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This case study examines the PDMA Madadgar Android-based App, developed
as Pakistan’s pioneer disaster risk communication platform for communities in
Khyber Pakhtunkhwa province. Building on our previous work, which outlined
the App’s conceptual design and architecture, this study presents findings on
testing, evaluation, and the final product, i.e., the PDMA Madadgar App. We have
used the Design Sciences Research methodology to collect, co-create, analyze,
and present the data. A purposive sampling method was used for the selection
of respondents, and the total sample size of the study at multiple stages was
49. Data regarding the app testing were collected through the observation
method, and data for evaluation were collected through a questionnaire.
The app underwent rigorous testing phases and control evaluation. Results
indicate higher levels of interest and satisfaction of the research participants
with Madadgar’'s interactive features, real-time updates, and volunteer
engagement mechanisms. Testing and evaluation of the results reveal a very
strong endorsement and likeness for Madadgar features, i.e., early warning (86%),
community empowerment in disaster reporting (63.3%), volunteer engagement
(63.3%), and locating evacuation centers (53.3%). Besides, the participatory
development methodology adopted for Madadgar is also guiding relevant
professionals in the development of smart solutions for risk communication in
the field of disaster risk reduction and climate change adaptation. Madadgar's
front-end, back-end, and database were publicly released on GitHub, enabling
developers and agencies to adapt and replicate the technology for disaster
risk reduction in various regions.
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Highlights

« PDMA Madadgar App is Pakistans pioneer disaster risk
communication platform for communities.

o Madadgar ensures access to early warning and empowers
communities to report incidents of disasters.

« Results show high user satisfaction with Madadgar’s interactive
features and real-time updates.

» Madadgar’s open-source approach enables global adaptation and
replication for disaster risk reduction.

Introduction

The world witnessed a record number of 399 disasters related to
natural hazards in 2023. These disasters affected 93.1 million people,
killed 86,473, and caused USD 202.7 billion in economic losses (EM-
DAT, 2024). A similar scenario was also observed in the year 2022
with documentation of 387 disasters, causing the deaths of 30,704
people, affecting 185 million, and economic losses of USD 223.8
billion (EM-DAT, 2023). In both these years, Pakistan was severely hit
by climate-induced disasters due to its high vulnerability to the
adverse impacts of climate change. Pakistan witnessed torrential rains,
and a combination of flash, urban, and riverine floods created an
unprecedented disaster in 2022. The government declared 94 districts
as calamity-stricken. The flood killed 1700 people and affected 33

million, including 8 million displaced people (Government of

Pakistan, 2022). In the 2022 monsoon season, rainfall was equivalent
to nearly 2.9 times the national 30-year average. Another major
disaster in 2022 was a snowstorm (16 Inches) that hit the Galyat and
Murree regions and killed 22 people, mainly stranded in their cars,
who died due to suffocation or cold (Ibrahim et al., 2024; Batool et al.,
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2024). A forest fire in 2022 resulted in the loss of lives and caused
significant economic costs for local communities. In the Sherani
forests of Balochistan, more than 0.9 million pine-nut-bearing trees
were burnt in the blaze, and it took 13 days to extinguish. The
estimated economic impact on the local community per year is USD
18.6 million, as pine nuts are the main source of livelihood on both
sides of the forests (Shahid, 2024). In 2023, Biparjoy, a severe cyclonic
storm, originated in the Arabian Sea. It was the longest cyclone, lasting
13 days and 3 h in the Arabian Sea, covering a 2,500 km transitional
distance (Government of Pakistan, 2023b). In April 2024, the United
Nations satellite imagery analysis revealed that about 9,000 km? of
land was affected by floodwater. An estimated 1.5 million people
remained exposed to the flooded area. The floods damaged more than
6,000 housing units and killed 124 people (Ibrahim et al., 2025;
UNOCHA, 2024). Pakistan also experienced unprecedented
temperatures in 2024, with the heat wave intensifying the climate
crisis, reaching record-breaking highs of 52°C in Jacobabad (Anwar,
2025; Siddiqui et al., 2025).

These recent episodes of climate change-induced disasters reveal
that the country has suffered significantly from disasters (Tayyab et al.,
2024; Ullah et al., 2018). It also highlights the existing vulnerabilities
at the grassroots levels. The government at the national and provincial
levels has promulgated laws and policies to counter disaster impacts,
but financial constraints and political instability reduce the capacity
to invest in disaster risk reduction (DRR) at all levels (Khan et al.,
2024; Hussain et al., 2023; Khan et al., 2022). These policies include
the National Disaster Management Act 2010 (Government of
Pakistan, 2010), National Disaster Risk Reduction Policy (Government
of Pakistan, 2013), National Disaster Management Plans 2024-34
(Government of Pakistan, 2024), National Climate Change Act 2017
(Government of Pakistan, 2017), Climate Change Policy (Government
of Pakistan, 2021), and National Climate Change Adaptation Plan
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(Government of Pakistan, 2023a). Institutions, like the Ministry of
Climate Change, National Disaster Management Authority (NDMA),
Provincial Disaster Management Authorities (PDMAs), and District
Disaster Management Authorities (DDMAs) have been established to
execute preparedness, mitigate risk, and respond to disasters, as well
as design and implement recovery strategies in case of a disaster (Jan
and Muhammad, 2020). Parallel to these institutions, several other
agencies like the Federal Flood Commission, Water and Power
Authority (WAPDA),
Departments, Pakistan Meteorological Department (PMD), Space,
and Upper Atmospheric Research Commission (SUPARCO),
Emergency Rescue Services 1,122, and Local Governments, etc., have

