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ABSTRACT The maintenance of electromedical equipment is essential for ensuring patient safety, equipment
reliability, and the continuity of healthcare services. However, maintenance management at Pasar Rebo Regional
General Hospital is still largely conducted through manual recording and monitoring, resulting in inefficient data
management, delayed maintenance activities, and limited traceability of maintenance records. This study aimed
to develop and evaluate a web-based electromedical equipment maintenance information system that supports
preventive maintenance scheduling based on Equipment Management (EM) scores, corrective maintenance
reporting, maintenance history documentation, and centralized data management through online hosting. The
system was developed using the Software Development Life Cycle (SDLC) with the Waterfall model, including
requirements analysis, system design, implementation, testing, and maintenance. System performance was
evaluated through Black Box Testing to verify functional requirements and the System Usability Scale (SUS) to
assess user acceptance and usability. The evaluation results indicate that all system functions operated as intended
and that the system achieved a satisfactory level of usability. The proposed system improves the efficiency,
accuracy, accessibility, and transparency of electromedical equipment maintenance management, providing a
practical digital solution for supporting maintenance activities in healthcare facilities.

INDEX TERMS FElectromedical equipment, Maintenance information system, Preventive maintenance,
Equipment Management score, System Usability Scale

I. INTRODUCTION to monitor electromedical devices to improve

To support more efficient and systematic
maintenance of electromedical devices, the
implementation of a web-based information
system is an innovative solution in medical
equipment management. This system allows for
digital recording, monitoring, and management of
equipment maintenance history, replacing manual
methods that are prone to errors and delays. With
features such as maintenance scheduling, recording
equipment conditions, and reporting, this system
helps ensure that every electromedical device is
always in optimal condition before use[1][2]. In a
previous study conducted by Lita Kusuma in 2022
entitled "Design of a Web-Based Electromedical
Equipment Management Information System at
Pasar Rebo Regional Hospital," this study
discussed a management information system used
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efficiency and accuracy in electromedical medical
equipment maintenance at Pasar Rebo Regional
Hospital. The system developed in this study aims
to provide up-to-date information on the condition
of electromedical devices to electromedical
personnel, electromedical device users, and
hospital management. However, this study did not
include a preventive maintenance guide for
electromedical devices and did not have a feature
to schedule preventive maintenance based on
previous preventive maintenance history. Apart
from that, the system is still local host based, so it
cannot be accessed widely and has limitations in its
use [3][4].

Therefore, the author will continue the previous
research by designing a web-based electromedical
equipment maintenance information system. This
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system will be equipped with electromedical
equipment maintenance guidance
features, preventive maintenance scheduling based
on Equipment = Management (EM) values,
and integration with an internet server (hosting) to
improve accessibility. Furthermore, this system will
retain the existing features of the system design
from the previous research.

Il. RESEARCH METHODS

A. RESEARCH DESIGN

The research flow in this study closely aligns with
the stages in the Waterfall model in the SDLC
(System Development Life Cycle)[5]. The initial
phase, consisting of introduction,
problem identification, and data collection, mirrors
the Requirements phase in Waterfall, where system
requirements are analyzed and understood. Next,
the development phase, which includes
requirements analysis, system design, and the
build/coding process, aligns with the Design and
Implementation phase, which is the process of
designing and developing a system based on
predetermined requirements. The system testing
and evaluation phase, including manual testing,
illustrates the Verification phase, which is testing to
ensure that the system performs according to
specifications.

The final phase, leading to the Maintenance
phase, not only documents the results but also
serves as the basis for further development or future
system improvements. Thus, this research flow
represents a structured and systematic application
of the Waterfall model in the software development
process [6][7].

Admin has the broadest access rights of all
roles. In use cases, the Admin is responsible for
logging into the system, managing user accounts,
and managing inventory data for electromedical
devices. In addition, the Admin also has the
authority to schedule maintenance as needed. In
terms of access management, the Admin has full
rights to read and modify almost all system data.
Device Users have limited access rights and focus
on reporting and monitoring device condition.
Within the system, they can log in, report
malfunctions, and view inventory data,
maintenance schedules, damage reports, and
maintenance reports for medical devices based on
their account location. In terms of access
management, they only have read rights to system
data, except for the electromedical device damage
reporting feature, which is located in the registered
device user account location.
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B. CONCEPTUAL FRAMEWORK
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FIGURE 1. Use Case Design and Access Management

The Electromedical role on Fig. 1 is responsible
for equipment maintenance activities. Use cases
for this role include logging into the system,
viewing inventory data, viewing maintenance
schedules, viewing damage reports, viewing
maintenance reports, and reporting the results of
maintenance performed. Access management for
Electromedical Users is quite complex because
they have a combination of read and write rights,
especially for the electromedical device
maintenance reporting feature.

