
https://dinastires.org/DIT,                                                                             Vol. 4, No. 2, October – December 2026 

305 | Page 

 

 
DOI: https://doi.org/10.38035/dit.v4i2 

https://creativecommons.org/licenses/by/4.0/ 
Received: 01 October 2026 | Revised: 05 October 2026 | Accepted: 08 October 2026 

 

Design of a Web-Based BOR Prediction System as an Early 

Warning System for Overcapacity Using Growth Rate and 

Moving Average Methods 
 

 

Shilvana Mahardika¹, Irda Sari², Adhita Arif Setyawan³ 
1Politeknik Piksi Ganesha, Bandung, Indonesia, shilvanamahardika634@gmail.com  
2Politeknik Piksi Ganesha, Bandung, Indonesia, irdasari13@gmail.com  
3Politeknik Piksi Ganesha, Bandung, Indonesia, adhitammsi@gmail.com  

 

Corresponding Author: shilvanamahardika634@gmail.com1 

 

Abstract: Bed availability is an important indicator of hospital service quality, as an imbalance 

between capacity and patient demand may increase the risk of overcapacity and reduce service 

quality. Capacity management that remains oriented toward historical data also limits a 

hospital’s ability to anticipate future needs. This study aimed to implement a Bed Occupancy 

Rate prediction system as an early warning mechanism for evaluating bed-capacity adequacy 

in subsequent periods. A mixed-methods design with a time-series approach was employed. 

Quantitative data consisted of 24 months of historical Bed Occupancy Rate records obtained 

through documentation and analyzed using Growth Rate and Moving Average methods, while 

qualitative data were obtained through observation and interviews to identify system 

requirements. The system was developed using the Waterfall model and implemented with PHP 

Native, MySQL, Bootstrap, and AdminLTE. Features include historical-data management, 

prediction, Mean Absolute Percentage Error evaluation, dashboard visualization, an Early 

Warning System, and PDF and Excel reports. The system generated forecasts, displayed 

occupancy trends, and classified predicted conditions into safe, alert, and critical categories, 

thereby supporting more proactive and sustainable capacity planning. 
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INTRODUCTION 

Inpatient care is one of the main components of hospital health-service delivery. One 

indicator used as a basis for evaluating the effectiveness of inpatient-facility utilization is the 

Bed Occupancy Rate (BOR), which measures the percentage of occupied beds during a certain 

period (Pomarida Simbolon et al., 2025). BOR describes the balance between available bed 

capacity and patient-service needs. A BOR that is too low indicates suboptimal bed utilization, 

whereas a high BOR may lead to service delays, longer patient waiting times, and the risk of 

overcapacity. Therefore, periodic BOR monitoring is an important component of hospital 

statistics and is used by management to evaluate service planning (Mayangsari et al., 2022). To 

assess the effectiveness of inpatient-service management, hospitals use several performance 
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indicators, including BOR, which measures bed utilization over a specified observation period. 

Bed utilization can be categorized as optimal when BOR is within the range of 60–85% (Depkes 

RI, 2005). 

Digital transformation in the health sector is one of the strategies continuously developed 

by the government to improve the quality, effectiveness, and efficiency of healthcare delivery. 

This effort is strengthened through Law Number 17 of 2023 concerning Health, which 

emphasizes that the national health system should be supported by the use of information 

technology and integrated health information systems. In line with this policy, Regulation of 

the Minister of Health of the Republic of Indonesia Number 24 of 2022 concerning Medical 

Records stipulates that every healthcare service must implement Electronic Medical Records as 

part of an integrated health information system. Hospital-service management is also regulated 

by Regulation of the Minister of Health of the Republic of Indonesia Number 3 of 2020 

concerning Hospital Classification and Licensing, which emphasizes effective, efficient, and 

quality-oriented healthcare delivery. One aspect affecting inpatient-service quality is the 

hospital’s ability to manage service needs. An imbalance between the number of available beds 

and the number of hospitalized patients may cause overcapacity, which can ultimately affect 

patient waiting time and reduce the efficiency of hospital resource utilization (Mandala, 2025). 

