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Background: Mobile health (mHealth) applications have the potential to improve chronic disease management and healthcare support
for older adults. However, their development and contextual adaptation in rural communities remain limited. This study aimed to
develop and evaluate the Chalerm App, a mobile health application designed to strengthen chronic disease management, service
accessibility, and caregiver support among older adults in Southern Thailand.

Methods: A participatory action research (PAR) design was conducted at a Health Promoting Hospital in Nakhon Si Thammarat
Province, Southern Thailand, from March to August 2024. The Chalerm App was developed on Android- and iOS-based platforms
through collaboration with software developers, health professionals, and community stakeholders. The study comprised three phases.
In Phase 1 (Situation analysis), 223 participants—including 30 elderly individuals, 10 health staff, 7 community leaders, and 176
community members—were recruited using stratified random sampling and participated in interviews and focus groups to identify care
gaps. In Phase 2 (Mobile Health Application Development), 30 participants—including 10 health staff, 7 community leaders, and 13
elderly individuals with their caregivers—engaged in co-designing the app. In Phase 3 (Usability and Effectiveness Assessment), 30
elderly individuals and caregivers, recruited via simple random sampling, evaluated the app using a validated researcher-developed
tool.

Results: In Phase 1, the main challenges identified included the high prevalence of chronic diseases (hypertension, diabetes, and
degenerative joint disease), psychological issues such as loneliness and depression, limited access to healthcare due to geogra-
phical and workforce constraints, and low levels of digital literacy. In Phase 2, the Chalerm App was developed with four key
functions: (1) Remote Appointment Scheduling, (2) Demographic Information Display, (3) Home Navigation Support, and (4)
Health Knowledge Repository. In Phase 3, the evaluation demonstrated that the app significantly exceeded the quality benchmark
(p < 0.001), showing notable improvements in elderly healthcare performance, perceptions of the innovation, and the overall
quality of care services (p < 0.001).

Conclusion: The Chalerm App improved chronic disease management, service accessibility, and caregiver support for older adults in
a rural Thai community. Findings suggest that community-driven mHealth solutions can reduce healthcare inequities in resource-
limited settings with potential applicability to similar contexts.
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Introduction

The global population is undergoing a rapid demographic transition, characterized by increased longevity and declining
fertility, resulting in a growing proportion of older adults. By 2050, approximately one in six individuals worldwide will
be aged 65 years or older, compared with one in eleven in 2019." This shift is particularly pronounced in Asia, where the
pace of population aging often exceeds that of high-income countries.” In Thailand, older adults accounted for 19.4% of
the population in 2023, with projections suggesting this figure will surpass 30% by 2040, classifying the country as
a “super-aged” society.>*

Population aging poses multifaceted challenges to health systems, particularly in low- and middle-income
countries (LMICs), where infrastructure and resources are often insufficient. Older adults are at elevated risk for
chronic non-communicable diseases (NCDs), frailty, cognitive and sensory impairments, and functional limitations,
which increase dependence on formal and informal care networks.” ® In Southern Thailand, Nakhon Si Thammarat
Province reflects national trends: older adults constitute 17.24% of the population, and in Chang Klang District,
prevalent conditions include diabetes, hypertension, musculoskeletal disorders, depression, urinary incontinence, and
recurrent falls. These conditions compromise quality of life and impose considerable burdens on caregivers and local
health services.” '

Mobile health (mHealth) applications have emerged as promising tools to enhance access to care, promote self-
management, and improve communication between patients and healthcare providers. Recent reviews highlight the
integration of artificial intelligence (AI) within mHealth platforms, enabling personalized recommendations, predictive
alerts, adaptive goal-setting, and improved medical communication.'*'* Such Al-driven features can facilitate timely
interventions, support chronic disease management, and enhance clinical decision-making.

Effective mHealth applications typically incorporate several key parameters, including: 1) User interface design —
intuitive navigation, readable fonts, culturally appropriate graphics, and accessibility features for sensory or motor
limitations. 2) Health monitoring and tracking — integration with wearable devices or manual input to record vital
signs, physical activity, medication adherence, and symptoms. 3) Data security and privacy — adherence to ethical and
regulatory standards for protecting personal health information. 4) Personalized feedback and decision support — Al-
driven recommendations and reminders tailored to individual health profiles. 5) Interoperability — synchronization with
electronic health records, wearable devices, and healthcare providers to ensure continuity of care.'*!”

