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 Public cemetery management (PCM) in urban areas faces serious challenges such as 

limited land, inefficient administration, and low service transparency. This study aims to 

develop and evaluate a Smart Cemetery System (SCS) called SILAYA, which integrates 

Geographic Information System (GIS) technology with cognitive ergonomics principles 

to improve efficiency and user experience. The study design used a mixed approach: 

quantitative data were obtained through digital mapping using QGIS, usability evaluation 

using the System Usability Scale (SUS), and workload measurement using NASA-TLX; 

while qualitative data were obtained from interviews and focus group discussions with 

stakeholders. The results showed a significant improvement in usability, with the average 

SUS score increasing from 62.3 (pre-test) to 81.7 (post-test) among users, and from 57.5 

to 89.5 among TPU managers. Cognitive load also decreased substantially, with the 

NASA-TLX score decreasing from 68 (high category) in the manual system to 33 (low 

category) after SILAYA implementation. These findings demonstrate that the integration 

of GIS and cognitive ergonomics effectively improves service efficiency, data accuracy, 

and user experience in PCM. Theoretically, this study enriches the literature on intelligent 

systems based on human-centered design, while practically offering a modern, inclusive, 

and sustainable cemetery management model for urban areas.  
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1. INTRODUCTION 

 

Public cemetery management (PCM) is an important 

element in city infrastructure that is often overlooked in urban 

spatial planning and management [1-4]. In fact, the existence 

of a good cemetery management system has a significant 

contribution to the quality of life of the community, especially 

in terms of ensuring public services, the sustainability of urban 

space, and respect for social and cultural values [5, 6]. Panas 

Public Cemetery (TPU) not only functions as a final resting 

place for the community, but also as part of the city landscape 

that reflects the management of public space and humanitarian 

values [7-9]. However, in various developing cities, including 

Batam, PCM still faces various fundamental challenges. 

As one of the cities with the highest population growth rate 

in Indonesia, Batam is experiencing considerable pressure on 

land availability, including burial grounds [10]. The Batam 

City Central Statistics Agency recorded that Batam's 

population would reach approximately 1.257 million by 2024 

and this figure is expected to continue to increase with the 

development of the industrial, trade, and service sectors [11, 

12]. This rapid population growth directly increases the need 

for burial land, while land availability in island cities like 

Batam is increasingly limited (Figure 1). This increasingly 

acute land shortage raises serious issues in the management of 

PCM, which if not handled properly, can impact the regularity 

of spatial planning and the quality of public services [13]. 

 

  

  
 

Figure 1. Sei Panas Public Cemetery, Batam City 

Journal Européen des Systèmes Automatisés 
Vol. 58, No. 11, November, 2025, pp. 2337-2349 

 

Journal homepage: http://iieta.org/journals/jesa 
 

2337

https://orcid.org/0000-0002-7097-6549
https://orcid.org/0009-0001-4829-551X
https://orcid.org/0009-0005-9450-2232
https://orcid.org/0009-0002-0214-7025
https://orcid.org/0009-0003-8594-2856
https://orcid.org/0009-0002-1417-2981
https://orcid.org/0009-0003-9317-3129
https://orcid.org/0009-0006-6786-1595
https://orcid.org/0009-0004-3007-8551
https://orcid.org/0009-0007-6108-3152
https://orcid.org/0009-0003-0213-9655
https://crossmark.crossref.org/dialog/?doi=10.18280/jesa.581112&domain=pdf


 

In addition to the physical challenges of limited land, PCM 

management in Batam is also hampered by a manual and 

unintegrated administration and recording system. This 

creates a number of problems, ranging from difficulties in data 

collection, delays in services, and uncertainty for the public 

seeking information regarding grave availability. The manual 

process also poses the risk of data duplication, irregular grave 

arrangements, and limited transparency in management. For 

grieving families, this situation poses an additional burden, as 

slow access to information can hinder the smooth burial 

process. 

In the era of digital transformation and smart city 

development, the delay in technology adoption in PCM 

management creates a significant gap between community 

needs and government services. Implementing a Smart 

Cemetery System (SCS) is a relevant solution to address this 

challenge. The information technology-based SCS enables 

data integration, digital record-keeping, and more transparent 

and efficient online public services [14]. One of the potential 

supporting technologies is the Geographic Information System 

(GIS), which is capable of managing spatial and non-spatial 

data in an integrated manner [15-17]. 