Based on observations and interviews conducted at RSUD Syamsudin S.H, Bed Occupancy 

Rate has been calculated as one of the inpatient-service statistical indicators used to determine 

bed utilization. However, the use of BOR information remains focused on conditions that have 

already occurred after the service period has ended; therefore, it is evaluative and does not yet 

provide an overview of occupancy trends for the subsequent period. This becomes a problem 

when BOR tends to increase because the hospital does not yet have predictive information that 

can provide an earlier warning of potential increases in bed occupancy. This limitation may 

leave management with less time to anticipate changes in service needs, such as adjusting bed-

capacity management and supporting inpatient resources. Thus, the problem does not lie in the 

availability of BOR calculations, but in the absence of predictive information capable of 

transforming historical data into a basis for anticipating future service-capacity conditions. This 

condition demonstrates the need for a BOR prediction system that uses historical data to 

describe BOR trends for the next period and functions as an early warning system supporting 

inpatient-capacity management decisions. 

Previous studies have developed BOR prediction models using more complex methods, 

such as Autoregressive Integrated Moving Average and various machine-learning approaches 

(Indra et al., 2026). In contrast, this study focuses on designing an information system that can 

be used to support decision making. Growth Rate and Moving Average were therefore selected 

because their calculation mechanisms are relatively simple, easy to implement in a web-based 

system, easy for users to understand, and capable of producing transparent predictive 

information. Both methods are consistently applied to monthly and annual predictions so that 

users obtain prediction results through uniform and readily interpretable calculation 

mechanisms. To ensure that the results remain suitable as an information basis, prediction errors 

are evaluated using Mean Absolute Percentage Error (MAPE). 

 

METHOD 

Research Approach 

This study applied a mixed-methods design by integrating qualitative and quantitative 

approaches in the development of a web-based Bed Occupancy Rate prediction information 

system. 

 

Data Collection Techniques 

1) Observation: observing the statistical-data management workflow and the BOR 

calculation process. 
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2) Interviews: obtaining more in-depth information regarding BOR calculations and the 

availability of data used as the basis for future BOR predictions. 

3) Documentation study: reviewing available statistical data to obtain the quantitative data 

required for the system-design process. 

4) Literature study: reviewing literature relevant to the research, including scientific 

journals, laws and regulations, and various references supporting the development of a 

web-based information system. 

 

Data Processing Techniques 

Growth Rate 

Growth Rate = (HPₜ − HPₜ₋₁) / HPₜ₋₁ 

 

Moving Average 

HP = (HPₜ₋₁ + HPₜ₋₂ + HPₜ₋₃) / 3 

 

Monthly Predictive BOR Calculation 

BOR = (Patient Care Days / (Beds × Days)) × 100% 

 

Prediction Accuracy Evaluation 

MAPE = (|Actual − Prediction| / Actual) × 100% 

 

System Development Stages 

The system-development process used the Waterfall method. This method was selected 

because its development flow is systematic and sequential, allowing each stage to be carried 

out after the previous stage has been completed (Sahputra et al., 2025). This approach was 

appropriate because system requirements had been determined from the beginning based on the 

requirements analysis and did not change significantly during development. 

1) Requirements Analysis: identifying system requirements based on the existing 

condition of inpatient-service statistical management. 

2) System Design: following up the requirements analysis to produce a system design that 

meets user needs. The design includes a Flowmap, Context Diagram, Data Flow 

Diagram, and Entity Relationship Diagram as representations of process flows, data 

flows, and relationships among system entities. 

3) Program Coding: implementing the design as a web-based application using PHP Native 

for server-side programming, JavaScript for interface interactions, Bootstrap and 

AdminLTE as interface frameworks, and MySQL as the database-management system. 

4) Program Testing: using Black Box Testing to determine whether each system function 

operates according to the specified requirements. 

5) System Maintenance: maintaining optimal system performance and adapting the system 

to future needs after implementation. However, maintenance was not conducted in this 

study because the research scope was limited to system implementation and testing. 
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Source: Processed by the authors based on Sahputra et al. (2025). 

Figure 1. Stages of the Waterfall Method 
 

RESULTS AND DISCUSSION 

Results 

Interview Results 

Interviews were conducted to obtain information regarding Bed Occupancy Rate data 

management, problems in presenting BOR information, and prediction of bed occupancy. The 

interview data were then processed descriptively by grouping information according to topics 

related to the existing process, problems, information requirements, and system requirements. 