Evidence indicates that mHealth interventions incorporating these parameters can improve medication adherence,
promote physical activity, enhance chronic disease self-management, reduce hospitalizations, and alleviate caregiver
burden.'*™'® However, the effectiveness of these applications depends on user engagement, digital literacy, and alignment
with local health system policies and workflows."'**°

Community-driven, participatory approaches have been shown to increase the relevance, acceptability, and sustain-
ability of health innovations. Participatory action research (PAR) frameworks enable co-creation of interventions with
end-users, local healthcare providers, and policymakers, ensuring cultural appropriateness and responsiveness to com-
munity needs.”’ > In Thailand, collaborations among government agencies, academic institutions, and local health
networks have initiated digital solutions for elderly care, yet challenges remain in scaling up due to limited digital
literacy, suboptimal engagement, and fragmented policy frameworks.>*>

Despite increasing evidence of the benefits of mHealth, few studies have systematically examined Al-enabled mobile
applications for community-based elderly care in rural, resource-limited contexts. There is a critical need to integrate
digital technologies with participatory, context-sensitive strategies to address the intertwined health and social care needs
of older adults.

Therefore, the present study aimed to develop and evaluate the Chalerm App, a mobile health application designed
to strengthen chronic disease management, service accessibility, and caregiver support among older adults in the
Chalerm Phra Kiat Wat Suan Khan Health Promoting Hospital service area, Chang Klang District, Nakhon Si
Thammarat Province. This intervention integrates digital innovation, participatory design, and coordinated care
strategies to improve health outcomes, promote functional independence, and enhance the resilience and responsive-

ness of local health systems.
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Methods

An action research design was employed, guided by the Planning, Action, Observation, and Reflection (PAOR)
framework,'® conducted from March to August 2024. The study applied a Participatory Action Research (PAR)
approach, ensuring active involvement of community members, healthcare personnel, and other stakeholders throughout
the design, development, and evaluation of the Chalerm App. A mixed-methods approach integrated quantitative and
qualitative data, providing a comprehensive understanding of the intervention’s impact.

Study Population and Sampling

The study comprised three phases with distinct participant groups.

Phase | (Situation Analysis)

A total of 223 participants were recruited using stratified random sampling, consisting of 30 elderly individuals,

10 healthcare personnel, 7 community leaders, and 176 residents.Inclusion criteria: individuals involved in or related

to elderly health promotion, residents within the service area of Chalermphrakiat Wat Suan Khan Health Promoting

Hospital (Chang Klang District, Nakhon Si Thammarat Province), and those aged >18 years with literacy in Thai.
Exclusion criteria: unwillingness or inability to participate throughout the study period, absence from the study area

during data collection, or diagnosis with a serious communicable disease.

Phase 2 (Application Development)
30 participants—13 elderly individuals, 10 healthcare personnel, and 7 community leaders—were purposively selected to
engage in co-design workshops to define the application’s features, content, and interface.Inclusion criteria: representa-
tives from relevant sectors and stakeholders directly engaged in elderly health promotion within Chang Klang District.
Exclusion criteria: identical to Phase 1.

Phase 3 (Evaluation)
30 elderly individuals and caregivers from Phases 1 and 2 were purposively selected for pilot testing to ensure diversity
in user representation. Sample size estimation using G*Power for paired t-tests (a = 0.05, power = 0.80, effect size =
0.80) indicated a minimum of 27 participants; 30 were included to account for attrition.
Inclusion criteria: participants who had previously taken part in the context analysis or innovation development phases.
Exclusion criteria: identical to Phases 1 and 2.

Participatory Action Research (PAR) Process

The PAR process was fully integrated into the PAOR cycle, ensuring co-creation, reflection, and iterative refinement:

1) Planning stage: Stakeholders collaboratively identified health needs, defined app objectives, and determined
relevant health content. Workshops engaged participants in mapping community priorities, discussing barriers to
elderly care, and suggesting technological solutions. Key decisions, such as IoT device integration and Al-driven
notifications, were made jointly with health personnel and elderly representatives.