In this context, Quantum GIS (QGIS) as an open source 

mapping software [18] offers a significant opportunity to 

optimize PCM. With QGIS, cemetery data can be digitally 

mapped, dynamically updated, and easily accessed by both the 

public and administrators. The application of GIS to PCM has 

been shown to improve the accuracy of land mapping, 

facilitate grave location searches, and optimize the use of 

limited cemetery land [19]. Furthermore, GIS-based digital 

mapping can also strengthen the principles of transparency and 

accountability in public services. Through an integrated online 

system, the public can find out land availability, grave status, 

and location in real time, thereby reducing uncertainty and 

increasing service efficiency. 

However, the success of SCS implementation is determined 

not only by the sophistication of the technology used, but also 

by the extent to which the system is designed with cognitive 

ergonomics in mind. In the context of cemetery management, 

system users come from two distinct groups: PCM officers as 

technical operators and the general public as end users. PCM 

officers may be familiar with administrative and technical 

aspects, but not all have sufficient digital literacy to operate 

complex systems. Meanwhile, the general public who must 

access information related to cemeteries or make plot 

reservations often come from diverse backgrounds, including 

those with limited technological knowledge. If the system is 

designed to be too complex or inappropriate for the cognitive 

capacity of users, the technology intended to improve 

efficiency will actually become a barrier to service delivery 

[20]. 

In this framework, the principles of cognitive ergonomics 

play an important role in bridging the gap between technology 

and users [21]. Cognitive ergonomics focuses on how systems 

can be designed to suit human mental capacity, workload, 

perception, and problem-solving abilities, with the aim of 

ensuring fast and responsive human-machine interaction [22]. 

The SCS interface must be simple, intuitive, and adaptive to 

ensure ease of use by anyone, including users with limited 

digital skills. This concerns not only visual clarity and 

navigation, but also how information is displayed, workflows 

are structured, and the extent to which the system reduces the 

cognitive load of its users. By implementing these principles, 

the system can prevent operational errors, speed up the 

information search process, and instill confidence in users in 

utilizing technology. 

Furthermore, the application of cognitive ergonomics in the 

design of the SCS also has significant social implications. An 

inclusive and user-friendly system will encourage broader 

community participation, thereby increasing the legitimacy 

and sustainability of its implementation. In the context of 

public services, technological accessibility for all levels of 

society is a key factor in ensuring the equitable distribution of 

the benefits of digitalization. Therefore, this study positions 

cognitive ergonomics as an integral component in the 

development of the SCS, with the goal of not only creating 

modern technological solutions but also building a system that 

can be accepted, adopted, and optimally utilized by all 

stakeholders. 

The urgency of this research lies in the fact that PCM in 

large cities like Batam faces multidimensional pressures, 

ranging from limited land, rapid population growth, to delays 

in the adoption of digital technology. Therefore, innovative 

technology-based solutions are needed that not only improve 

management efficiency but also consider humanitarian and 

sustainability aspects. This research seeks to develop a QGIS-

based SCS by integrating cognitive ergonomics principles into 

the interface design, thereby creating a modern, inclusive, and 

sustainable PCM system. Thus, this research not only 

contributes to improving public services at the local level but 

can also serve as a model for the development of technology-

based public services in other cities in Indonesia. 

The novelty of this research lies in the integration of a GIS-

based SCS with the application of cognitive ergonomics 

principles in user interface design. Although the use of GIS for 

cemetery mapping has begun to be introduced in several 

countries around the world, most previous research and 

implementations have focused solely on the technical aspects 

of mapping and the efficiency of land management [23]. These 

studies rarely consider how the developed systems can be truly 

accessed and used effectively by the general public with 

varying levels of digital literacy. Therefore, this study presents 

a new approach by emphasizing the importance of human-

centered design, which focuses on the cognitive abilities of 

users, so that the system is not only technically functional but 

also inclusive and easy to use. 

Furthermore, the novelty of this research lies in the context 

of managing public cemeteries in an island city with limited 

land like Batam. Most studies on urban land management 

focus on the housing, transportation, or economic 

infrastructure sectors, while cemeteries rarely receive 

attention despite their high social urgency. By integrating 

cemeteries with smart technology, this research makes a new 

contribution to the discourse on smart cities and technology-

based public services, particularly in previously neglected 

sectors. This broadens the scope of smart system applications, 

which are typically focused on transportation, energy, and 

healthcare, to include socio-cultural sectors that play a crucial 

role in people's lives. 

Furthermore, this study introduces a conceptual model that 

combines QGIS-based digital mapping with a cognitive 

ergonomics-based interface, a technique rarely found in 

previous literature. This integration is expected to produce a 

system that not only optimizes the use of limited cemetery land 

but also improves transparency, public service efficiency, and 

user experience. 