The auditor's role is to verify and oversee all
maintenance activities for electromedical devices
within the system. In this use case, the auditor only
has the right to log in and view all types of data,
including inventory data, maintenance schedules,
damage reports, and maintenance reports. Access
management is limited to read access, as the
auditor does not have the authority to modify data
within the system, but only to review and audit
existing data [8].

C. DATA COLLECTION TECHNIQUES

Data collection was conducted to assess the quality
of the developed system. In this study, the
researchers implemented a black box testing
method, which focuses on testing the system's
functional aspects. Evaluations were conducted by
users to determine whether the developed system
conformed to the initial design [9][10].
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D. TESTING INSTRUMENT

The author designed the System Usability Scale

(SUS) questionnaire, providing five answer

choices using a Likert scale. This scale served as

the basis for respondents to assess the system,

which would serve as the research instrument [5]:

1. Respondents who scored 5 indicated that they
strongly agreed with the statement regarding
the system being evaluated.

2. Respondents who scored 4 indicated that they
agreed with the statement regarding the
system being evaluated.

3. Respondents who scored 3 indicated that they
were unsure about the statement regarding the
system being evaluated.

4. Respondents who scored 2 indicated that they
disagreed with the statement regarding the
system being evaluated.

5. Respondents who scored 1 indicated that they
strongly disagreed with the question regarding
the system being evaluated.

The SUS consists of 10 statements written in
English, covering aspects such as frequency of use,
complexity, ease of use, need for technical
assistance, functional integration, consistency,
learning speed, ease of use, confidence, and initial
learning needs. These 10 items are designed to
capture users' perceptions of the system's overall
usability[11].

The following are questions from the SUS
questionnaire in English [5]:

1. T think that I would like to use this system
frequently.

2. 1 found the system unnecessarily complex.

I thought the system was easy to use.

4. 1 think that I would need the support of a
technical person to beable to use this system.

5. 1 found the various functions in this system
were well integrated.

6. I thought there was too much inconsistency in
this system.

7. 1would imagine that most people would learn
to use this system very quickly.

8. I found the system very cumbersome to use.

. I felt very confident using the system.

10. I needed to learn a lot of things before I could
get going with this system.

Statements in the System Usability Scale (SUS)
questionnaire are divided into two types of
statements based on the nature of the statement,
including [6]:

1. Odd-numbered statements are positive,
indicating that the higher the score, the better
the system's usability. The score for this
statement is calculated using (1):

W
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Score — 1 (N

2. Even-numbered statements are negative,
indicating that the higher the score, the worse
the system's ease of use. The score for this
statement is calculated using (2):

5 — Score 2)

After all scores have been converted according to
these rules, the results are added together and
multiplied by 2.5 to obtain the final SUS score.
This is determined by using (3):

SUS =2.5X [X5_1(1 = Uzn—1) + (5 = U] (3)

The higher the SUS score, the better the level of
ease of use of the system, as assessed by
respondents. For further calculations, the average
SUS score for each respondent is calculated by
adding all scores and dividing by the number of
respondents. General guidelines for interpreting
SUS scores are presented in the following Fig. 2

[6]:

FIGURE 2. SUS Score Interpretation

1. Adjective Rating: The raw score of the SUS
can be associated with six attribute categories.
A score above 85 is categorized as
"Excellent." A score of at least 72 is
considered "Good," while a score around 51 is
considered "Fair" or "OK."

2. Grading Scale: The SUS score can also be
classified into a rating system from A to F,
with A indicating excellent usability and F
indicating very poor quality.

3. Acceptability Range: A score above 70 is
considered "Acceptable." Conversely, a score
below 50 is considered "Unacceptable," and a
score between 50 and 70 is considered
"Marginally Acceptable."

lll. RESULT AND DISCUSION
A. SYSTEM INTERFACE IMPLEMENTATION
1. Implementation of the Landing Page Interface

The Landing Page on Fig. 3 interface serves as the
system’s entry point and performs account
authentication, ensuring that only valid and
registered users can access the system.
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FIGURE 3. The Landing Page Interface

2. Implementation of the Home Dashboard
Interface
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FIGURE 4. The Dashboard Interface

The system's Home Dashboard interface on Fig. 4
enables comprehensive ~ monitoring of
electromedical devices, covering total equipment,
damage reports, maintenance schedules, and
ongoing maintenance. It also provides access to
view and add IPM guidelines for electromedical
devices.