2) Action stage: Participants were actively involved in the co-design of Chalerm App, contributing to the develop-
ment of the user interface, module architecture, and usability features. An iterative prototyping process was
implemented, during which community members provided structured feedback on content clarity, navigation flow,
and overall interaction. Internet of Things devices were integrated to capture real-time health indicators (e.g.,
blood pressure, glucose levels), while artificial intelligence (AI) algorithms were trained on anonymized historical
community health data. Both alpha and beta testing cycles incorporated direct user engagement to identify
functional limitations and usability concerns.

3) Observation stage: Community members assisted in data collection and evaluation, including structured surveys,
focus groups, and participatory observation. Elderly users and caregivers reported on usability, satisfaction, and
perceived impact, while healthcare personnel provided professional insights on app functionality and health
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behavior outcomes. Observation sessions were audio- and video-recorded to capture contextual nuances, and
iterative feedback informed app refinement.

4) Reflection stage: Stakeholders reviewed quantitative and qualitative findings in group reflection sessions.
Discussions focused on identifying operational challenges, improving app functionality, and ensuring long-term
sustainability. Feedback was incorporated into the final app version and informed recommendations for scaling and
replication in other communities.

Mobile Application Development

The Chalerm App was developed using the Flutter cross-platform framework for simultaneous deployment on Android
and i0S devices. Firebase backend services enabled real-time data storage, secure authentication, and analytics.
A schematic diagram (Figure 1) illustrates the app content flow, covering modules for health education, self-
monitoring, reminders, and healthcare communication. IoT devices captured physiological data, transmitted via
Bluetooth, Wifi, and integrated with Al-driven alerts for personalized recommendations. Development followed an
iterative cycle: initial prototyping, alpha testing, feedback incorporation, and beta testing with representative users.
Usability testing employed the System Usability Scale, and functionality testing verified data integrity, synchronization,
and alert accuracy.

The “Chalerm App” was developed as a strategic response to address the barriers identified in Phase 1, with a strong
emphasis on user-centered design, accessibility, and simplicity. The primary goal was to create an intuitive digital
platform to improve the quality and continuity of care for elderly individuals and those with chronic conditions,
particularly diabetes and hypertension. The Chalerm App integrates four key features designed to streamline healthcare
services and support patient self-care (Figure 1).

1. Demographic Information Display: The app provides authorized healthcare providers and caregivers with secure
access to essential demographic and medical data, including chronic disease profiles, medication history, and
allergy records. This functionality enhances care coordination and facilitates timely decision-making during both
routine and emergency care.

Chalerm App key Compenent features
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1. Navigation Support: By integrating GPS technology, the app assists healthcare workers and community health
volunteers in efficiently locating patients’ residences, particularly in rural and remote areas. This feature reduces
response times during medical visits, promotes proactive follow-up care, and improves the delivery of community-
based health services.

2. Health Knowledge Repository: The app offers a comprehensive digital library of educational resources, including
care guidelines, interactive e-posters, and instructional videos tailored to chronic disease prevention, elderly care,
and emergency response. These resources are designed to enhance caregivers’ competencies, promote self-care
behaviors, and strengthen health literacy withinthe community.

3. Health Knowledge Repository: Offered educational resources, including care guidelines, e-posters, and instruc-
tional videos, to support caregivers in both routine and emergency care situations.

Research Instruments
The questionnaire consisted of five main sections.

The first section focused on demographic characteristics and included six items that collected information on
participants’ gender, age, marital status, occupation, monthly income, and educational level. These demographic data
were used to describe the sample characteristics and facilitate the interpretation of the study findings.

The second section assessed the quality of the innovation and consisted of ten items. A five-point Likert scale was
employed, and participants were instructed to choose only one response per item. Higher scores indicated a better
perceived quality. Specifically, a score of 5 represented “excellent”, 4 denoted “good”, 3 indicated “fairly good”, 2
reflected “fair”, and 1 referred to “needs improvement”.

The third section evaluated participants’ competency in elderly health care and consisted of fifteen items. A three-
point rating scale was applied, considering both positive and negative performance perspectives. For positive competency
behaviors, scores were assigned as follows: 2 points for frequent performance, 1 point for occasional performance, and 0
points for non-performance. Conversely, for negative competency behaviors, the scoring was reversed: 0 points for
frequent performance, 1 point for occasional performance, and 2 points for non-performance. The mean scores derived
from this section were used to classify competency levels into three categories:Low competency: 0.00-0.66, Moderate
competency: 0.67—1.32, and High competency: 1.33-2.00.

