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eDROMIS: ENHANCING DISASTER RESPONSE THROUGH
MONITORING AND INFORMATION MANAGEMENT
WITH GIS INTEGRATION
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Abstract — The electronic disaster response
operations monitoring information system is a
web-based platform designed to help collect,
consolidate, organize, and present post-disaster
data. It aimed to address the increasing need
for accurate and timely data as a reference for
decision-makers in disaster response operations.
The iterative waterfall model was used to de-
velop the system. ISO 25010 software quality
evaluation results indicate that the system has
met the users’ needs and requirements and im-
proved their productivity, job performance, and
effectiveness. The high ratings for user accep-
tance indicate high acceptability. To enhance the
developed system, integrating short messaging
system notifications for aid requests is recom-
mended to facilitate timely receipt and prompt re-
sponse. Moreover, expanding this functionality to
encompass a broader scope, including regional
and national levels, can further optimize disaster
response efforts.

Keywords: disaster response, geographic in-
formation systems (GIS), ISO 25010, Open-
StreetMap.

I. INTRODUCTION

The Philippines is one of the countries most
susceptible to the effects of climate change and
natural disasters [1]. The government has experi-
enced significant loss of life, displaced thousands
of individuals, and damaged the economy due to
floods, typhoons, volcanic eruptions, and earth-
quake [2]. Southern Leyte, Philippines, is among
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the provinces most susceptible to earthquakes due
to an active volcano and the Philippine fault line
crossing the eastern part of the province. More-
over, due to its geographical location facing the
Pacific Ocean, numerous weather disturbances
are experienced annually. In 2021, the onslaught
of super typhoon Odette, internationally known
as typhoon Rai, in the province resulted in 13
deaths and massive destruction, rendering thou-
sands of families homeless, with over twenty-
eight thousand individuals temporarily residing
in evacuation centers [EC] [3].

The frequency and intensity of disasters have
heightened the need for efficient and effective
disaster response operations. The availability of
timely and accurate information for disaster re-
sponse is essential [4]. Information systems (IS)
have played a vital role in the information ex-
change that local governments need [5]. IS also
improves situational awareness, which is critical
for effective decision-making and coordination
during disaster response operations [6, 7]. The
advancements in IS include the integration of
geographic information systems (GIS), which
provides tools for map generation, data inte-
gration, and support during the various phases
of a disaster, including the identification of the
best evacuation routes, the distribution of aid
to the affected communities, and monitoring re-
sponse efforts [8]. OpenStreetMap (OSM), a free
and open geospatial data crowd-sourced mapping
tool, has revolutionized how data is collected,
shared, and presented and has proven great po-
tential in disaster management [9, 10].

Republic Act No. 10121 [11] defines disaster
response as the ‘provision of emergency services
and public assistance during or immediately after
a disaster to save lives, reduce health impacts, en-
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sure public safety, and meet the basic subsistence
needs of the people affected. Disaster response
predominantly focuses on immediate and short-
term needs and is sometimes called ‘disaster
relief” [11]. To effectively provide for the ne-
cessities of the affected families, the Department
of Social Welfare and Development (DSWD),
through Memorandum Circular No. 20, series of
2019 [12], provides a disaster response operations
monitoring center (DROMIC) reporting guideline
that serves as a crucial roadmap for disaster
response in the Philippines. This reporting guide-
line aims to standardize data collection, report-
ing, and dissemination procedures throughout the
disaster management cycle.

Despite the country’s vulnerability and suscep-
tibility to disasters, limited information technol-
ogy (IT) solutions were developed for disaster
response to provide DSWD with a tool to facil-
itate prompt and efficient delivery of immediate
needs to the affected communities. One is the
community-based management information sys-
tem (MIS) for disaster management in the Philip-
pine setting [13]. This study developed MIS,
comprising modules like community registration,
emergency evacuation, search and rescue, dona-
tion management, weather forecasting, live data
visualization, and GIS. While this study offers
an innovative solution, the data collected from
individuals does not align with the DROMIC
reporting guidelines, a reportorial requirement of
DSWD.

In the remote province of Southern Leyte,
Philippines, the Municipal Social Welfare and
Development Office (MSWDO) in Bontoc, re-
sponsible for disaster response operations, still
relies on the traditional method of collecting
data with paper and pen, followed by manual
entry into spreadsheet software. This methodol-
ogy poses significant challenges as it is prone
to errors and lacks scalability [14]. This method
is also susceptible to the risk of misplacement
or damage, which can compromise the integrity
and availability of the data. Additionally, retriev-
ing needed data from physical documents can
be time-consuming, impeding timely decision-
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making and response efforts [15].