Development Provincial  Irrigation

been mandated to carry out different structural and nonstructural
projects to reduce risk and vulnerabilities to disasters (Tayyab et al.,
2021; Jan and Ahmed, 2018). However, each incident of disaster
exposes the deep-rooted structural and non-structural vulnerabilities
in the communities across the country. Besides other reasons, one of
the main reasons for these vulnerabilities is the lack of coordination
(Jan and Muhammad, 2020) and risk communication strategy (Khan
et al., 2020; Khayyam and Noureen, 2020). This has created mistrust
among the communities of the civil protection departments, and most
often, communities do not pay attention to such calls or alerts, etc. In
the presence of such an unpredictable nature of disasters, there is a
need to invest time, resources, and energy in enhancing disaster risk
communication to ensure public awareness, reduce risk, and prepare
the communities to initiate anticipatory actions.

Risk communication encompasses the systematic and purposeful
exchange of information regarding disasters among government
healthcare
professionals, community leaders, and the general public (Agyepong

agencies, emergency management authorities,
and Liang, 2023). Risk communication is a vital pillar of risk
management and emergency planning, facilitating the seamless
exchange of information among diverse stakeholders. This
collaborative process empowers experts to share critical hazard
information with targeted audiences, cultivating a reciprocal dialogue
that encourages active participation and informed decision-making
(Fathollahzadeh et al., 2022). Risk perceptions are subjective, context-
dependent, and influenced by disciplinary backgrounds. A unified
language is essential for comparing risks across communities. Effective
risk communication comprises multiple elements, each requiring
equal consideration (Ndlela, 2023; Fakhruddin et al., 2020). It creates
a culture of mutual understanding, acceptance, and risk awareness
among individuals, communities, government agencies, and
stakeholders. The free flow of information is crucial as it necessitates
risk communication at all organizational levels. Conversely, its absence
can precipitate inefficiencies in disaster management and resource
depletion. To establish successful two-way communication, strategic
partnerships with governmental organizations, media outlets, local
leaders, and community groups are indispensable.

A wide range of tools and mechanisms are available for
communicating risk to the communities. These include the
traditional mechanisms (sirens, alarms, radio broadcasts, print/
electronic media announcements), digital dimensions (mobile
apps, social media platforms, SMS/text messaging, digital alert
system, email alerts, online emergency portals, web-based tools)
and interpersonal mechanisms (face-to-face communication,
community outreach, volunteer networks, public addresses). These
tools have been tested and used throughout the world. Within
these tools, Mobile Apps have recently proved to be the most
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effective tools for risk communications, information dissemination,
and public knowledge/awareness (Agyepong and Liang, 2023).
Mobile-based Apps are crucial in disaster risk communication,
offering numerous benefits from saving lives to reducing the
impacts of disasters. Mobile apps provide key functions such as
early warning systems, information dissemination, emergency
instructions, real-time updates, location-based services, social
media integration, crowdsourcing, and resource allocation
(Navarro de Corcuera et al., 2022; Paul et al., 2021). Some of the
well-known examples of mobile Apps making a difference at the
international level include Disaster Alert globally (Pacific Disaster
Centre, 2011), FEMA App in the USA (Federal Emergency
Management Agency, 2011), My Earthquake Alert (JRustonApps
B.V., 2015), Windy-Weather Forecast (Windyty, 2024), First
Aid-IFRC (International Federation of Red Cross and Red
Crescent Societies, 2018), AccuWeather: Weather Radar
(AccuWeather, 2012), Clime: Weather Radar Live (Mobile Heroes,
2016), etc.

In Pakistan, mobile Apps like Pak NDMA Alert (NDMA, 2024),
Flood Reporting App (Khyber Pakhtunkhwa Information Technology
Board, 2022), PMD Weather App (Pakistan Meteorological
Department, 2021), Pakistan Citizen Portal (Prime Minister’s
Performance Delivery Unit, 2018) and Pakistan Weather Forecast
2023 (Unisoft Apps, 2018) are some of the apps being used for disaster
risk communication. The majority of the Pakistani Apps are static and
used for unilateral announcements. The Citizen Portal app is the only
app that enables citizens to file complaints against any government
department, including the disaster management authorities (Prime
Minister’s Performance Delivery Unit, 2018). There is no real-time
feature for early warning or other risk communication in the Citizen
Portal app. The remaining apps provide information related to
hydrometeorological phenomena. The Pak NDMA Alert App is
dedicated to issuing alerts to the citizens regarding any approaching
threatening event (NDMA, 2024). But this app also uses a one-sided
information-sharing approach with no mechanism for the
communities to share information with the authorities. Keeping in
view the significance of the interactive mobile apps for disaster risk
communication, we developed an Android-based mobile app known
as the PDMA Madadgar App to be utilized by PDMA and
communities across the KP province. Administratively, the admin
panel of the App has been handed over to PDMA due to its mandated
role in DRR as per the National Disaster Management Act-2010
(Government of Pakistan, 2010). Madadgar is Pakistan’s first-ever
disaster risk communication system to build resilience against
disasters in KP province through a citizen science approach. The basic
aim of the development and deployment of this mobile app is to
reduce disaster risk and strengthen coordination and collaboration
among communities and authorities in the KP province. Madadgar
engages communities in DRR and emergency management through
a smart, intelligent, and collaborative mechanism that minimizes
service delivery time to vulnerable communities. In our previous
study on the Madadgar App, we communicated about the Madadgar
conceptual model and architecture. In the present study, we have
conducted alpha, beta testing, and evaluation with the app users.
We have also unveiled and shared the codes of Madadgar on GitHub
on humanitarian grounds in this study. These codes will help enable
disaster management agencies, departments, and authorities in
vulnerable countries to adopt and replicate the technology for
resilience-building against disasters.
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Materials and methods