The fourth section measured innovation usability and satisfaction. This section evaluated three core dimensions: ease
of use, perceived usefulness, and overall satisfaction with the developed innovation. A five-point Likert scale was
applied, where higher scores indicated greater usability and overall satisfaction.

The fifth section consisted of focus group discussions (FGDs), in-depth interviews, and participant observation
guidelines, which were used to explore barriers, success factors, and recommendations for developing community-
based elderly healthcare innovations.

Content validity was established through an expert review conducted by three specialists, with an Item-Objective
Congruence (IOC) index ranging from 0.67 to 1.00. The internal consistency of the questionnaire was found to be
acceptable, with a Cronbach’s alpha coefficient of 0.80.

Data Collection

Preliminary stakeholder meetings established shared objectives and engagement strategies. Research assistants were
trained to standardize data collection and app guidance. Quantitative data were collected at baseline and post-intervention
(20-30 minutes per session) and entered systematically.

Qualitative data were collected using three approaches: focus group discussions (FGDs), in-depth interviews, and
participant observation to explore barriers, success factors, and recommendations for developing elderly healthcare
innovations in the community. Focus Group Discussions (FGDs): Two FGDs were conducted with 12 stakeholders per
group, including healthcare providers, community health volunteers, and local leaders from the Chalermphrakiat Wat
Suankhan Subdistrict Health Promoting Hospital service area. A semi-structured guide was used, and discussions lasted
45-60 minutes. Key topics included current elderly healthcare practices, challenges, enablers, and suggestions for
improvement. In-depth Interviews: 10 key informants per subdistrict, including health workers and stakeholders, were
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purposively selected. Semi-structured interviews focused on participants’ experiences, barriers, and recommendations.
Each session lasted 30-60 minutes, and data were collected until saturation was achieved. Participant Observation:
Participant observation was conducted during elderly healthcare activities to validate findings from FGDs and In-depth
Interviews. The researcher recorded detailed field notes, audio recordings (with consent), and photographs. Triangulation
across methods enhanced the credibility and trustworthiness of findings.

Data Analysis

Descriptive statistics summarized participant demographics and baseline characteristics. Paired t-tests assessed pre- and
post-intervention changes in elderly health competency and satisfaction. One-sample t-tests compared innovation quality
scores to predefined benchmarks (mean >4.0). Normality assumptions were verified using Q—Q plots. Qualitative data
were analyzed using thematic analysis with methodological triangulation (observations, interviews, documents), ensuring
credibility and trustworthiness.

Ethical Considerations

Ethical approval was obtained from the Nakhon Si Thammarat Provincial Public Health Office Ethics Committee
(Approval No. NSTPH 11/2567, February 27, 2024). The study was conducted in accordance with the Declaration of
Helsinki. Confidentiality was maintained through anonymous data collection, and informed written consent was obtained
from all participants prior to study involvement.

Results

General Characteristics of the Participants

Situation analysis phase: Among the 223 participants, the majority were female (57.81%). Most participants were aged
60 years and above (38.86%), and more than half were married (51.81%). Regarding educational attainment, 25.91% had
completed secondary school. In terms of occupation, the largest group consisted of farmers (20.73%).

Evaluation phase: A total of 30 participants were included in this phase, with the majority being female (60.0%). The
highest age distribution was observed in the 66—69 and 70-79 age groups (23.33% each). Most participants were married
(30.0%) and had completed elementary education (26.67%). In terms of employment status, 30.66% of the elderly
participants were unemployed.

Phase |: Community-Based Situation Analysis

The situation analysis revealed prevalent chronic conditions, including hypertension, diabetes, and arthritis, requiring
continuous monitoring. Limited access to healthcare services, geographic isolation, and provider shortages were critical
barriers. Mental health concerns, particularly social isolation, were reported as major challenges. One participant stated,
“Sometimes I feel lonely and cannot go to the clinic because it is too far, and nobody can accompany me”. Another
caregiver noted, “We often don’t know how to use the health apps; training would help a lot”.

Financial limitations and technological illiteracy hindered adoption of healthcare innovations. These findings high-
light the need for simple, contextually appropriate interventions, such as portable blood pressure monitors and medication
reminder boxes, supported by caregiver training and community peer networks.