Based on the processed interview data, several findings were obtained as the basis for 

system design. 
Table 1. Interview Results 

No. Aspect Examined Interview Result System Requirement 

1 BOR data 

management 
BOR data are used as information to determine 

the hospital bed-occupancy level. 
The system can store and manage historical 

BOR data in a structured manner. 

2 BOR prediction No dedicated feature is available to estimate 

BOR for the next period. 

The system provides BOR prediction using 
Growth Rate and Moving Average 

methods. 

3 Capacity-condition 
warning 

Information is required to help identify bed-
capacity conditions based on prediction results. 

The system provides an Early Warning 
System with capacity-condition categories. 

Based on the identified requirements, the system was designed with several main functions: 

historical BOR data management; BOR processing and prediction using Growth Rate and 

Moving Average; presentation of results in graphical form; and early-warning information 

based on the categories of predicted conditions. 

 

Analysis of the Existing Workflow 

Based on observations and documentation studies, BOR data management begins with 

collecting inpatient-service data consisting of patient care days, the number of available beds, 

and the number of days in a specified period. These data are then processed to calculate BOR 

according to hospital statistical formulas. The calculation results are subsequently recapitulated 

in statistical reports used to evaluate inpatient-service performance and submitted to hospital 

management. This management process has been able to provide information about bed 

utilization in past periods. However, the information produced remains descriptive because it 

only represents actual conditions based on historical data. The BOR values have not yet been 
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used to estimate conditions in the following period. This condition means that hospital 

management does not yet have predictive information that can be used as a basis for anticipating 

changes in bed occupancy. If the number of patients increases significantly, bed-capacity 

adjustments are generally made only after BOR indicates a high occupancy level. Conversely, 

when the number of patients decreases, the hospital does not yet have an adequate basis for 

evaluating whether the available bed capacity remains appropriate to service needs.The existing 

workflow is illustrated in the Existing-System Flowmap shown in Figure 2. 

 

Analysis of New System Requirements 

Based on observations and documentation studies, the main user requirement is not limited 

to historical BOR data management but also includes the system’s ability to generate predictive 

information regarding bed-capacity conditions in the next period. 

 

System Design 

System design was conducted as a follow-up to the requirements analysis. The design 

process aimed to produce a comprehensive representation of the system structure, including 

process flows, data management, relationships among entities, and user-interface design. 

 

 
Figure 2. Existing-System Workflow 
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Context Diagram 

The Context Diagram shows the relationship between the Bed Occupancy Rate prediction 

system and external entities that interact directly with it. The entities involved include the 

administrator, medical record officer, and head of medical records. 

 

 
Figure 3. System Context Diagram 

 

Data Flow Diagram Level 1 

The Level 1 Data Flow Diagram describes in greater detail the main processes within the 

Bed Occupancy Rate prediction system, ranging from historical BOR data management and 

BOR prediction to prediction-accuracy evaluation and presentation of results. 

 

 
Figure 4. System Data Flow Diagram Level 1 
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Entity Relationship Diagram 

The Entity Relationship Diagram describes the database structure used by the system and 

the relationships among entities supporting data management. The ERD was designed to ensure 

that each dataset is stored in a structured manner and supports consistent information processing 

and presentation. 

Figure 5. System Entity Relationship Diagram Design 

 

System Implementation 

The implementation resulted in a web-based application used to support historical Bed 

Occupancy Rate data management, prediction, accuracy evaluation, and presentation of 

information as decision support. 

 

Login Page 

The login page is used for user authentication before accessing the system according to the 

assigned access rights. 

 
Figure 6. Login Page Display 

https://dinastires.org/DIT


https://dinastires.org/DIT,                                                                             Vol. 4, No. 2, October – December 2026 

312 | Page 

Dashboard 

The dashboard displays key information, including the number of stored historical BOR 

records, actual BOR, the next-period BOR prediction, and the Early Warning System status. It 

also presents a monthly BOR trend chart illustrating changes in bed occupancy based on 

historical data. 