To date, very little research has empirically tested the 

integration of GIS-based cemetery systems with cognitive 
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ergonomics, particularly in the context of developing 

countries. Therefore, this study offers a theoretical 

contribution by enriching the literature on cognitive 

ergonomics and smart systems, as well as a practical 

contribution by developing concrete solutions that can be 

implemented in urban PCM. Based on the problems described, 

as well as the research gap related to the integration of GIS 

technology with cognitive ergonomics principles in PCM, this 

study proposes the development of a SCS through a mixed 

approach. 

 

 

2. LITERATURE REVIEW 

 

2.1 Integration of cognitive ergonomics with smart systems 

 

Cognitive ergonomics emphasizes understanding human 

interactions with systems, including perception, memory, 

information processing, and decision making [24-26]. In a 

broader context, ergonomics can be defined as a scientific 

discipline that studies the relationship between humans, 

technology, and the work environment with the aim of 

optimizing human well-being and improving overall system 

performance [27-29]. In the context of digital systems, this 

principle is crucial for ensuring that interfaces are easy to 

understand and use, especially for users with varying cognitive 

abilities. Designs that ignore cognitive aspects can increase the 

risk of user errors and reduce system efficiency [30-32]. 

For the general public with varying levels of digital literacy, 

cognitive ergonomics is key to ensuring an inclusive and user-

friendly system. This includes the use of easily recognizable 

icons, simple language, and a logical navigation flow. By 

implementing cognitive ergonomics, user interactions with the 

system can be faster, more effective, and minimize errors [33-

35]. Meanwhile, the SCS is an implementation of the smart 

city concept for cemetery management, which integrates 

information technology, GIS, and online services to increase 

efficiency and transparency [36]. This system allows for 

digital recording of burial data, mapping of grave locations, 

and online reservation of burial plots, thereby improving 

services for the public [37-39]. Most research on smart 

systems focuses on technical aspects, such as infrastructure, 

data security, and information processing algorithms, while 

user experience is often neglected [40, 41]. In fact, user 

experience is a key factor in the successful adoption of digital 

systems. A sophisticated system that is difficult to use can 

actually reduce effectiveness and create resistance from users 

[42, 43]. 

 

2.2 Research gap 

 

Research related to smart cities mostly focuses on 

transportation, energy, and administrative services while 

cemetery management rarely receives attention [44-46]. 

Meanwhile, studies discussing SCS tend to emphasize 

technical aspects, such as GIS mapping without highlighting 

user experience and interface design based on cognitive 

ergonomics [47-49]. 

This situation indicates a research gap, particularly 

regarding the integration of digital technology and cognitive 

ergonomics principles in cemetery management in developing 

cities with limited land. Research bridging this gap remains 

very limited, especially that providing empirical evidence 

regarding system effectiveness for end users. 

The integration of cognitive ergonomics into SCS allows for 

a more intuitive system interface, reducing cognitive load, and 

simplifying interactions. These include easy-to-navigate 

digital maps, quick search menus, and consistently presented 

information [50]. This makes the system more inclusive for all 

users, including those who are not familiar with technology. 

Furthermore, the application of cognitive ergonomics also 

increases digital inclusivity, expanding public access to public 

services. This demonstrates that systems that consider 

cognitive capacity can reach previously marginalized user 

groups, including the elderly and individuals with limited 

digital literacy [51, 52]. In the context of SCS, this ensures that 

all levels of society can access funeral information and 

services easily and conveniently. 

Therefore, this research offers novelty by combining a GIS-

based SCS with an interface design that considers cognitive 

ergonomics, resulting in a system that is not only technically 

efficient but also inclusive and easy to use. This research is 

expected to provide theoretical and practical contributions, 

while also providing a foundation for the development of more 

human-centered digital public services in the future. 

 

 

3. METHODOLOGY 

 

3.1 Research design 

 

This study employed a mixed-research design combining 

quantitative and qualitative approaches. The quantitative 

approach focused on the development and evaluation of a GIS-

based SCS and digital management, while the qualitative 

approach emphasized cognitive ergonomics assessments to 

ensure the system was user-friendly for both TPU officers and 

the general public. This design enabled a comprehensive 

evaluation of the system's effectiveness, ease of use, and user 

satisfaction. 

 

3.2 Research location 

 

The research was conducted at the Sei Panas Public 

Cemetery (TPU) in Batam City, Riau Islands, Indonesia, a 

rapidly growing city facing land limitations due to high 

population growth. 

 

3.3 Data collection 

 

A. Spatial and operational data were obtained by mapping 

burial grounds, vacant land, and TPU facilities using 

QGIS. 

