N, Gimbel 

R. Ontologies Applied in Clinical Decision Support System Rules: Systematic Review. JMIR Med 

Inform 2023;11:e43053 URL: https://medinform.jmir.org/2023/1/e43053 DOI: 10.2196/43053  

Kementerian Kesehatan Republik Indonesia. (2017). Peraturan Menteri Kesehatan Republik Indonesia Nomor 

12 Tahun 2017 tentang Penyelenggaraan Imunisasi. Jakarta, Indonesia: Kementerian Kesehatan 

Republik Indonesia. 

Kierner S, Kierner P, Kucharski J. Combining machine learning models and rule engines in clinical decision 

systems: Exploring optimal aggregation methods for vaccine hesitancy prediction. Comput Biol Med. 

2025 Apr;188:109749. doi: 10.1016/j.compbiomed.2025.109749. Epub 2025 Feb 20. PMID: 39983355.  

Kim K, Lee M, Shin HK, Lee H, Kim B and Kang S (2022) Development and application of survey-based 

artificial intelligence for clinical decision support in managing infectious diseases: A pilot study on a 

hospital in central Vietnam. Front. Public Health 10:1023098. doi: 10.3389/fpubh.2022.1023098  

Kim, S. Y., Kim, D. H., Kim, M. J., Ko, H. J., & Jeong, O. R. (2024). XAI-Based Clinical Decision Support 

Systems: A Systematic Review. Applied Sciences, 14(15), 6638. https://doi.org/10.3390/app14156638 

Landis, J. R., & Koch, G. G. (1977). The measurement of observer agreement for categorical data. Biometrics, 

33(1), 159–174. https://doi.org/10.2307/2529310 

Mayatopani, H., Wiyandra, Y., & Rahmaddeni. (2022). Expert system for mental disorder diagnosis using 

Dempster–Shafer theory. International Journal of Advanced Computer Science and Applications, 

13(8), 350–358. 

Nasarian, E., Alizadehsani, R., Acharya, U. R., & Tsui, K. L. (2023). Designing interpretable machine learning 

systems to enhance trust in healthcare: A systematic review. Artificial Intelligence Review, 56(8), 7851–

7884. 

Orlioglu S, Boobalan AS, Abanyie K, Boyce RD, Min H, Gong Y, Sittig DF, Biondich P, Wright A, Nøhr C, 

Law T, Robinson D, Faxvaag A, Hubig N, Gimbel R, Rennert L, Jing X. Reusable Generic Clinical 

https://jurnal.iicet.org/index.php/sajts/index
https://doi.org/10.3390/healthcare13172154
https://medinform.jmir.org/2023/1/e43053
https://doi.org/10.3390/app14156638


Lizar et al JRTI (Jurnal Riset Tindakan Indonesia) 

Vol. 11, No. 1, 2026, pp. 646-656 
   656 

 

Journal homepage: https://jrti.eloracenter.org/jrti 

 

Decision Support System Module for Immunization Recommendations in Resource-Constraint 

Settings. AMIA Jt Summits Transl Sci Proc. 2025 Jun 10;2025:395-404. PMID: 40502239; PMCID: 

PMC12150700  

Ramgopal, S., Sanchez-Pinto, L. N., Horvat, C. M., Carroll, M. S., Luo, Y., & Florin, T. A. (2023). Artificial 

intelligence-based clinical decision support in pediatrics. Pediatric research, 93(2), 334–341. 

https://doi.org/10.1038/s41390-022-02226-1  

Sharma, S. ., Giami, K. L. ., & Chukwuemeka, U. S. . (2026). Explainable and Bias-Aware AI Models for 

Clinical Decision Support in U.S.Healthcare Systems. International Journal of Public Health and 

Nursing, 2(1), 40-52. https://doi.org/10.54536/ijphn.v2i1.6988 

Tan R, Cobuccio L, Beynon F, Levine GA, Vaezipour N, Luwanda LB, et al. (2023) ePOCT+ and the medAL-

suite: Development of an electronic clinical decision support algorithm and digital platform for pediatric 

outpatients in low- and middle-income countries. PLOS Digit Health 2(1): e0000170. 

https://doi.org/10.1371/journal.pdig.0000170  

World Health Organization. (2021). Global strategy on digital health 2020–2025. World Health Organization. 

https://www.who.int/publications/i/item/9789240020924 

 

 

 

https://doi.org/10.1038/s41390-022-02226-1
https://doi.org/10.54536/ijphn.v2i1.6988
https://doi.org/10.1371/journal.pdig.0000170