 
Figure 7. System Dashboard Display 

 

Historical Data Page 

The Historical Data page is used to manage inpatient-service statistical data. Stored 

historical data constitute the main source for the prediction process; therefore, data accuracy 

and completeness affect the prediction results. Officers can comprehensively manage historical 

data through add, edit, delete, and search functions. 

 
Figure 8. Historical Data Page Display 

 

BOR Prediction Page 

The BOR Prediction page displays the historical data used as the calculation basis together 

with the prediction results for the next period. All calculations are performed automatically 

after the user selects the data to be predicted. The system calculates the growth percentage based 

on the actual BOR in the previous period and uses the result to estimate BOR for the next period. 
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The system also automatically performs calculations using the Growth Rate and Moving 

Average methods. 

 
Figure 9. BOR Prediction Page Display 

 

Prediction History Page 

The Prediction History page stores calculated prediction results before the accuracy of the 

Bed Occupancy Rate prediction is evaluated. The system automatically calculates MAPE after 

a prediction has been used. The calculation is performed for each method so that users can 

determine the accuracy of Growth Rate and Moving Average based on the historical data used. 

After the accuracy value is calculated, the actual value is automatically entered into the 

historical-data page as the basis for the following month’s prediction. 

 
Figure 10. Prediction History Page Display 

 

Early Warning System Page 

The Early Warning System page presents Bed Occupancy Rate prediction results in 

information that is easier for users to interpret. Unlike a prediction result that only displays a 

BOR percentage, this page interprets the prediction into bed-capacity condition categories so 

that it can be used as a basis for decision making. 
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Figure 11. Early Warning System Display 

 

Report Printing Page 

The Bed Occupancy Rate Prediction Report feature presents prediction results in a 

structured and documented format. It displays the prediction period, method used, predicted 

and actual patient care days, predicted and actual BOR, Mean Absolute Percentage Error, and 

bed-capacity status. The information is complemented by hospital identity, printing date, report 

summary, and a facility for printing the report in PDF format. This presentation facilitates 

review of prediction results, evaluation of accuracy, and documentation of analysis as decision-

support material for bed-capacity management. 

 
Figure 12. Printed Report Output 
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System Testing 

System testing was conducted using Black Box Testing to ensure that each system function 

operated as intended. Testing covered the main features available in the system by comparing 

the obtained results with the expected results. 
Table 2. Black Box Testing Results 

N

o. 
System 

Feature Test Scenario Expected Result Status 

1 Login User enters a valid username and 

password. 
The system displays the main page according to the 

user’s access rights. Valid 

2 User 

Management 
Administrator adds, edits, and deletes 

user data. 
User data are successfully managed and stored in 

the database. Valid 

3 Historical Data 

Input 
Medical record officer enters hospital 

historical data. 
Historical hospital data are successfully stored in 

the database. Valid 

4 Prediction 

Calculation 
Medical record officer enters 

prediction data. 
The system displays BOR predictions using 

Growth Rate and Moving Average. Valid 

5 MAPE 

Calculation 
Medical record officer calculates 

prediction accuracy. 
The system displays the MAPE value according to 

the calculation result. Valid 

6 Early Warning 

System Status 
Predicted BOR falls within a specified 

category. The system displays Low, Optimal, or High status. Valid 

7 Report User accesses the prediction-data 

report. 
The system displays the prediction-data report 

correctly. Valid 

8 Logout User exits the system. The system redirects the user to the login page. Valid 

 

Discussion 

Bed Occupancy Rate prediction was calculated using two methods, namely Growth Rate 

and Moving Average. The data used as the prediction basis were hospital historical data from 

previous periods. The calculations produced predicted patient care days (HP Pred), which were 

then used to obtain the predicted BOR (BOR Pred). The actual data consisted of actual patient 

care days (HP Act) and actual BOR (BOR Act) obtained from hospital records. The difference 

between predicted and actual values was then used to calculate Mean Absolute Percentage Error 