B. System usage data was obtained by measuring response 

time, navigation efficiency, and online ordering 

transactions via the SCS prototype. 

C. Interviews and Focus Group Discussions (FGD) were 

conducted with TPU officers and the community to 

understand the current obstacles to cemetery management 

and user needs for the system. 

 

3.4 System development 

 

The SCS prototype was developed through three main 

stages: 

A. Needs Analysis: 

o Identify user needs, workflows, and constraints of 

current cemetery management. 
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o Defines system features, including grave mapping, 

online reservations, and grave information searches. 

B. System Design and Integration: 

o GIS-based digital mapping using QGIS for accurate 

spatial representation. 

o The user interface design is based on the principles of 

cognitive ergonomics, so that it can be used by all 

groups with different levels of digital literacy. 

C. System Implementation and Testing: 

o Implementation of the prototype on selected TPUs. 

o Iterative testing with officers and the public to gather 

feedback and refine the system. 

 

3.5 Instruments 

 

The SUS instrument consists of 10 statements rated on a 

Likert scale of 1–5, covering aspects of ease of use, interface 

consistency, and overall user satisfaction (Table 1). The SUS 

test was conducted on 30 user respondents and 10 TPU 

management respondents at the pre-test stage (before the 

implementation of SILAYA) and post-test (after the 

implementation of SILAYA). The average SUS score was then 

analyzed to determine the level of user acceptance and 

satisfaction with the developed system. After the SUS test, a 

cognitive load analysis was carried out using the NASA-TLX 

(Task Load Index) instrument withThe six main indicators 

measured include Mental Demand (MD), Physical Demand 

(PD), Temporal Demand (TD), Performance (P), Effort (E), 

and Frustration Level (F). 

 

Table 1. Question SUS 

 
No. Question 

1 
SILAYA is difficult to learn and use without special 

training. 

2 
The SILAYA interface makes it easier for me to access the 

available menus. 

3 
SILAYA does not help speed up the process of searching 

and managing document archives. 

4 
This system makes document storage safer and more 

organized. 

5 
Overall, I am not satisfied with using SILAYA for 

archiving activities. 

6 
SILAYA helps me reduce dependence on physical 

documents. 

7 
The SILAYA interface is confusing and not easy to 

understand for new users. 

8 
SILAYA supports the smooth workflow of archiving in 

the institution/organization. 

9 
This system does not provide adequate security assurance 

for digital archives. 

10 
Using SILAYA provides significant benefits compared to 

manual methods. 

 

The System Usability Scale (SUS) instrument was chosen 

because it is a robust and widely used tool in digital system 

usability testing, with the ability to provide reliable benchmark 

values. Meanwhile, the NASA-TLX was used because it 

provides a comprehensive measurement of cognitive workload 

across six dimensions, making it highly suitable for assessing 

user interactions in complex decision-making systems. 

 

 

4. RESULTS AND DISCUSSION 

 

Implementation the SCS through the SILAYA application 

has significantly improved efficiency, transparency, and user 

experience in the management of the Sei Panas Public 

Cemetery (TPU) in Batam. The analysis was conducted by 

comparing the manual system (AS-IS) and the proposed GIS-

based and cognitive ergonomics-based system (AS-To-Do). 

 

4.1 SILAYA application interface display 

 

The SILAYA interface was developed based on cognitive 

ergonomics principles to ensure ease of use for both the 

general public and TPU administrators. The initial appearance 

of the application is shown in Figure 2, namely the SILAYA 

Login and Dashboard pages, the Login page is designed with 

high-contrast text, clear input fields, and large action buttons. 

This design improves visibility, reduces input errors, and 

speeds up user Login. 

After successfully logging in, users are directed to the 

SILAYA Dashboard, which displays four main features: 

Grave Search, Location Map, Booking, and Application 

Status. Each feature is displayed with large icons and easily 

distinguishable visual cards, supporting recognition over 

recall and reducing cognitive load. Consistent bottom 

navigation also helps speed up transitions between menus. 

 

 

 
 

Figure 2. SILAYA Login and Dashboard 

 

4.2 System development 

 

To clarify the integration of SILAYA, Figure 3 presents a 

system architecture consisting of three main layers: the GIS 

Layer, the Application Layer, and the Database Layer. The 

GIS layer handles QGIS-based spatial mapping and generates 

geospatial data in GeoJSON format. The application layer 

handles system logic, including reservation management, 

grave search, authentication, and map display control. The 

database layer stores all information related to graves, users, 

and transactions. Data flows from QGIS to the application 

through spatial synchronization, then is presented to users 

through both the admin interface and the general public. 