This study aims to test and conduct an evaluation of the Madadgar
app. Specifically, it seeks to assess the app’s development process, alpha-
beta testing, user evaluation, and final product. The study also examines
the useability and likeness of different features of the Madadgar App. To
achieve the study objectives, we have used the design science research
methodology (DSRM) for app testing and evaluation, which is a
problem-solving approach used in information systems, software
engineering, and other fields to design and develop innovative solutions,
such as mobile apps. It focuses on creating artifacts (e.g., apps, systems,
and models) that solve real-world problems. Through the creation and
evaluation of purposeful artifacts, DSRM effectively redefines reality,
addressing human needs and challenges (Venable et al., 2017). Venable
suggests six phases of the DSRM, i.e., construct a conceptual framework;
develop a system architecture; analyze and design the system; build the
system (prototype); observe (test); and evaluate the system. We have
used the first three steps of this methodology in our previous work on
the Madadgar conceptual design and landscape analysis. We have used
the remaining steps in this study, as mentioned in Figure 1.

Development of artefact: dashboard and
database design

PDMA Madadgar App dashboard and database design are
crucial aspects. The dashboard serves as the central hub, providing

10.3389/fcomm.2025.1572206

users with critical information and functionality through an
intuitive and simple design (see app architecture in Figure 2). Key
considerations included customizable widgets displaying relevant
data, real-time updates, and personalization. The dashboard
comprises five primary components: the Home Screen, offering an
overview of disaster risk information and alerts specifically early
warnings; Maps, providing visual representations of disaster-prone
areas; Geo-tagged Evacuation Centers, directing users to locate
these centers with safe evacuation routes; Alerts, sending push
notifications for critical events and news updates on any emergency;
Reports, user-submitted incident reports; and Resources, granting
access to emergency contacts, awareness material, and tutorials. The
database design prioritized efficient data retrieval, security, and
scalability. Four primary tables store User Profiles, Incident
Reports, Damage/Rapid Need Assessments, and Emergency
Resources, like critical contacts and evacuation centers (see Figure 3
& download the “Data Dictionary used in the app as
Supplementary item 1).

Rigorous internal and external testing ensured the dashboard
and database design met the standards. Unit testing verified
individual component functionality, integration testing confirmed
seamless interactions, and User Acceptance Testing validated user
experience and functionality. The PDMA Madadgar App’s dashboard
and database designs provide a solid foundation for effective disaster
risk communication, adhering to the user-centered and problem-
focused approach. For UI/UX design, we used the Figma
Design Tools.

Addressing
Problems identified
at Alpha Version

Deployment on
Google Play

User Testing
and Control
evaluation

Beta Version

Co-creation
workshop (30
Sample size)

Fixing
Problems

Testing and
Evaluation

FIGURE 1
Design science research methodology steps adopted for this study.
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APIs for sharing Data with Other institutions e.g.
Rescue, NDMA, Irrigation Dept. etc. Data from
already developed platforms of PDMA has also
been integrated through API.

Each entry from user is sent to Web
Dashboard along with particulars of the
user (personal information) and
coordinated geo-tagging.

Provincial Emergency Operation Centre
(PEOC)

Web Dashboard
yobiﬁse Digital Platform

o

Disaster related real time data , early
warnings, forecasting or onset of a
disaster is reported by both the end
users as well as the PEOC and District

Teams.
Field Teams General Public
FIGURE 2
PDMA Madadgar app architecture.
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FIGURE 3
Sample tables of the PDMA Madadgar app database.

App development

The App development part has utilized advanced technologies in
various components to ensure optimal performance and functionality
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(Table 1). Each component of the app and dashboard has been built
using cutting-edge tools and methodologies. The web dashboard, i.e.,
the front end, was created using HTMLS5, CSS3, JavaScript, and React,
which enabled a seamless user experience (Syedpg, 2025a). The
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TABLE 1 Software and technology used in the Madadgar front and back end.

Technology Use case/contribution Category

HTML5, CSS3, JavaScript, React Used to develop the web dashboard, ensuring responsiveness and usability (Back-end technologies). = Back-end (Web Dashboard)
Python & Django Rest Framework Back-end development for managing app logic, API handling, and communication with databases. Back-end

MongoDB NoSQL database is used for handling unstructured data, providing flexibility and scalability. Database (NoSQL)

MySQL The relational database is used for structured data management, ensuring consistency and reliability. =~ Database (SQL)

Kotlin The programming language used for developing the Android Mobile App, i.e., Madadgar. Mobile App Development
REST API Used for communication between the mobile app and the back end, facilitating data exchange. API Integration
AccuWeather API Provides real-time weather updates, enhancing the app’s emergency preparedness features. External API

PDMA Disaster Management System | API for sending disaster alerts to the app, ensuring users receive real-time notifications. External API

Google Maps API

Displays maps and evacuation routes, assisting users in navigating during emergencies.

Geolocation Service

Firebase Cloud Messaging

Enabled push notifications to keep users informed of critical updates.

Notification Service

Agile Methodology

Used to manage the development process in iterative cycles, allowing flexibility and rapid response

to change.