To meet the increasing demand for precise
and up-to-date information, there is a need to
ensure that the DROMIC reports are prepared
correctly and efficiently. Thus, the electronic
disaster response operations monitoring system
(eDROMIS) was designed to establish a web-
based platform to collect data on affected indi-
viduals within and outside the evacuation cen-
ters. The data collected include the names of
household heads and their members and their
demographics (age, sex, solo parent, pregnant,
IPs, lactating mother, senior citizen, PWD, 4Ps
beneficiary, and others). eDROMIS streamlines
searching and updating records as needed, even
before a calamity strikes. Furthermore, the sys-
tem generates various informative reports, in-
cluding lists of affected individuals by barangay,
impacted residences, lifeline statuses, and vital
statistics, aiding in informed decision-making and
resource allocation. Additional system features
include recording and distributing received dona-
tions and soliciting necessities for affected fami-
lies. Local weather data available on the internet
is also integrated into the system. Moreover, visu-
alizing data through map overlays and integrating
datasets such as evacuation centers and essential
data onto OSM empowers local authorities to ac-
cess critical metrics via a dashboard, facilitating
monitoring and aiding in planning and decision-
making processes.

II. METHODS

A. Research design

This study employed the developmental-
evaluative approach, as outlined by Patton [16].
This approach leverages systems thinking to
foster innovation by collecting and analyzing
real-time data. It supports informed, iterative
decision-making throughout the design, devel-
opment, and implementation stages, ensuring
continuous improvement and responsiveness to
emerging needs.

The study utilized the modified waterfall
model (Figure 1) as the software development
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lifecycle methodology for this study. This ap-
proach followed the phases, including require-
ment gathering, design, implementation, testing,
and operation and maintenance. This improved
version solves the limitations of the traditional
waterfall model and allows developers to return
to previous phases of development to make ad-
justments should the need arise.

Requirement
Gathering

Testing

Operation and
Maintenance

Fig. 1: Modified waterfall model

The first phase of the model is the requirement
gathering. This phase involved identifying the
software and hardware prerequisites for the sys-
tem’s functionality. To gain valuable insights into
disaster response operations, informal interviews
were conducted with MSWDO personnel, and
sample reports were collected. Furthermore, the
researchers used the DROMIC reporting guide-
line to identify the data to be collected for the
system’s functionality.

The next phase, design, established the founda-
tion for the project by creating a comprehensive
blueprint. It included detailed descriptions of
procedural design, data dictionary, user interface
design, and other relevant diagrams. Figure 2
illustrates the functional decomposition diagram
of eDROMIS, delineating the system into smaller
components and the functionalities for each type
of user. Following this, the implementation phase
involved the actual development of eDROMIS
based on the requirements and designs specified
in the earlier stage. It involved translating the de-
sign specifications into executable code, building
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and configuring the software components, inte-
grating various modules, and conducting testing
to ensure the system functions as intended.

The testing phase came next which included
the conduct of unit testing with each compo-
nent of eDROMIS tested for correctness. The
MSWDO personnel and IT experts systematically
tested each component using crafted test scripts.
These scripts provided detailed instructions and
scenarios to assess the functionality of individual
units within the system to ensure that all compo-
nents perform correctly and identify defects early
in the development process. Furthermore, system
testing ensured that all components or modules
worked harmoniously as a unified system.

The final phase, operation, and maintenance,
involved the deployment of eDROMIS. Currently,
efforts are underway to formalize the adoption
and utilization of eDROMIS. To maintain the sys-
tem’s smooth operation and address unforeseen
errors during earlier development and testing
stages, the system will undergo regular monitor-
ing and maintenance. This ensures the system’s
reliability and provides opportunities for periodic
updates and enhancements to improve eDROMIS
over time.