 

4.3 Information system design methods 

 

The system design process began with a needs analysis, 

which emphasized identifying cemetery management 

constraints and community information needs. The next stage 

was system design and integration, which involved QGIS-

based digital mapping and the application of cognitive 
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ergonomics principles to the user interface. These stages are 

visualized in Figure 4, which shows the complete flow from 

requirements analysis to system implementation. 

 

 
 

Figure 3. System architecture diagram 

 

 
 

Figure 4. System design methods 

 

Figure 4 shows the system design methodology used in this 

study. It began with a user needs analysis, which involved 

identifying the constraints faced by cemetery managers and 

the community in the cemetery management process. Next, 

system design and integration were conducted, including 

mapping cemetery land using Quantum GIS (QGIS) and 

applying cognitive ergonomics principles to ensure an 

intuitive user interface. The system was then tested at the Sei 

Panas Cemetery to obtain user feedback and evaluate its 

effectiveness in the context of more efficient cemetery 

management. 

 

4.4 System testing methods 

 

Testing was conducted to assess the efficiency and ease of 

use of the SCS. Aspects tested included response time, 

navigation, and online transaction processing speed. The 

testing process is shown in Figure 5. 

System testing was conducted to assess the efficiency and 

ease of use of the SCS. Figure 5 illustrates the testing process, 

which measured response time, navigation efficiency, and the 

processing speed of online burial reservation transactions. The 

testing involved two groups: Cemetery management staff and 

members of the public using the system to search for burials 

or reserve burial plots. 

 

4.5 System analysis 

 

This section discusses a comparison between the existing 

cemetery management system (AS-IS) and the proposed 

system (AS-To Do), and how the new system can improve 

various aspects of cemetery management. 

 

 
 

Figure 5. System testing 

 

4.5.1 AS–IS 

The existing situation (AS-IS) shows that the manual 

system still presents serious challenges, such as data 

duplication, delays in recording, and difficulties in locating 

graves. Figure 6 illustrates the AS-IS flow, which relies 

heavily on manual input. 

 

 
 

Figure 6. AS-IS 

 

The existing system (AS-IS) confirms that the manual 

system creates several obstacles, such as data duplication, 

delays in registration, and difficulties in locating graves 

(Figure 6). This process relies entirely on manual input, 

resulting in inefficiency and minimal transparency. In contrast, 

the proposed system (AS-To Do), visualized in Figure 7, 

integrates online registration, QGIS digital mapping, and 

online grave reservations. The activity diagram (Figure 8), 

context diagram (Figure 9), and data flow diagram (Figure 10) 

demonstrate a more structured, transparent, and real-time 

workflow. This integration aligns with previous research 

findings that digitizing public services can improve data 

accuracy and service accountability. 

 

4.5.2 AS-To Do 

The proposed system (AS-To Do) integrates digital 
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mapping, online record-keeping, and burial plot reservation. 

Figure 7 visualizes the design of this system. 

 

 
 

Figure 7. AS-To Do 

 

4.5.3 Activity diagram 

Figure 8 displays an activity diagram showing the SILAYA 

system workflow, from grave search to land reservation and 

data management. 

 

 
 

Figure 8. Activity diagram 

 

4.5.4 Context diagram 

Figure 9 shows the relationship between the system and 

external entities (officers and the public). 

 

4.5.5 Data flow diagram 

Figure 10 depicts the data flow, from user input to 

processing of ordering information and mapping of graves. 

 
 

Figure 9. Context diagram 

 

 
 

Figure 10. Data flow diagram 

 

4.6 System design results based on cognitive ergonomics 

 

To ensure usability aspects, the interface design was tested 

using cognitive ergonomics principles. A summary of the UI 

elements is presented in Figure 11. 

 

 
 

Figure 11. UI/Cognitive ergonomics mapping 

 

4.7 System design results based on test scenario with Black 

Box system method 

 

Application testing is conducted using the Black Box 

method, which examines system functionality from the user's 

perspective without reviewing the program code. Test 

scenarios are summarized in Table 2. 

 

4.8 System test results using the Black Box system method 

 

Detailed results of the system testing are shown in Table 3, 
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which includes the inputs and outputs of each major function. 