3. Implementation of the Medical Device
Inventory Page Interface
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FIGURE 5. The Medical Device Inventory Page Interface

The Medical Device Inventory Page interface on
Fig. 5 in the system manages all device data
entered into the system. This page provides several
features, such as printing data, searching data,
adding new data, editing data, reviewing data
details, and deleting data.
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4. Implementation of the Maintenance Schedule
Page Interface
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FIGURE 6. The Maintenance Schedule Page Interface

The Maintenance Schedule Page on Fig. 6 enables
real-time monitoring and management of
electromedical device maintenance, with features
for adding, searching, editing, and reviewing
schedule details.

5. Implementation of the Damage Report Page
Interface

o a 223V CZAAE 0 oew0 02
FIGURE 7. The Damage Report Page Interface

The Damage Report Page interface on Fig. 7 in the
system is used to monitor and manage equipment
damage reports. This page provides several
features, such as adding new damage reports,
searching reports, editing damage reports, deleting
damage reports, reviewing damage report details,
and scheduling maintenance based on the damage
reports.

6. Implementation of the Maintenance Report
Page Interface

The Maintenance Report Page interface on Fig. 8
in the system is used to monitor and manage
equipment maintenance reports. This page
provides several features, such as adding new
maintenance reports, searching maintenance
reports, editing maintenance reports, deleting
maintenance reports, and reviewing maintenance
report details
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FIGURE 8. The Maintenance Report Page Interface

7. Implementation of the Room Settings Page
Interface
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FIGURE 9. The Room Settings Page Interface

The Room Settings Page interface on Fig. 9 in the
system is used to monitor and manage room data
recorded in the system. This page includes features
for adding and deleting rooms.

8. Implementation of the Account Settings Page
Interface
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FIGURE 10. The Account Settings Page Interface
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The Account Settings page interface on Fig. 10 in
the system is used to monitor and manage user
account data registered within the system. This
page provides features for adding accounts, editing
account information, reviewing account details,
and deleting inactive accounts.
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B. DATABASE IMPLEMENTATION
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FIGURE 11. The Database of Medical Equipment Maintenance
Information System

The database on Fig. 11 in the medical equipment
maintenance information system that has been
developed is designed with a well-structured
architecture to ensure efficient data management
and integrity. It consists of six main tables, namely:
users, alat_elektromedis
(electromedical equipment),

jadwal pemeliharaan ~ (maintenance schedule),
laporan_pemeliharaan_detail
(maintenance report detail), ruangan (room), and
the relationships among these tables. Each of these
tables plays a specific role in storing, organizing,
and connecting data related to user accounts,
medical equipment information, maintenance
schedules, detailed maintenance reports, and room
allocations, thereby supporting the overall
functionality and reliability of the system. The
users table stores user account data such as name,
employee ID, institution, password, and location.
Each user has a specific role such as auditor,
admin, equipment user, or electromedical
technician. The user’s location attribute is linked to
the ruangan table.

The alat_elektromedis table stores data about
medical equipment, including name, brand, model,
serial number, location, purchase date, as well as
other information such as EM value, date of the last
maintenance, calibration validity period, and
supporting documents. The equipment status can
be active, under maintenance, or damaged.

Maintenance schedules are recorded in the
jadwal pemeliharaan table, which contains the
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type of maintenance (preventive or corrective),
date, executor, notes, and implementation status.
Each schedule entry is linked to the equipment
being maintained through the alat id column,
which refers to the alat_elektromedis table.

The results of maintenance activities are
recorded in detail in the
laporan_pemeliharaan detail table. This table
includes various important parameters such as
maintenance location, use of work tools, results of
physical and functional inspections, spare part
conditions, technical measurement results, and
electrical safety aspects. It also contains the final
conclusion in the form of the equipment’s
feasibility status[12][13][14].

C. SYSTEM USABILITY TESTING

In this test, the authors selected respondents from

among Pasar Rebo Regional Hospital employees,

who matched the roles available in the system. This
respondent selection aimed to ensure that the
system evaluation was conducted by users who
were truly involved with the system being tested.