Development Methodology

Test-Driven Development (TDD)

Ensured code quality through testing before implementation, increasing reliability.

Development Methodology

Unit Testing Tested individual components to ensure they function correctly. Testing
Integration Testing Ensured that different components work together seamlessly. Testing
User Acceptance Testing Validates that the app meets the needs and expectations of users. Testing
Security Testing Identifies vulnerabilities to ensure data protection. Testing

back-end services were developed with Python, integrated with the
Django Rest Framework, and supported by MongoDB (a NoSQL
database) and MySQL (for relational data management) (Syedpg,
2025a,b). The mobile app, developed in Kotlin, communicates with
the backend through REST APIs. External API integration, such as
AccuWeather for real-time weather updates and PDMA Disaster
Management Information System (DMIS) for disaster alerts, enhances
the app’s functionality. The app is fully compatible with Android
operating systems.

The development follows agile methodologies, allowing for
iterative progress, continuous testing, and refinement. Design thinking
ensured that user needs remained central throughout the process. The
use of Test-Driven Development (TDD) guaranteed code quality, with
a comprehensive testing suite that included unit testing, integration
testing, user acceptance testing, and security testing to ensure data
protection. Additional technologies, such as Google Maps API, were
integrated for displaying maps and evacuation routes, while Firebase
Cloud Messaging enabled push notifications for critical updates and
alerts. We used efficient data structures and algorithms for
better performance.

Sampling method and sample size

For the selection of research participants and respondents,
we have used a purposive sampling method. The testing and evaluation
were carried out in three different phases. In phase one, we sampled a
group of 7 research participants comprising the Mobilise Project team,
DRR Experts at the University of Peshawar, and IT Officials of
PDMA. In phase two, we invited a group of 12 research participants,
representing 10 key DRR organizations, to a co-creation workshop.
These participants actively contributed to the preparation of the
conceptual design of the PDMA Madadgar App. In the third phase,

Frontiers in Communication 06

TABLE 2 Sample size of the study.

Stages Sample size

Stage One Sample (Alpha Testing) 07
Stage two Sampling (Alpha Testing) 12
Stage Three Sampling (Beta Testing) 30
Total 49

we sampled a group of 30 community volunteers from four different
humanitarian, advocacy, and academic organizations working on
DRR, response, and recovery in the province. These organizations are
the Civil Defence Department, Pakistan Red Crescent Society (PRCS),
Alkhidmat Foundation (AKF), and Centre for Disaster Preparedness
and Management (CDPM) Volunteer Club. Volunteers from Civil
Defence, PRCS, and AKF are field-based community volunteers
responding to emergencies, creating awareness, and contributing to
building resilient communities. The CDPM Volunteers are technical
professionals in DRR and climate change adaptation. Table 2 provides
a detailed breakdown of the research sample size.

Data collection and analysis

Multiple methods were used to collect the data, including
observation, a co-creation workshop, and questionnaires. In the alpha
testing, we sent and installed the App on the mobile phones of 7
research participants, comprising the Mobilise Project team, DRR
Experts, and Officials of the PDMA. We individually contacted all
participants, conducted a demo through a face-to-face setting, and
asked them to navigate the app. We recorded their feedback in real-
time and noted the problems they faced with in-app installation,
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functionality usage, navigation, etc., in an Excel project document
(Supplementary item 2). This process was completed in 2 weeks. Once
all the data had been collected, the software engineers started fixing
the problems reported and encountered by the testing team. Soon
after, we arranged a joint co-creation workshop of the app development
team with the participants who contributed to the PDMA Madadgar
App conceptual model, representing ten key organizations. The
co-creation workshop was attended by 12 research participants. The
comprehensive alpha testing approach integrated multiple testing
techniques, including exploratory testing, unit testing, integration
testing, and functional testing. Testing methodologies encompass
compatibility across diverse devices, operating systems, and screen
sizes. Usability testing enhanced user experience, performance testing
optimized speed and responsiveness, and security testing mitigated
potential vulnerabilities. The problems identified at the Alpha level
were incorporated into the APK, and an alpha version validated by the
research participants was developed and installed in the Google
Play Store.

For beta testing, a second co-creation workshop was conducted
with the volunteers of the four different organizations mentioned
above. The workshop was aimed at gathering feedback and insights
from stakeholders and end-users on the alpha version of the
Madadgar, identifying areas for improvement, and ensuring the app
meets user needs. During the workshop, we delivered a demo of the
Madadgar alpha version and opened the floor for discussion. After the
initial discussion, the group was asked to install the app and conduct
hands-on testing for feedback collection. Qualitative feedback was
collected by our team for each user, their device type, and the problems
they faced. Soon after the feedback collection, they were handed a
short Likert scale questionnaire to evaluate the main features of the
app. Testing data regarding the problems observed and experienced
were stored in the Excel project document in real-time
(Supplementary item 2). The quantitative data regarding their
feedback on the feature’s likeness was analyzed through frequency and
percentage distribution and has been presented in the data
analysis section.

Results

This section presents data and results of the alpha testing, beta
testing, and Madadgar features evaluation.