 

Table 2. Application testing scenario tables 

 
Test Class Test Details Method 

Registration as Admin and 

Public User 

Testing is performed by registering a new account in the SILAYA application using a 

full name, email address, and valid password. 
Black Box 

Login as Admin and Public 

User 
Testing is performed by entering a registered email and password. Black Box 

Add Cemetery Block Testing is performed by adding a new cemetery block through the "Sector" menu. Black Box 

Order Confirmation 
Testing is performed when the Admin receives a cemetery booking request from the 

public. The Admin verifies the deceased's data and selects the "confirm" option. 
Black Box 

Edit Deceased Data 
Testing is performed by editing stored deceased data (eg, name, date of death, or other 

details). 
Black Box 

Add News Testing is performed by adding new news articles through the "News" menu. Black Box 

Edit News 
Testing is performed by modifying existing news. Admin can edit the title, content, or 

image. 
Black Box 

Delete News Testing is performed by selecting existing news and clicking the "delete news" button. Black Box 

SILAYA Application Menus 

for Admin 

Sub Menu Description 

Black Box 

a. Sector 

b. Deceased 

c. News 

d. Order History 

Buttons: Add, Edit, Delete, View, Save 

SILAYA Application Menus 

for Public Users 

Sub Menu Description 

Black Box a. Deceased 

b. Order History 
Buttons: Add, Edit, View, Save 

Edit Profile 
Testing is performed by modifying the profile data of Admin or Public User (name, 

email, phone number, password, or address) and saving the changes. 
Black Box 

Log Out Testing this button is performed to ensure it functions properly. Black Box 

System Evaluation for 

SILAYA Application Users 
This test is conducted to determine whether the system meets user requirements. SUS 

 

Table 3. Systems table testing by using Black Box method 

 

No. Test 
Input 

Description 
Expected Output Actual Output UI Location 

1 Registration Name: Angga 

Email: 

angga@gmail.com 

Password: 12345 

Password: 12345 

Action: Press the 

Register button 

 

-The system 

validates data. 

-The system 

displays the 

Login page. 

-No error. 

Registration 

Successful Page; 

successfully 

displayed (PASS) 

 
2 Login with 

valid 

credentials 

Email: Angga 

Password: 12345 

Action: Press the 

Login button 

-The system 

validates email & 

password. 

-Users are 

directed to the 

Dashboard. 

-No error 

messages. 

The system 

successfully displays 

the Dashboard page 

(PASS) 
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3 Admin - Add 

Sector Button 

- Action: Admin 

presses the Add 

button 

- Sector Name: 

“Sector C”- Sector 

“capacity” 

Action: Admin 

presses the 

Confirm button 

-The system saves 

the new sector to the 

database. 

-The system displays 

the message: “Sector 

added successfully”. 

-The sector data 

appears in the sector 

list. 

The system 

successfully added 

sector data and the 

message displayed 

accordingly. 

(PASS) 

 
4 Admin - Add 

News Button 

Action: Admin 

presses the ADD 

button 

- News Name: 

“News” 

Action: Admin 

presses the 

Confirm button 

-The system saves 

new news to the 

database. 

-The system displays 

the message: “News 

added”. 

-News data appears 

in the news list. 

The system 

successfully added 

News and the 

message appears 

accordingly. 

(PASS) 

 
5 Admin - Add 

Deceased 

Button 

Action: Admin 

presses the ADD 

button 

- Data Input 

"Guardian" 

Action: Admin 

presses the 

Confirm button 

-The system saves 

the guardian's data 

to the database. 

-The system 

displays: "Guardian 

Data". 

-Guardian data 

appears in the list of 

guardians. 

The system 

successfully added 

the Guardian Data 

and the message 

appeared 

accordingly. 

(PASS) 

 
6 Admin - Order 

Confirmation 

Button 

Admin opens the 

Order menu 

-The system displays 

all incoming orders. 

Each order is 

displayed in a card 

containing: the name 

of the person 

ordering, type of 

service/plot, date, 

and status. 

The system displays 

a complete list of 

orders according to 

the data (PASS) 

 
7 Admin - 

Deceased Data 

Admin opens the 

Deceased Data 

menu 

-The system displays 

a list of stored 

bodies, each 

containing: name of 

the body, date of 

death/burial, 

sector/plot, and 

status. 

The complete list of 

bodies is displayed 

according to the 

existing data (PASS) 
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8 Public - Add 

Deceased 

Button 

User opens Public 

– Deceased page 

-The Add Deceased 

button appears in the 

bottom right area 

(FAB) or header 

section. 

The Add Deceased 

button appears as 

designed (PASS) 

 
9 Public - Edit 

Profile 

Public users open 

the Edit Profile 

menu 

- The system 

displays a form 

containing the 

following fields: 

Full Name, Email, 

Telephone Number, 

Address, and an 

Update Profile 

button. The user's 

old data is 

automatically filled 

in. 