ELECTRONIC DISASTER RESPONSE OPERATION
MONITORING AND INFORMATION SYSTEM (eDROMIS)

‘ ADMIN ‘ ‘ AMSWDO ‘ ‘ BARANGAY ‘ ‘ MUNICIPAL ‘ ‘ VIEWING
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Update Maps
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Manage Barangay
Accounts

Fig. 2: Functional decomposition diagram

B. Research instrument

The target users evaluated the system using
the ISO 25010 quality model as the standard
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framework to assess its functionality, efficiency,
compatibility, usability, reliability, security, main-
tainability, and portability. The limits of scale and
the qualitative description for the technical eval-
uation for the developed system was presented
from Table 1 to Table 8. In addition to the

Table 1: Limits of scale for functional indicator

Limits of scale Qualitative description
4.21-5.00 Fully functional
321-420 Mostly functional
261-3.20 Functional
1.81-2.60 Slightly functional
1.00-1.80 Not functional

Table 2: Limits of scale for efficiency indicator

Limits of scale Qualitative description
421-500 Very efficient
3.21-4.20 Mostly efficient
261-320 Efficient
1.81-260 Slightly efficient
1.00-1.80 Not efficient

Table 3: Limits of scale for usability indicator

Limits of scale Qualitative description
421-500 Very usable
321-420 Mostly usable
261-320 Usable
1.81-2.60 Slightly usable

Table 4: Limits of scale for maintainability
indicator

Limits of scale Qualitative description
421-5.00 Very maintainable
321-420 Mostly maintainable
261-320 Maintainable
1.81-2.60 Slightly maintainable
1.00—-1.80 Note maintainable

technical assessment, understanding user experi-
ences and satisfaction is crucial for the successful
adoption of eDROMIS. An adapted version of
Davis’ [17] user acceptance survey was used to
gather these insights. This survey evaluated the
system’s perceived ease of use and usefulness,
providing valuable feedback on how effectively
eDROMIS meets user needs. The respondents
are presented with five responses, ranging from
Strongly disagree (1) to Strongly agree (5). Table
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Table 5: Limits of scale for reliability indicator

Limits of scale Qualitative description
421-5.00 Very reliable
3.21-420 Mostly reliable
261-320 Reliable
1.81-2.60 Slightly reliable
1.00-1.80 Not reliable

Table 6: Limits of scale for portability indicator

Limits of scale Qualitative description
421-5.00 Verv rortable
3.21-420 Mostly rortable
261-320 Portable
1.81 -2.60 Slightly rortable
1.00-1.80 Not rortable

9 presents the interpretation guide for the user
acceptance evaluation.

C. Data gathering

A quantitative approach was utilized to gather
data for evaluating eDROMIS. The study in-
volved MSWDO personnel from LGU-Bontoc
and IT experts, selected to provide insights into
the system’s technical performance. Convenience
sampling was used to select MSWDO person-
nel, considering their role as primary users of
eDROMIS. For IT experts, purposive sampling
was employed to identify individuals with rele-
vant qualifications and experience in IT system
management. These participants were invited to
contribute to the study based on their expertise.
Descriptive analysis was conducted using a mean
statistical approach to derive insights from the
collected data.

III. RESULTS AND DISCUSSION
A. The developed system

The eDROMIS is web-based system that aims
to help improve the needed data by the MSWDO
as required in Memorandum Circular 20 series
of 2019 of the Department of Social Welfare
and Development, Philippines [12]. eDROMIS
include the following key features.

Collaborative data acquisition: Streamlines
the data acquisition process for MSWDO person-
nel, with potential support from barangay local
authorities for record collection and updates.
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Table 7: Limits of scale for security indicator
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Table 9: User acceptance scoring

Limits of scale Qualitative description and jnterpretation
‘;Ei :i Eg tulzrs‘;]s,eme Range of score erbal rating Qualitative description i

= = = Y secufe The system user agrees with
2.61-320 Secure 421-500 Strongly agree the statement without

1.81 -2.60 Slightly secure reservations.
1.00-1.80 Not secure The system user agrees with
341-420 Agree the statement with

reservations.

Table 8: Limits of scale for compatibility The system user cannot
. g 261-340 Undecided decide whether to agree or
indicator disagree with the statement.

Limits of scale Qualitative description The system user disagrees
421-500 Very compatible 1.81-2.60 Disagree with the statement with
3.21-420 Mostly compatible reservations
2.61—-3.20 Compatible ) The system user strongly
181-260 Slightly compatible 1.00-1.80 Strongly disagree dlfsaglees with Fhe statement
1.00—180 Not compatible without feservations

Household management: Collects demo-
graphic profile of the residents collected by the
MSWDO personnel and/or local authorities. This
profiles individuals according to key characteris-
tics (such as senior citizens, solo parents, persons
with disabilities, pregnant, and others) that help
local authorities understand the unique needs
especially those who belong to the vulnerable
sectors of the community (Figure 3). This allows
data collection and updates to occur preemp-
tively, even before a disaster occurs.