as an indicator of prediction accuracy. 
Table 3. Calculation Results 

No

. Period Method HP Pred HP Act BOR Pred BOR Act MAPE 
1 January Growth Rate 13,076 12,665 81.90% 73.88% 3.25% 
2 January Moving Average 12,192 12,665 76.37% 73.88% 3.73% 
3 February Growth Rate 13,050 10,642 84.28% 68.73% 22.63% 
4 February Moving Average 12,170 10,642 78.60% 68.73% 3.25% 
5 March Growth Rate 8,942 10,628 52.26% 62.00% 15.68% 
6 March Moving Average 11,866 10,628 69.22% 62.00% 11.65% 
7 April Growth Rate 10,614 12,020 63.98% 72.45% 11.70% 
8 April Moving Average 11,312 12,020 68.98% 72.45% 5.89% 
9 May Growth Rate 13,594 12,878 79.30% 75.12% 5.56% 
10 May Moving Average 11,097 12,878 64.73% 75.12% 13.83% 
11 June Growth Rate 13,797 12,679 83.16% 76.43% 8.82% 
12 June Moving Average 11,842 12,679 71.38% 76.43% 6.60% 

In January, the Growth Rate method produced an HP Pred of 13,076, while the actual 

patient care days recorded by the hospital were 12,665. This resulted in a BOR Pred of 81.90%, 

whereas the actual BOR was 73.88%. Comparison of the predicted and actual values produced 

a MAPE of 3.25%. In the same period, the Moving Average method produced an HP Pred of 

12,192 with a BOR Pred of 76.37%. The actual hospital data showed 12,665 patient care days 

and an actual BOR of 73.88%. Based on this comparison, the MAPE was 3.73%. This value 

indicates that the Moving Average prediction had an error rate of 3.73% relative to the actual 

January data. The same calculations were performed from February to June for both methods. 

The test results showed differences in error levels between Growth Rate and Moving Average 

in each period. These differences are related to the characteristics of each method in processing 

historical data. Growth Rate accounts for growth changes between historical periods, whereas 

Moving Average uses the average of three historical periods, so its prediction tends to follow 

the average of previous data. 

The calculation results were subsequently used as the basis for evaluating the application 

of the prediction methods in the system. In addition to producing predicted BOR values, the 

system presents actual values and MAPE so that users can compare predictions with conditions 
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that actually occurred. This information then supports the use of prediction results as part of an 

early warning system for bed-occupancy conditions. 

 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusion 

Based on the system implementation and testing results, this study successfully developed 

a web-based Bed Occupancy Rate prediction information system using Growth Rate and 

Moving Average methods. The system can manage historical BOR data, perform predictions 

automatically, evaluate accuracy using Mean Absolute Percentage Error, and present prediction 

results through an Early Warning System. The application of Growth Rate and Moving Average 

shows that both methods can be used to predict BOR for the next period with different 

characteristics. Growth Rate is more responsive in detecting changes in bed-occupancy trends, 

whereas Moving Average produces more stable predictions for fluctuating data patterns. 

Evaluation using MAPE indicates that the prediction results provide useful levels of accuracy 

and can therefore be used as supporting information in decision-making processes. The 

implementation of the Early Warning System constitutes the main contribution of this study 

because it transforms BOR prediction results into information that is easier to interpret through 

safe, alert, and critical categories. This approach enables hospital management to obtain an 

early warning of potential changes in bed occupancy so that service-capacity evaluation can be 

conducted before overcapacity occurs. Overall, the developed system functions not only as a 

medium for processing hospital statistics but also as a data-driven decision-support tool. The 

predictive information helps hospital management assess whether the bed capacity used in the 

previous period remains adequate for service needs in the following period, allowing bed 

additions, reductions, or redistribution to be planned more accurately, effectively, and 

proactively. 

 

Limitations 

The scope of this study was limited to system implementation and Black Box Testing; the 

maintenance stage had not yet been conducted. The prediction evaluation used the historical 

data available in the study period and two relatively simple forecasting methods, namely 

Growth Rate and Moving Average. Therefore, the findings should be interpreted within the 

operational context and data characteristics of RSUD Syamsudin S.H. 

 

Recommendations 

Further implementation should include system maintenance and periodic evaluation using 

newly accumulated data. Future studies may compare Growth Rate and Moving Average with 

other forecasting approaches and evaluate usability, operational impact, and decision-support 

effectiveness over a longer observation period. 
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