The Edit Profile 

form appears 

complete and all 

user data is 

automatically filled 

in (PASS) 

 
10 Log Out The user presses 

the Logout button 

on the profile 

menu/nav bar 

-The system deletes 

the user session- The 

system redirects the 

user to the Login 

page. 

-There is no access 

to pages that require 

authentication. 

The system deletes 

the session and 

redirects to the 

Login page without 

error (PASS) 

 

 
 

4.9 Test results with the SUS 

 

The usability aspect of the system was tested using the SUS 

on 30 community respondents and 10 TPU managers. The test 

results showed a significant increase in the average SUS score, 

increasing from 62.3 in the pre-test to 81.7 in the post-test for 

the user group (Figure 12), and from 57.5 to 89.5 for the 

manager group (Figure 13). The results of the SUS test showed 

a striking difference between conditions before and after the 

implementation of SILAYA in two groups of respondents, 

namely users and TPU managers (Figure 14). This increase of 

more than 30% confirms that the cognitive ergonomics-based 

interface design successfully produced a system that is 

intuitive, simple, and easy to use. According to SUS 

interpretation standards, a score above 80 is included in the 

excellent usability category. So SILAYA can be said to have 

a high level of acceptance among both users and 

administrators. This aligns with previous research confirming 

that user-oriented interface design systems will increase 

satisfaction, interaction consistency, and acceptance of digital 

systems. 

To ensure the quality of the instrument, an internal validity 

analysis was conducted on the SUS questionnaire. From 30 

community respondents, the analysis results showed that the 

corrected item–total correlation values for all 10 items ranged 

from 0.175 to 0.639, which meets the general feasibility limit 

of 0.17–0.30 in standard psychometric instruments. 

Furthermore, a Cronbach's Alpha value of 0.87 indicates an 

excellent level of internal consistency. Therefore, the SUS 

instrument used in this study can be declared valid and reliable 

for assessing perceived ease of use of the SILAYA system. 

 

 
 

Figure 12. SUS user pre-test and post-test questionnaire 

results 
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Figure 13. SUS pre-test and post-test questionnaire results 

for cemetery managers 

 

 
 

Figure 14. Comparison of SUS score users vs managers 

 

4.10 Results of cognitive load measurement with NASA-

TLX 

 

Cognitive workload testing was conducted using NASA-

TLX on the same group of respondents, namely 30 community 

members and 10 TPU managers. This instrument was used to 

assess changes in mental and physical difficulty levels during 

SILAYA use through pre-test and post-test stages. The six 

main dimensions measured included Mental Demand (MD), 

Physical Demand (PD), Temporal Demand (TD), Performance 

(P), Effort (E), and Frustration (F), as summarized in Table 4. 

The measurement results showed a significant decrease in all 

indicators after SILAYA implementation, which illustrates a 

reduction in mental burden and increased efficiency of system 

use. 

 

Table 4. Comparison of average scores of NASA-TLX 

indicators 

 

Indicator 
Pre-Test 

(Manual) 

Post-Test 

(SILAYA) 
Change 

Mental Demand 

(MD) 
68.23 35.00 Low 

Physical 

Demand (PD) 
68.14 30.00 Low 

Temporal 

Demand (TD) 
58.82 32.00 Low 

Performance (P) 72.64 38.00 Low 

Effort (E) 74.70 34.00 Low 

Frustration (F) 50.29 28.00 Low 

WWL Average 68 (High) 33 (Low) Significant 

 

The internal validity of the NASA-TLX also demonstrated 

strong consistency. All six NASA-TLX dimensions had an 

item-total correlation of 0.740, indicating a strong contribution 

from each dimension to the total workload score. A Cronbach's 

Alpha of 0.658 also demonstrated adequate reliability, 

especially considering the small sample size typically used in 

operator workload studies. These results confirm that the 

NASA-TLX instrument in this study is valid and reliable for 

assessing cognitive workload in the context of using a digital 

cemetery management system. 

These changes are further visualized in Figure 15. 

 

 
 

Figure 15. Comparison of NASA-TLX pre-test vs post-test 

(SILAYA) 

 

The NASA-TLX results showed a significant decrease in all 

indicators. The average Workload Weight Level (WWL) 

decreased from 68 (high category) in the manual system to 33 

(low category) after the use of SILAYA (Table 4, Figure 12). 

The largest decreases occurred in the Effort (74.7 to 34.0) and 

Performance (72.6 to 38.0) aspects, indicating that the system 

successfully reduced cognitive load by more than 50%. These 

results confirm that the application of human-centered design 

principles is effective in improving user interaction, in line 

with cognitive ergonomics theory. 