Demonstration: alpha testing

To validate Madadgar functionality and performance, identify and
fix critical bugs, and gather internal stakeholder feedback, the app
underwent Alpha testing. The said testing occurred on Android
smartphones and tablets utilizing Wi-Fi, 4G, and 3G networks as well
as online/offline GPS locations. Employing black box, white box, and
gray box methodologies, testing scenarios included user registration,
disaster alert/early warning notifications, emergency contact
directories, community outreach, incident reporting, and damage
need assessment, etc. This process uncovered several critical issues.
Notable key functional issues included inconsistent navigation menu
behavior, failure to load emergency contact information, incorrect
disaster alert notifications, and inability to access offline resources.
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Furthermore, usability testing revealed several design problems,
including inconsistent font sizes and styling, and inadequate feedback
on user actions. Additionally, unit testing identified significant
concerns, such as slow loading times on low-end devices, app crashes
on Android 8.0 or below devices, and excessive battery consumption.
Moreover, security and technical testing identified critical
vulnerabilities, including insecure data transmission, inconsistent API
response times, slow response times, and the need for database
schema optimization.

Some of the suggestions of the participants include a checkbox as
a declaration for a user to avoid false reporting, notification settings
on the web dashboard for entries coming from the communities,
action logs at the backend, personalized emergency alerts (SOS
Messages) for volunteers, push notification services, interactive public
awareness content, download facility, and social sharing capabilities.
Other recommendations include adding functionality for signing up
with a mobile number along with the email, features for evidence
attachment into the “Complaint Section,” a user profile section to the
app settings, a feature for updating data, and adding a color
background to the login and password section.

In response, we comprehensively addressed these concerns
through a multi-faceted approach, including conducting thorough
code reviews and refactoring, implementing automated testing,
enhancing user experience through intuitive design, prioritizing
performance optimization, and resolving technical debts and security
concerns. To address the risks, mitigation strategies such as
implementing SSL/TLS encryption, robust authentication mechanisms
including JWT token-based API authentication and authorization
input validation, secure storage, and dependency updates were
adopted to ensure user data protection and app reliability. An action
plan was developed comprising the tasks assigned to the development
team for bug fixing and feature enhancement (weeks 1-2), re-testing
and validation (week 3), beta testing with a larger user group (weeks
4-7), and scheduling regular maintenance and updates. Over four
weeks—three for testing and one for defect fixing—critical bugs were
identified and fixed, performance improved, and functionality
validated. The end product was an alpha design for uploading to the
Google Play Store after a validation meeting with the group.

Beta testing

The beta testing was held with a group of 30 research participants/
respondents. As shown in Figure 4, the demographic analysis of
primary data reveals respondents’ distribution across distinct age
cohorts and gender. The gender distribution exhibits that males
comprise 73.3% of the respondents, whereas females account for
26.7%. This 2:1 (male-to-female) ratio is due to the cultural restrictions
on women’s participation in social affairs in their communities. The
respondents age distribution is characterized by two dominant
groups, i.e., individuals aged 21-30 years (36.7%) and those aged
31-40 years (23.3%), which collectively account for over half of the
study population. The educational landscape is characterized by
higher education, with 40% holding undergraduate degrees, 23.3%
with Masters degrees, and 16.7% MS/MPhil/PhD. Only 13.3% had
education up to and below the Higher Secondary School Certificate
level. The analysis of the mobile ecosystem indicates that a significant
majority, i.e., 80% were Android operating system users and 6.7% were
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FIGURE 4
Profile of the study respondents.

IOS operating system users. Notably, 13.3% of users utilized both
Android and IOS operating systems. Below are the summarized
results of beta testing followed by the app features description
and evaluation.

At the beta level, the App has undergone rigorous testing to solicit
constructive feedback from research participants as end-users to solve
residual defects. Utilizing a comprehensive range of devices (Android
smartphones and tablets) and networks (Wi-Fi, 4G, 3G, and 2G). This
process was divided into two steps. In step one, we checked user
registration, disaster alert notifications, early warning messages,
PDMA news, damage and rapid need assessment, volunteer
engagement, emergency contact directories, incident reporting, and
grievance redressals. Device fragmentation issues across various
Android versions and devices were noted. Android version-specific
issues included app crashes and permission problems. Device-specific
issues were identified on Samsung, Huawei, Xiaomi, and Google Pixel
devices, such as screen orientation and theme conflicts. Additionally,
screen size and density issues caused layout, font rendering, and
navigation menu inconsistencies. These issues were resolved by
implementing Android version-specific code branches, using
compatible libraries, conducting thorough testing on diverse devices,
and optimizing layout and design. Mobile network bandwidth-related
issues significantly impacted app performance in beta testing. Testing
on multiple devices across Jazz, Telenor, Zong, and Ufone mobile
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networks revealed slow data speeds (2G: >10s, 3G: 5-10s, and 4G:
2-3's). Network congestion (high latency, packet loss), frequent
disconnections, and excessive data consumption were also noted.
These issues delayed emergency alerts and prevented resource
downloads. To address these issues, optimizing app data usage
through compression and caching was performed, network retry
mechanisms were implemented, offline support was provided and an
ongoing network testing function was added. Table 3 provides details
of some of the key technical issues identified and fixed during the
alpha and beta testing.

Quantitative results of Madadgar
evaluation

In this section, we present the features of the final artifact, i.e.,
PDMA Madadgar App and Dashboard. Figure 5 provides data
collected from respondents regarding the evaluation of the Madadgar
App during the beta testing level. The Madadgar consists of 13 major
tabs with further subdivisions (see Figure 6 for app features and
Supplementary material 3 for details of Tabs). The Early Warning
component of the App is of paramount significance for the
communities. The Madadgar promptly and directly communicates
Early Warning messages to communities across the province,
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TABLE 3 Key technical faults identified and fixed at alpha and beta testing.