Evacuation center management: Allows
plotting of geolocation of evacuation centers
in each barangay. Facilities like the availability
of toilets, bathrooms, sleeping quarters, water,
and others can be added. Furthermore, it allows
adding and removing residents who are staying
in the evacuation center.

Donation management: Provides a module
for recording incoming donations as well as
managing the distribution of relief goods. Lo-
cal authorities (barangay) may request the relief
goods that they need. This ensures that their most
immediate needs are raised to the MSDWO and
that appropriate actions may be undertaken.

Geospatial visualization: Enhances data pre-
sentation by integrating OpenStreetMap, overlay-
ing evacuation centers with pertinent data like
available facilities and number of residents inside
evacuation centers. Additionally, relevant lifeline
statuses are superimposed on the OSM inter-
face, providing a comprehensive geographical

= Barangay Members 0O

name AGE GENDER PREGNANI PWO LAGIATING SOLOPARENT INDIGENOUS PANTAWID WEAD DELETE  EOIT

Fig. 3: UI for household management

context and aiding in informed decision-making
(Figure 4).

= Evacuation Centers (9]

Brgy Anahao Gym

FACILITIES

1Tollet

Fig. 4: UI for evacuation management
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Reporting and dashboarding: Provides re-
porting and dashboarding features for tracking
key indicators, monitoring response activities,
and reporting to stakeholders. Data displayed on
the dashboard vary depending on the type of user.
The system enables the generation of various
reports, including lists of household members
both inside and outside evacuation centers, resi-
dents belonging to vulnerable sectors, aid details,
essential lifeline statuses, damage reports, and
other related information. It provides filtering
options to refine the data according to specific
demographic groups (Figure 5, Figure 6).

® DROM Dashboard

Good Day Anahao 5

Status Life Line

4
Lactating 3 Solo Parents =
" Moth,
3 1
Indi Infant
igen Disaster Report
0 1
Toddler School Age
w0 @
4 16
m Pantawid Anahao

Fig. 5: Dashboard (Barangay level)

TYPHOON DROMIC REPORT
Asof June 07, 2024

Fig. 6: Damage report (sample)
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Offline data synchronization: This feature
enables data entry and updates even in areas
with limited or no internet connectivity. A user-
friendly interface allows users to input data dur-
ing such periods, which can later be synchronized
by uploading the encoded data into the system’s
database.

Lifeline management: Provides updates on
the status of essential services and infrastructure
such as communication, energy, transportation,
water, and others.

B. Evaluation results

Table 10 reveals the results of the system eval-
uation. The 5.0 mean under functionality demon-
strates that the system performs the required tasks
and that it functions as expected. In terms of
reliability, the system is rated to be very reliable
with a mean of 4.31. This indicates that the
majority of the system’s flaws have been elimi-
nated over time and that the system is capable of
handling errors. Under usability, the mean result
suggests that eDROMIS is user-friendly as users
can easily navigate, learn, and comprehend the
system operations. The system is also considered
very efficient since the system responds quickly
to the user and the execution time is appropriate.
On the other hand, maintainability got a 4.33
mean suggesting that the system continues func-
tioning when changes are made and the software
can be tested easily. Under Portability, a mean
of 5.0 was computed which indicates that the
system can be moved to different environments
easily. Moreover, security with a 4.75 average
demonstrates that prevents unauthorized access
and modification to computer programs and/or
data and requires user authentication to ensure
data confidentiality. Finally, under compatibility,
the 4.25 mean indicates that the system efficiently
performs its required functions while sharing a
common environment and resources without neg-
atively impacting performance. User acceptance
evaluation result in Table 11 shows an overall
mean score of 4.62 for perceived usefulness.
Perceived usefulness is the degree to which a user
believes using a particular system would enhance
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Table 10: System evaluation of eDROMIS

Criteria Mean Interpretation
Functionality 5.00 Fully functional
Reliability 431 Very reliable
Usability 488 Very usable
Efficiency 5.00 Very efficient
Maintamnability 33 Strongly agree
Portability 5.00 Strongly agree
Security 475 Very secure
Compatibility 425 Very compatible

their job performance and efficiency [18]. The
high rating underscores the users’ confidence
in the system’s ability to meet their needs ef-
fectively. Moreover, it indicates that the system
has notably enhanced users’ job performance,
effectiveness, and efficiency. Similarly, perceived
ease of use shown in Table 12, defined as the
ease of grasping or utilizing an innovation [19],
garnered a mean score of 4.40. This indicates
users’ strong agreement that the eDROMIS is
user-friendly, simple, and easy to understand. The
system’s intuitive functionality encourages full
adoption by users.