In addition to improving technical efficiency, SILAYA also 

plays a strategic role within the framework of smart city 

development. This system functions as a long-term spatial 

planning instrument through GIS-based digital mapping, 

while simultaneously increasing the transparency of public 

services. However, successful implementation is still 

influenced by the readiness of digital infrastructure and public 

technological literacy. Support from local government policies 

and integration with the population administration system are 

crucial factors for the system's sustainability and replication in 

other cities. This aligns with previous research that emphasizes 

the importance of synergy between technology, governance, 

and social readiness in the adoption of digital-based public 

services. 

 

4.11 System implications for governance, transparency, 

policy integration and system limitations 

 

The implementation of SILAYA not only improves 

technical aspects such as efficiency, ease of use, and reduced 

cognitive load, but also has a strategic impact on cemetery 

governance at the local government level. By digitizing GIS-

based cemetery recording and mapping, this system 

strengthens the principles of good governance, particularly in 

terms of transparency, accountability, and the integration of 
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public service policies. 

First, service transparency is significantly improved 

through the real-time presentation of burial plot information. 

The public can access land status, burial locations, and 

reservation history without having to go through lengthy 

administrative processes. This reduces the potential for errors, 

data manipulation, and information conflicts that often occur 

in manual systems. 

Second, SILAYA strengthens the accountability of TPU 

managers because all transactions, data updates, and 

verification processes are automatically recorded in the 

system. An audit trail mechanism allows for objective 

monitoring of officer performance and minimizes the risk of 

abuse of authority. These findings align with smart governance 

literature, which emphasizes the role of digitalization in 

improving the reliability of public administration. 

Third, from a policy perspective, GIS-based SCS has great 

potential as a long-term spatial planning tool, especially for 

cities facing land constraints like Batam. Integrated spatial 

data helps the government: 

• new cemetery zoning planning, 

• land requirement projections based on demographic 

trends, 

• service load analysis, and 

• preparation of more adaptive spatial planning 

regulations. 

This makes SILAYA not only a daily operational tool, but 

also a strategic foothold to support the integration of smart city 

policies and data-based public asset management. 

Fourth, SILAYA also strengthens the public participation 

dimension, allowing the public to interact directly with data 

and services without technical barriers. This increased 

accessibility encourages broader use of digital services, 

including by vulnerable groups and the elderly, thereby 

increasing the inclusiveness of funeral services. 

While SILAYA offers significant improvements in service 

efficiency and ease of use, the system still has several 

limitations. First, the quality of the spatial data used is highly 

dependent on the accuracy of the initial mapping, so in areas 

with incomplete data, the digitization process can take longer. 

Second, the performance of the GIS-based map viewer can be 

affected by network limitations in the cemetery area, 

especially in locations with unstable internet access. Third, 

variations in the community's digital literacy levels can affect 

the speed of initial adoption, so guidance or brief training is 

still needed. 

In terms of scalability, SILAYA has high potential for 

implementation in other cities because the system architecture 

is modular and easily configured to suit each region's 

administrative regulations and cemetery structures. The 

cognitive ergonomics approach used is universal, allowing for 

seamless implementation. As long as data and infrastructure 

support are available, the system can be replicated as part of 

Smart City initiatives across multiple regions. 

 

 

5. CONCLUSION 

 

This study shows that the integration of GIS technology and 

cognitive ergonomics principles in the development of a SCS 

through the SILAYA application significantly improves the 

quality of public cemetery management. This system is proven 

to be able to overcome various weaknesses in manual 

administration, as reflected in the results of the usability and 

mental workload evaluation. The SUS score increased from 

62.3 to 81.7 in the user group and from 57.5 to 89.5 in the TPU 

managers, thus entering the excellent usability category with a 

high level of acceptance. In parallel, the NASA-TLX score 

decreased from 68 to 33, which represents a reduction of more 

than 50% in respondents' cognitive load. These results confirm 

that the application of human-centered design principles not 

only improves system usability but also reduces mental stress 

and improves user performance. 

Theoretically, this study enriches the literature on the 

integration of cognitive ergonomics with digital-based public 

service systems, an area that is still rarely researched. 

Practically, SILAYA presents an adaptive, inclusive, and 

sustainable public cemetery management model for cities 

facing land constraints. Future research is recommended to 

expand validation with a larger and more diverse sample size, 

and integrate new technologies such as the Internet of Things 

(IoT), predictive analytics, and artificial intelligence to 

strengthen the role of SCS in smart city ecosystems. 
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