Identified Fault

App crashing on older Android versions

Details

The app was crashing on older Android devices running OS

versions below 8.0.

10.3389/fcomm.2025.1572206

Resolution

Updated compatibility support by optimizing the codebase
for backward compatibility.

Slow disaster alert notifications

Disaster alert notifications were delayed on devices with slower

internet connections.

Optimized server response time and improved the push

notification handling for low-bandwidth networks.

Error in user registration

Some users encountered registration failures due to missing

validation in the email field.

Enhanced form validation to catch incomplete or incorrect

data during registration.

Inconsistent map rendering

Google Maps was not rendering evacuation routes correctly due

to low GPS accuracy.

Improved GPS handling and added fallback to lower-

quality location data for better map rendering.

Incident reporting freezes

The app would freeze when users uploaded large images as part

of incident reports.

Added image size restrictions and data compression and
optimized file handling to prevent freezing during report

submissions.

Push notifications were not working on

some devices

Push notifications were not received on older models of

Android devices due to outdated Firebase libraries.

Updated Firebase Cloud Messaging SDK to ensure

compatibility across all Android versions.

Some Urdu language characters were not properly displayed in

Added support for additional language character sets and

Language localization issues
the app’s UL

ensured proper font rendering.

Battery drain issues . .
background on certain devices.

The app was consuming excessive battery when running in the

Optimized background processes to reduce battery

consumption and improve overall performance.

providing longer lead times for vulnerable communities and field
teams to take action or initiate evacuation or prepare in advance. The
“Early Warning” tab provides data about the Early Warning messages,
Weather Forecasts, Weather Advisories, Flood Bulletin, GLOF Alerts,
latest Earthquake Events, and Drought information. Figure 5 shows
that the Madadgar Early Warning feature received significant approval
with a substantial majority (70%; n = 21/30) exhibiting strong affinity
(Strongly Liked). This robust endorsement suggests that users perceive
the feature as a valuable tool for enhancing disaster preparedness and
response. Furthermore, a notable proportion (16.7%; n = 5/30)
expressed moderate approval (Liked), indicating overall user
satisfaction with the feature’s efficacy. To counter the linear paradigm
in the early warning system, a tab of “Report Disaster” enables
communities to share information with the Provincial Emergency
Operation Centre-PDMA (PEOC-PDMA) about the disasters that
occur without a warning, for example, earthquakes, landslides, flash
floods, GLOFs, fire, etc. Before the Madadgar App, there was no digital
mechanism to ensure the communication of information to the
authorities for initiating a response. The app users can upload up to
three pictures of the affected locality along with the geo-tagging for
information. This feature is also very important in rescuing people
trapped in a disaster site because of the pinpoint location services
embedded with reporting. The emergency responders can directly
reach the victims instead of roaming to search the victims. The
“Report Disaster” feature is helpful in modeling disasters and their
geographic spread, bringing citizen intelligence to the domain of
tracking and tracing disasters. The evaluation of this feature revealed
high user acceptance, with 63% (1 = 19/30) exhibiting strong likeness
and 23.3% (n = 7/30 only liked) expressing moderate approval. These
results demonstrate the feature’s effectiveness in enhancing disaster
reporting efficiency and response. Parallel to this tab, the “PDMA
News” tab is also very important. All types of critical information are
sent to the communities via the App with a push notification alert for
the news section. This feature is used for communicating the tracking
of active hazards, disasters, or humanitarian situation announcements.
For example, on October 29, 2024, an announcement was made that
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PDMA had released 360 million rupees to insurgency-affected people
of South Waziristan and the amount will be credited to around 18,000
beneficiaries mobile wallets. This announcement also sent
information that in case of any issue, the beneficiaries can file
complaints. Data in Figure 5 revealed that 36.7% of respondents
(n=11/30) exhibited moderate approval, while 30% (n =9/30)
demonstrated strong approval for the PDMA News tab. The combined
results (66.6%) reveal that users perceive the feature as a valuable
information source.