Overall, the elderly health care competency score of participants was generally moderate, with mean scores ranging
from 1.05 to 1.48 across 15 domains. The highest scores were observed in three domains: providing regular guidance on
elderly care (Mean = 1.48, S.D. = 0.69), developing and disseminating beneficial health information (Mean = 1.48, S.D.
= 0.73), and receiving support from relevant agencies for elderly-related projects (Mean = 1.47, S.D. = 0.68). These
results suggest that staff were able to deliver ongoing guidance, maintain information-sharing practices, and access
institutional support, classifying these competencies as high-level. Conversely, the lowest scores were in creating an
environment conducive to elderly living (Mean = 1.05, S.D. = 0.64), consistent follow-up and home visits (Mean = 1.14,
S.D. =0.57), and collaboration with community leaders to support elderly mental health (Mean = 1.08, S.D. = 0.76). This
indicates limitations in environmental adaptation, continuity of home-based care, and integration of mental health
activities within community networks. Several competencies remained at a moderate level despite being essential for
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Figure 2 Mean scores of competency levels of elderly health care within the catchment area of Chalerm Phrakiat Wat Suan Khan Subdistrict Health Promoting Hospital.

elderly health promotion, including providing consistent health services (Mean = 1.22, S.D. = 0.82), monitoring care for
ill elderly individuals (Mean = 1.32, S.D. = 0.42), and organizing health education sessions (Mean = 1.28, S.D. = 0.63).
While services were offered, gaps persisted in structured health education and systematic follow-up (Figure 2).

Phase 2: Development of the Chalerm App

The Chalerm App was developed to address barriers identified in Phase 1, emphasizing user-centered design, accessibility,
and simplicity. Its four core functions—Remote Appointment Scheduling, Demographic Information Display, Home
Navigation Support, and Health Knowledge Repository—enabled seamless connection between elderly patients, caregivers,
healthcare providers, and community health workers. Implementation of the app facilitated efficient, patient-centered
management of chronic conditions, particularly diabetes and hypertension, by combining remote service delivery, data
accessibility, geolocation navigation, and knowledge-sharing tools. Overall, the Chalerm App supported continuity of care,
enhanced self-management among elderly users, and strengthened community-based healthcare systems (Figure 3).
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Figure 3 Chalerm App, a mobile health application for chronic disease management and elderly care (developed by the local healthcare workers and community ideas).
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Table | Evaluation of Chalerm App Quality Against Target Criteria (n = 30)

Innovation Quality | Target Criteria | Mean £ SD | p-value | Cohen’s d
Content 4.00 461 £0.26 | <0.00l 235
Usability 4.00 453 +032 | <0.00l 1.63
Appearance 4.00 4.48 + 0.29 <0.001 1.66
Utilization 4.00 4.56 + 0.23 <0.001 248
Overall Quality 4.00 445 +0.37 | <0.00I 1.36

Table 2 Comparison of Elderly Care Outcomes Before and After Implementation of Chalerm

App (n = 30)
Variables Full Score Mean + SD p-value | Cohen’s d
Before After
Elderly health care performance | 2.00 1.28 £ 0.62 | 1.72 + 0.60 | <0.001 0.71
Opinions on the innovation 5.00 3.64 £ 0.39 | 450 £ 0.30 | <0.001 2.27
Overall quality of care services | 5.00 372 £ 039 | 447 £ 041 | <0.001 191
— Service provision 5.00 3.68 + 0.40 | 445 + 0.36 | <0.001 2.06
— Staff providing services 5.00 3.67 £ 044 | 447 £ 0.27 | <0.001 2.11
— Facilities 5.00 3.63 +0.36 | 426 + 0.27 | <0.001 1.85

The evaluation against predefined criteria demonstrated high quality across multiple dimensions, including content,
usability, appearance, utility, and overall performance (Table 1). Effect sizes (Cohen’s d) for overall quality exceeded 1.5,
indicating a very large effect. These findings highlight the app’s novelty and its significant contribution to community-
based elderly care by seamlessly integrating technology, health knowledge, and accessibility into a single platform.

Phase 3: Evaluation of Innovation Implementation

Implementation of the Chalerm App resulted in significant improvements in elderly health care performance, user
perceptions, and overall quality of care (Table 2). Paired t-tests revealed highly significant differences (p < 0.001)
with large effect sizes (Cohen’s d > 0.8). Direct quotes further contextualized the findings: “The app reminds me to take
my medicine on time. I feel safer now” and “I can locate patients quickly and check their records efficiently”, illustrating
practical benefits in real-life settings.