Respondents were selected based on their roles as

follows: 1. Admin Role: Electromedical personnel

at RSUD Pasar Rebo who are assigned as system
administrators in the Electromedical Room of

RSUD Pasar Rebo.

1. Equipment User Role: Users of electromedical
equipment at RSUD Pasar Rebo who are
responsible for monitoring and reporting the
condition of the electromedical equipment in
their respective work locations.

2. Electromedical Role: Electromedical
personnel at RSUD Pasar Rebo who are
directly responsible for carrying out the
maintenance of electromedical equipment.

3. Auditor Role: Staff or officials at RSUD Pasar
Rebo who are tasked with monitoring the
implementation of electromedical equipment
maintenance activities.

After determining the respondents who would
be involved in the usability testing of the
developed system, the next step was to request the
respondents to try and use the system within a
certain period of time according to the testing
requirements. Once they had interacted directly
with the system, each respondent was asked to
complete an evaluation instrument in the form of
the SUS (System Usability Scale) questionnaire
[15]. The results of the system usability testing
conducted can be seen as follows table II.

Based on the table II, the usability calculation
scores for each respondent can be seen. The
highest score was 98, the lowest score was 53, the
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most frequently occurring score was 75 (four
times), and the average score (final result) was 68.

TABLEI
SYSTEM USABILITY TEST RESULTS

Calculation Result Score
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Based on table 1, the usability score
calculations provided by respondents in this study,
the usability score of the system built based on the
SUS Assessment Scale as discussed in the
previous chapter can be interpreted as:

1. Adjective Rating: The adjectives in this
system can be interpreted as "Good".

2. Grading Scale: The grades in this system can
be interpreted as "Rating D".

3. Acceptability Range: The acceptance level of
this system can be interpreted as "Marginally
Acceptable" or "Acceptable with
Limitations".

D. PENGUJIAN FUNGSIONAL SISTEM

1. Black Box Testing Landing Page

TABLE I
BLACK BOX TESTING LANDING PAGE

Testing Test case Expected Result Match
Scenario Yes No
;ogm with P2203012 The system reje?ts N
incorrect access and denies

1022321 .
account data login
Login  with P2203012 The system grants \
correct access and allows

1022123 .
account data login

Test scenarios in table II for the system's landing
page demonstrated results that were consistent with
the expected outcomes. Furthermore, the
implemented program logic functioned properly,
particularly in  handling user  account
authentication and ensuring that only valid and
registered users were able to access the system.
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2. Black Box Testing Dashboard

TABLE III
BLACK BOX TESTING DASHBOARD

Testing Test case Expected Result Match
Scenario Yes No
.Vlewn.lg Damage Damage report
incoming report o v
e . . notification
notifications notification
Enterin, Enterin, .
& & Entering
preventive preventive ;
. . preventive
maintenance maintenance . N
maintenance (PM)
(PM) (PM) ideli
guidelines guidelines gudetines

Test scenarios in table III conducted on the system
dashboard produced results consistent with the
expected outcomes. Moreover, the implemented
program logic performed efficiently, particularly in
facilitating real-time monitoring of overall
equipment conditions, while additional features
within the system also operated as intended.

3. Black Box Testing Medical Device Inventory
Page

TABLE IV
BLACK BOX TESTING MEDICAL DEVICE INVENTORY PAGE

Testing Test case Expected Result Match
Scenario Yes No
. Ventilator- ~ The system
::sﬁ:;ﬁcm data GE-R860- accepts the new N
ICU equipment data
. Ventilator- The system
l:c(lilﬁgiiem data GE-R860- updates the new N
ICU equipment data
Deleting Ventilator- The system fieletes
equipment data GE-R860- the new equipment V
ICU data
Viewing Ventilator- T‘he system
cquipment data GE-R860- dlsplays the new R
ICU equipment data
Printing The system prints
. ICU . v
equipment data the equipment data
The system
Calculating EM . accepts and
value Ventilator processes the EM v
value data

The test scenario intable IV for the Medical Device
Inventory Page in the developed system showed
results that were consistent with the expected
outcomes. In addition, the implemented program
logic operated reliably, particularly in supporting
real-time monitoring of device conditions, while
the supporting features also functioned effectively
as designed.

4. Black Box Testing Maintenance Schedule
Page

Test scenarios in table V for the Maintenance

Schedule Page in the developed system
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demonstrated results that met expectations.
Furthermore, the implemented program logic
performed well, particularly with real-time
maintenance schedule monitoring and other
available features.