The location-based “Evacuation Centers” tab provides a complete
repository of the identified evacuation centers in the province, along
with safe evacuation routes (179 evacuation centers in 35 districts).
Coordinates of these 179 evacuation centers have been added to
Madadgar and with one click, it directs the people to take anticipatory
action in time of need. In this regard a substantial majority of the
respondents (53.3%; n = 16/30) strongly endorsed and 20% (1 = 6/30)
expressed moderate approval for the evacuation centers feature.
Communities can utilize the “Register Complaint” tab to submit
grievances concerning disaster-related problems, including but not
limited to faulty risk assessment, discrepancies in damage
compensation, inaccurate damage assessment, or issues with the
response. The complaint feature received substantial user approval,
evidenced by 43.3% (n = 13/30) of respondents indicating a strong
preference and 33.3% (n = 10/30) showing moderate approval. This
overwhelming endorsement (76.6% combined approval) underscores
the feature’s critical role in facilitating community-centric and effective
problem reporting and its resolution. The “Damage Need Assessment”
tab enables communities and authorities to conduct post-disaster
damage assessments through a digital platform. Previously, an analog
system was in place with so many transparency and accountability
issues. Similarly, PDMA can quickly conduct a “Rapid Need
Assessment” during an emergency to identify the survivors' immediate
needs and send targeted support. Damage Need Assessment feature
revealed significant user endorsement, with 80% of respondents
(n =15/30 Strong Likeness and n = 9/30 Likeness) exhibiting strong
endorsement. The essential function of this feature optimizes disaster
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recovery efforts. A similar trend was noted in data for the “Rapid Need
Assessment” feature. The “Risk Assessment” provides access to
summarized information with maps from the risk assessment studies
in the region ensuring the accessibility of information for risk-
informed decisions. A total of 66.7% of respondents (Strong Like
n = 14/30& Like n = 6/30) demonstrated the Risk Assessment feature’s
significance in reinforcing risk management capabilities and resilience.
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PDMA releases its “Daily Situation Report” providing information
about the occurrence of a disaster, humanitarian situation, and
response information. This information is vital for the decision-
makers to take action to mitigate emergencies. A repository of the
situation reports has been made public through Madadgar and anyone
who needs information about any specific disasters and associated
damage can download it in a few seconds. Evaluation data reveal that
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36.7% (n = 11/30) of respondents strongly liked and 26.7% (n = 8/30)
liked the situation report feature, highlighting its importance in
facilitating timely and informed decision-making. Public awareness
messages in the form of posters have been made accessible via the
“Community Outreach” tab. Besides, pictorial messages and social
media pages, including the PDMA YouTube channel, Facebook page,
X handle, and LinkedIn account, are accessible from here. Community
Outreach/Public Awareness feature revealed significant acceptance,
with 76.7% of respondents (n = 23/30) expressing moderate to strong
preference underscoring its significance in enhancing community
engagement and awareness. “Emergency Contact” provides access to
all emergency numbers with the office numbers of the 35 District
Disaster Management Officers. A total of 86.6% of respondents
(n = 26/30) showed strong to moderate preference for the Emergency
Contact feature, demonstrating its critical importance. The Quick
Links tab is a repository of websites of all organizations working on
DRR, climate change, and sustainability in Pakistan. Out of the total,
36.7% strongly liked and 30% liked this feature. The last tab provides
access to the privacy policy of the App. Another significant feature of
the Madadgar is volunteer engagement. Both the app and dashboard
facilitate effective volunteer management through their robust
registration and engagement features. Volunteers receive timely
notifications and alerts for emergency responses, ensuring swift
mobilization. The app’s task assignment optimizes volunteer
deployment based on proximity and availability. Furthermore,
volunteers can manage their profiles and indicate availability.
Evaluation data shows that the Volunteer Engagement feature received
overwhelmingly positive feedback, with 90% (n=27/30) of
respondents expressing approval. Specifically, 63.3% (n =19/30)
strongly liked the feature and 26.7% (n = 8/30) liked it. This suggests
that users highly value the feature for effective volunteer management
and coordination, and its integration is crucial for enhancing
volunteer experiences and community engagement. A detailed visual
of the Madadgar tabs has been presented in Figure 6; Supplementary
material 3.

The Web Dashboard seamlessly communicates with the App and
all information that is sent via the app is received with a notification
message on the web dashboard (Figure 7). The web dashboard of the
Madadgar has been integrated into the DMIS of the PDMA and any
report from the communities is directly assigned to the concerned
district administration. PDMA-PEOC can send updates, news, early
warning messages, public awareness messages, etc., via the dashboard.
The dashboard has been hosted on the provincial government server
ensuring data privacy and security of information. Each report
received from the communities an action is initiated. The dashboard
creates digital logs for each action. This regulates the behavior of the
employees of the PEOC and district administration as these logs are
shared regularly with the key officials.

Approval by the relevant bodies

After the alpha, beta testing, and evaluation, the app performance,
user experience, bug fixing, etc., was presented in a validation
workshop at the Government of KP Relief, Rehabilitation and
Settlement Department (RRSD), which was chaired by the Secretary
RRSD. The workshop was attended by stakeholders from PDMA,
Emergency Rescue 1,122, the Civil Defence Department, the IT board,
and the Science and Technology Department. The app was approved
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and a public launching ceremony was recommended. We as a Mobilise
team, handed over the full control of the Madadgar to the PDMA, KP.

Discussion

The Madadgar initiative has demonstrated efficacy in addressing
key DRR challenges in Pakistan, specifically enhancing risk
communication, early warning system accessibility, community
resilience, and inter-organizational coordination. Several recent
research studies have identified that there is a critical gap in the
communication of early warning to communities (Shah et al., 2023;
Ahmed et al., 2022; Manzoor et al., 2022; Rana et al., 2021; Ahmad,
20205 Perera et al., 2020). The early warning system in the KP province
still needs further improvement but the data of the existing early
warning system is not systematically communicated to the people.
Building on these gaps, Madadgar ensures timely access to early
warning messages across the KP province. Madadgar also counters the
existing linear paradigm in the early warning system. Local
communities have been empowered to be active contributors to the
early warning system and they are bringing citizen intelligence to the
tracking of active hazards. Previous studies have also emphasized the
inclusion of local communities in early warning systems, risk
communication, and disaster risk reduction (Rahman et al., 2025; Jan
et al., 2024; Otto et al., 2023; Kitazawa and Hale, 2021; Fekete et al.,
2021; Ali et al., 2021; Sufri et al., 2020; Ahmad, 2020; Jan, 2018).
Ideally, disaster risk assessment and forecast require robust, up-to-date
datasets and technologies. Fortunately, citizen science, fueled by
mobile devices, Web 2.0, and participatory research offer
complementary solutions addressing data gaps and enhancing
assessment capabilities and subsequent forecasts (Sy et al., 2019).
Madadgar is heavily relying on citizen science engaging local
communities and volunteers to gather local data and report it to the
PDMA-PEOC for subsequent actions. The integration of citizen
science in DRR yields numerous benefits. Primarily, citizen-generated
data enhances data quality, increases coverage, especially in data-
scarce countries, like Pakistan, and provides real-time reporting
during disasters. Additionally, it fosters community engagement,
promoting public awareness, education, and participation in DRR,
while reducing costs associated with traditional data collection. These
primary benefits have secondary implications, including improved
forecasting, expedited early warning dissemination, social
mobilization, capacity building, and informed research agendas.
Successful implementation of Madadgar-based citizen science
includes flood monitoring, where citizens report water levels to
calibrate flood models; weather monitoring through Madadgar
weather services as well as reporting local weather situation to
authorities; earthquake reporting to assess the damage; landslide
monitoring and tracking soil moisture and flood monitoring to inform
evacuation decisions.