The high scores for perceived usefulness and
ease of use demonstrate that eDROMIS is well-
received by its users. The system is perceived as a
valuable tool that enhances job performance and
a user-friendly platform that facilitates ease of
operation. These positive perceptions are crucial
for the successful adoption and continued use of
eDROMIS.

Table 11: Perceived usefulness of eDROMIS

Perceived usefulness Mean
Using eDEROMIS in my job would
enable me to accomplish tasks more 4.6
quickly
Using eDROMIS would improve my
) 4.7
j0b performance.
Using eDROMIS in my job would 45
increase my productivity )
Using eDROMIS would enhance my
- - 4.4
effectiveness on the job
Using eDROMIS would make 1t easter 16
to do mv job )
I would find eDROMIS useful in my job 49
Overall mean 4.62
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Table 12: Perceived usefulness of eDROMIS

Perceived ease of use Mean
Learning to operate eDROMIS would be 45
easy for me. i
I would find it easy to get eEDROMIS to 44
do what [ want 1t to do. )
My imnteraction with eDROMIS would 45
be clear and understandable. )

I would find eDEOMIS to be flexible to 42

interact with. )

It would be easy for me to become 44

skillful at using eDROMIS. |

I would find eDROMIS easy to use. 44
Overall mean 4.40

IV. CONCLUSION AND
RECOMMENDATION

The development of eDROMIS effectively pro-
vides a solution to address the challenges en-
countered by the MSWDO in managing disaster-
related data. By transitioning from traditional
methods to a digital platform, eDROMIS stream-
lines data gathering, organization, and presenta-
tion processes. This shift improves efficiency, ac-
curacy, and accessibility, empowering MSWDO
personnel to deliver timely assistance during
crises, and enhancing decision-making capabil-
ities at the local level. It has served as a valu-
able tool for enhancing disaster risk manage-
ment and building community resilience. By
facilitating better coordination, communication,
and decision-making, eDROMIS helps local au-
thorities and communities become better pre-
pared, more resilient, and more capable of re-
sponding to and recovering from disasters. With
eDROMIS, generating necessary reports becomes
easy, streamlining the process and saving valu-
able time and resources. It minimizes the need
for repeated data collection during each disaster
event, instead an efficient updating of records
is provided. By harnessing GIS technology,
eDROMIS can now visualize and analyze data in
a spatial context, providing users with dynamic
maps that display the locations of evacuation
centers, along with relevant information such as
capacity, facilities, and accessibility.

The ISO 25010 evaluation result suggests that
it has a high potential for adoptability. Adoption
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of eDROMIS could bring beneficial effects, par-
ticularly in addressing the immediate needs of
the affected individuals and barangays, thereby
enhancing disaster response effectiveness and
community resilience.

Pivotal work on perceived usefulness and per-
ceived ease of use has been widely cited in tech-
nology adoption studies [20, 21] which demon-
strated a significant and positive association be-
tween these factors and consumers’ intention to
adopt technologies. Thus, it can be inferred that
users perceive eDROMIS favorably, given the
high evaluation results on its perceived ease of
use and perceived usefulness. This suggests that
eDROMIS is likely to be well-received and has a
strong potential for adoption among its intended
users.

To enhance the quality and effectiveness of
eDROMIS, incorporating SMS notifications for
‘request for aid’ can significantly improve re-
sponse times and ensure prompt assistance. This
feature enables quick receipt and response to
aid requests, thereby streamlining communica-
tion between stakeholders and affected individ-
uals. Moreover, expanding this functionality to
encompass a broader scope, including provin-
cial, regional, and national levels, can further
optimize disaster response efforts. By enabling
seamless communication and coordination across
various administrative levels, eEDROMIS becomes
a comprehensive tool for facilitating rapid and
coordinated assistance during emergencies.
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