The results demonstrate that the Chalerm App is a novel, community-based digital intervention integrating user-
centered design, healthcare monitoring, navigation, and educational support for elderly care. The app significantly
improves healthcare performance, user satisfaction, and overall quality of services while addressing barriers related to
access, technology literacy, and caregiver support.

Discussion
The implementation of the Chalerm App demonstrated significant improvements in healthcare accessibility, reduced the
burden on local facilities, and enhanced elderly care management in rural Southern Thailand. Real-time health data
exchange between users and healthcare professionals facilitated continuous monitoring and personalized interventions,
thereby empowering elderly participants to engage in better self-care and improving healthcare responsiveness. These
findings support the growing body of evidence highlighting the potential of mobile health (mHealth) solutions as
transformative tools for strengthening primary healthcare delivery in resource-limited settings.'**'°

Elderly participants exhibited notable improvements in several key health behaviors, particularly in medication
adherence, regular health monitoring, and physical activity. The app served not only as a service-access platform but
also as a behavioral catalyst by providing personalized health prompts, tracking tools, and reminders to encourage
positive lifestyle changes. These outcomes are consistent with previous studies demonstrating that digital health
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interventions enhance patient engagement and improve treatment compliance.®**° From a technology acceptance per-
spective, the high level of user engagement observed among elderly participants aligns with Davis’s Technology
Acceptance Model, which highlights perceived usefulness and ease of use as critical factors influencing
adoption.'*'"** Furthermore, the success of the app was partly attributed to its age-appropriate interface design and
the availability of community-based digital literacy support, as emphasized in prior research.?>>>-¢

The study highlights important implications for rural healthcare systems, particularly in areas like Chang Klang District,
where geographical and logistical barriers limit access to services. Customized digital innovations such as the Chalerm App
can play a transformative role in bridging these gaps. To enhance the app’s effectiveness and sustainability, several strategies
should be considered, including integrating Al-driven features such as symptom checkers and chatbots to provide real-time
decision support, enabling teleconsultation services to connect elderly users with healthcare providers, and applying user-
centered design principles to ensure inclusivity and optimize usability.'>***’2° Expanding digital literacy initiatives and
tailoring app functionality to the needs of older adults could further strengthen long-term engagement and maximize impact.

Despite these promising outcomes, several limitations must be acknowledged. The relatively short implementation period
limited the ability to assess long-term behavioral changes, sustainability, and clinical outcomes.'*~** Differences in digital literacy
among participants may have influenced levels of engagement, despite efforts to simplify the design.'”* In addition, reliance on

self-reported data introduces the possibility of response and social desirability bias,'*'

and the absence of a control group
restricts causal inference regarding the app’s effectiveness.>*>' The study was also conducted within a single subdistrict, which
may limit generalizability to other settings.’*> Finally, technical issues, including inconsistent internet connectivity and device
incompatibility, posed challenges to user experience and are common barriers in rural mHealth implementation,***

Future research should focus on evaluating the scalability and adaptability of the Chalerm App across diverse rural
contexts. Longitudinal studies are needed to examine sustained behavioral change and measure long-term health outcomes,
while randomized controlled trials would help establish causal relationships between app usage and health improvements.
Integrating Internet of Things (IoT) devices, such as wearable health sensors, could enhance real-time monitoring and support
personalized health interventions for elderly populations.*'**° In addition, cost-effectiveness analyses are warranted to guide

system-level adoption decisions and ensure the long-term sustainability of the intervention within primary care frameworks.

Conclusion

The Chalerm App proved effective in enhancing healthcare accessibility, supporting chronic disease self-management,
and strengthening community-based care for older adults in rural Southern Thailand. Its integration into existing health
systems, coupled with culturally sensitive design, highlights its potential as a scalable mHealth innovation for under-
served settings. However, sustainability will require addressing structural challenges, including digital literacy disparities,
infrastructure limitations, and resource constraints. With further refinement, extended evaluation, and potential integra-
tion of advanced digital technologies, the Chalerm App could serve as a model for improving elderly care in similar rural
and resource-limited communities worldwide.
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