Another key aspect of Madadgar is the volunteer engagement.
Volunteers are indispensable in DRR, especially in the response
phase they provide vital support to emergency management
services (Daddoust et al., 2021). For effective risk reduction, the
engagement of diverse stakeholders is necessary. The Sendai
Framework for Disaster Risk Reduction stresses that successful
DRR necessitates an inclusive, multi-stakeholder approach,
encompassing NGOs, government agencies, community groups,
and other relevant actors (Alam and Ray-Bennett, 2021; Seddiky
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et al., 2020; Kelman, 2015). The PDMA Madadgar App aims to
register the volunteer force of Civil Defence, Alkhidmat Foundation,
PRCS, and other organizations enabling the PDMA to maintain a
roaster of all volunteers and also to map out volunteers across the
province for their effective involvement in DRR efforts and
emergency response. As per government data, only Civil Defence
has more than 42,000 volunteers (Razakars) across the province
(Government of Khyber Pakhtunkhwa, 2023) but their systematic
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deployment is a critical challenge due to the lack of contact
information and mechanism of deployment. Madadgar tends to
solve this problem with a robust system of communication and
personalized alerts to the volunteers.

Madadgar’s rapid damage need assessment performs two core
functions. Firstly, it enables authorities to make data-driven
decisions. Secondly, Madadgar transforms the traditional analog
mechanism of rapid damage assessment into a smart digital
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platform. This innovative technology reduces the likelihood of
corruption and nepotism in post-disaster assessments and
subsequent compensation payments. In times of mega-disasters,
corruption and nepotism have historically compromised post-
disaster recovery operations. The politically driven nature of
recovery needs assessments often undermines the most vulnerable
populations, disproportionately benefiting the elite class (Ali et al.,
2024; Jan et al., 2024).

The Madadgar App can transform disaster risk communication
in Pakistan. By harnessing technology and community engagement,
this app ensures enhanced response time through rapid task
assignments to volunteers and emergency responders. Real-time
updates and collaboration tools ensure seamless coordination among
stakeholders. Community participation in disaster response and
management is significantly increased, fostering a culture of collective
resilience. Furthermore, the app’s data analytics capabilities provide
valuable insights, enabling informed decision-making. Madadgar
App can mitigate disaster impacts, save lives, and lead to technology-
driven community resilience. The app is accessible to all people in
Pakistan and people within Khyber Pakhtunkhwa province can use
it for communication with the PDMA. Due to the 18th constitutional
amendments, disaster management is a devolved subject and each
province has to design and implement strategies within their
respective constituencies. This is the reason the App will be only used
in the KP province. This study demonstrated Madadgar’s potential as
a replicable model for other regions. The open-source frontend and
backend codes,
methodologies, facilitate future development. Recommendations for

accompanied by alpha and beta testing

future research include investigating Madadgar’s adoption potential
and assessing user satisfaction.

During this study, we experienced several limitations. These
limitations include the non-sharing of APIs by relevant ministries to
enhance visual information along with the text. The negligible
availability of automatic weather stations, telemetry stations, and
other required sensors for early warning affected the automation
feature of the Madadgar App. The entire system is based on an analog
data collection mechanism, taking a longer time to collect the data
and its subsequent transmission to communities. Another significant
limitation was the control evaluation with a smaller team of
community-based volunteers due to funding shortages and the
extensive geography of the province (35 districts). These limitations
were reduced through the integration of the PDMA DMIS system
with the Madadgar to ensure seamless integration with other systems.
Madadgar provides a secure and efficient transmission mechanism to
PDMA for data collection and it will reduce the time gap in critical
data collection and dissemination. Regarding evaluation from a
smaller group, a larger study has been planned to capture the user
experiences in different climatic and disaster zones of the province
with representation from all the districts.

Conclusion

In conclusion, the Madadgar initiative has emerged as a paradigm-
shifting solution for addressing the complex challenges of disaster risk
reduction in Pakistan. Harnessing the power of citizen science,
volunteer engagement, and inclusive multi-stakeholder approaches,
Madadgar has demonstrated unparalleled efficacy in enhancing risk
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communication, early warning systems, community resilience, and
inter-organizational coordination. As a model for disaster risk
reduction, Madadgar offers a replicable and scalable solution for
countries grappling with similar challenges, underscoring the critical
importance of community-centric approaches in mitigating the
impacts of disasters. Future research areas include a comparative
analysis of the PDMA Madadgar App with other risk communication
apps, factors influencing user engagement and adoption of the
Madadgar app, and exploring the potential of integrating emerging
technologies such as Artificial Intelligence (AI), Internet of Things
(IoT), and blockchain into the PDMA Madadgar App to enhance its
effectiveness and efficiency.
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