TABLE V
BLACK BOX TESTING MAINTENANCE SCHEDULE P AGE

Testing Test case Expected Result Match

Scenario Yes No
Scheduling Lita The system
equipment Kusuma acc.epts the N
maintenance 12/09/202 maintenance

5 schedule

Viewing Ali Imron  The system
equipment 12/09/202 displays the N
maintenance 5 schedule data
schedule
Editing Lita The system
equipment Kusuma updates the N
maintenance 12/09/202 schedule with the
schedule 5 new data
Rel?orting Ali Imron The system
maintenance 12/09/202 accpets the N
based on 5 maintenance
schedule report

5. Black Box Testing Damage Report Page

TABLE VI
BLACK BOX TESTING DAMAGE REPORT PAGE

Testing Test case Expected Result Match
Scenario Yes No
Reporting Ventilator- The system
equipment GE-R860-  accepts the
damage ICU damage report
Scheduling Ventilator- The system
maintenance GE-R860- accepts the N
based on ICU maintenance
damage report schedule
Viewing Ventilator- The system
equipment GE-R860- displays the V
damage report ICU damage report
Deleting Ventilator- The system deletes
equipment GE-R860- the damage report v

damage report ICU

Test scenarios in table VI for the Damage Report
Page in the developed system demonstrated results
that met expectations. Furthermore, the
implemented program logic performed well,
particularly with regard to real-time monitoring of
equipment damage reports and other available
features.

6. Black Box Testing Maintenance Report Page

Test scenarios in table VII for the Maintenance
Report Page in the developed system demonstrated
results that met expectations. Furthermore, the
implemented program logic performed well,
particularly with real-time monitoring of

70



Journal of Electronics, Electromedical Engineering, and Medical Informatics (ELECTROMEDIC)

Multidisciplinary : Rapid Review : Open Access Journal

equipment maintenance reports and other available

features
TABLE VII
BLACK BOX TESTING M AINTENANCE REPORT PAGE

Testing Test case Expected Result Match

Scenario Yes No
Viewing Ali Imron  The system
maintenance 12/09/202 displays the report V
report 5 data
Editing Lita The system
maintenance Kusuma updates the report N

12/09/202 with new data

report 5
Deleting Ali Imron Deleting
maintenance 12/09/202 maintenance v
report 5 report
Searching Lita Sea_rching

. Kusuma maintenance
maintenance 12/09/202  report v
report 5
Filtering The system filters
maintenance Preventive the maintenance V
report data reports

7. Black Box Testing Room Settings Page

TABLE IX
BLACK BOX TESTING ROOM SETTINGS PAGE

Testing Test case Expected Result Match
Scenario Yes No

Adding  room Icu The system adds N

data the room data

Deleting room IGD The system deletes N

data the room data

Printing room IGD The system prints N

data the room data

Test scenarios in table IX for the Room Settings
Page in the developed system demonstrated results
that met expectations. Furthermore, the
implemented program logic performed well,
particularly in monitoring available room data.

8. Black Box Testing Account Settings Page

TABLE X
BLACK BOX TESTING ACCOUNT SETTINGS PAGE

Testing Test case Expected Result Match

Scenario Yes No
Adding account . The system adds
data ¢ Ali Imron the acc}(,)unt data v
Deleting Ricky The system deletes
account data Johannes the account data N
Viewing Sri Wati  The system

Maha displays the v

account data
account data

The system
updates the y
account data

Editing account Sri  Wati
data Maha

The test scenario in table X for the Account Settings
Page on the system built showed results that were
in line with expectations.
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IV. CONCLUSION.

This system has been proven to facilitate users in

carrying out their respective tasks, in accordance

with the features designed within the system. The
web-based  Electromedical Medical Device

Maintenance Information System at Pasar Rebo

Regional Hospital has been successfully developed

in accordance with user needs and implemented

using the System Development Life Cycle (SDLC)
with a Waterfall approach.

The preventive maintenance scheduling feature
for electromedical medical devices, using the
WHO Equipment Management Model calculation
method, and other supporting features presented
within the system functioned  properly
and met expectations.

Technically, the entire system functionality was
tested using Black Box Testing, which
demonstrated that all system components
responded to input with appropriate output, with no
critical operational errors found.

In terms of usability, the system's usability level
was measured using the System Usability Scale
(SUS) testing method, with a final score of 68.
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