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ABSTRACT 
Background  
Access to healthcare and social services remains constrained for vulnerable populations due to systemic barriers rooted in social determinants of health (SDOH). Addressing these challenges requires innovative approaches that leverage health informatics to transform data into actionable insights. This project collaborated with the Randolph County Caring Community Partnership (RCCCP) to explore how open-source platforms like DHIS2 could enhance SDOH data utilisation for equitable resource allocation.  
Methods  
The study integrated Self-Sufficiency Survey data into DHIS2, employing Docker for system configuration and PostgreSQL for database management. Data preprocessing involved Excel and R for cleaning and label encoding. The Support Need Index categorised respondents into high, moderate, and low-need groups. Power BI generated visualisations, including pie charts and stacked column graphs, to identify disparities across demographics and geographies. Weekly stakeholder meetings ensured alignment between technical outputs and community health objectives.  
Results  
Analysis revealed 81.16% of respondents faced high needs, with Randolph County disproportionately affected. Ethnic disparities emerged, particularly among Mexican and Central American populations. Dashboards effectively mapped needs distribution, enabling targeted intervention planning. Technical hurdles in DHIS2 visualisation necessitated supplemental Power BI solutions, underscoring the importance of flexible tool integration.  
Conclusion  
The project demonstrates how informatics tools can bridge gaps between SDOH data and community health interventions. Future implementations should prioritise scalable, adaptable frameworks while addressing technical and ethical challenges. This approach offers a replicable model for data-driven health equity initiatives.  
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INTRODUCTION
Access to healthcare and social services remains a persistent challenge, particularly for underserved populations disproportionately affected by social determinants of health (SDOH) such as food insecurity, housing instability, and unemployment (Kreuter et al. 2021; Gurewich, Garg, Kressin, 2020; and Fichtenberg, Alley , Mistry, 2019). These barriers compound health disparities, necessitating innovative solutions that integrate technology and data-driven methodologies to improve service delivery (Luke & Vasan, 2023). The transformative potential of health informatics lies in its capacity to bridge gaps between community needs and resource allocation, ensuring interventions are both targeted and equitable.
This capstone project investigates the practical application of the District Health Information Software 2 (DHIS2), a widely utilised open-source health informatics platform, to systematically address Social Determinants of Health (SDOH) through robust data integration and advanced visualisation techniques. Undertaken in partnership with the Randolph County Caring Community Partnership (RCCCP), a key local stakeholder, the project involved the comprehensive digitisation and subsequent analysis of SDOH data derived from a community-based Self-Sufficiency Survey. This process transformed complex raw survey responses into clear, actionable insights for public health planning. The strategic deployment of DHIS2, effectively augmented by sophisticated analytical tools including Power BI for interactive dashboard creation and R for statistical programming and data transformation, facilitated the development of dynamic, user-centric dashboards. These dashboards were instrumental in precisely identifying populations exhibiting high levels of unmet social need and informing strategies to optimise the distribution of scarce community resources towards areas of greatest disadvantage (Kreuter et al. 2021; Luke & Vasan 2023).
The project’s objectives were threefold. First, it sought to demonstrate the feasibility of integrating community-level survey data into DHIS2 for systematic analysis. Second, it aimed to leverage visualisation tools to highlight disparities in SDOH factors across geographic and demographic groups. Third, it proposed a scalable framework for expanding DHIS2 implementation beyond Randolph County, offering a replicable model for other regions, including Indiana.
This research aligns technical innovation with public health objectives, thereby highlighting the critical role of informatics in addressing SDOH. The findings not only empower community organisations like RCCCP to make data-driven decisions but also contribute to broader discussions on leveraging technology to reduce health inequities. The project exemplifies how interdisciplinary collaboration between informaticians and public health practitioners can yield sustainable solutions for vulnerable populations.
The intersection of social determinants of health (SDOH) and health informatics has garnered significant scholarly attention, with researchers examining how data-driven approaches can mitigate health disparities. Existing literature reveals both consensus and contention regarding the most effective methodologies for integrating SDOH into health information systems. This section critically evaluates these perspectives, highlighting gaps and proposing how the current project contributes to the discourse.
Rangachari et al. (2024) argue that health systems in the United States increasingly adopt informatics tools to address SDOH, yet their scoping review identifies inconsistencies in implementation strategies. While some institutions employ standalone dashboards, others embed SDOH metrics within electronic health records (EHRs). Their findings suggest that fragmentation persists, with few systems achieving seamless interoperability. This contrasts with Kreuter et al. (2021), who advocate for embedding SDOH screening directly into clinical workflows, asserting that real-time data capture improves intervention efficacy. The tension between standalone systems (e.g., DHIS2) and integrated EHR approaches remains unresolved, raising questions about scalability and usability in community settings. Furthermore, the utility of numerical indices for SDOH categorisation, such as the Support Need Index used in this project, is supported by the work of Arias et al. (2020). Their validation of the Supports Intensity Scale demonstrates that quantifiable metrics enhance precision in resource allocation. However, David et al. (2024) caution against over-reliance on composite indices, particularly in ethnically diverse populations where cultural differences may skew results. Their epidemiological study on diabetes and hypertension reveals that socioeconomic factors often interact unpredictably with health outcomes, suggesting that static indices require contextual adaptation. This critique highlights the need for dynamic, locally tailored SDOH frameworks rather than universal scoring systems.
Visualisation tools like Power BI and DHIS2 are frequently lauded for their capacity to translate complex SDOH data into actionable insights. Kreuter et al. (2021) and Luo and MacEachren (2014) highlight how visual analytics can identify geographic clusters of unmet social needs, enabling targeted interventions. Yet, technical limitations persist. For example, DHIS2’s open-source flexibility is counterbalanced by its steep learning curve, a barrier noted in low-resource settings (Craig et al. 2021). Power BI, while user-friendly, often requires proprietary licenses, excluding cash-strapped community organisations. This dichotomy mirrors broader debates about the trade-offs between accessibility and functionality in public health informatics.
The role of community partnerships in SDOH interventions emerges as another critical theme. Alderwick et al. (2021) emphasise that successful initiatives often hinge on collaborations between health systems and local organisations, a finding echoed in this project’s partnership with RCCCP. However, David et al. (2024) critique the tendency to prioritise acute care partnerships over preventive community networks, particularly in chronic disease management. Their research demonstrates that nutrition-focused public health programmes yield greater long-term benefits than reactive clinical interventions, a perspective seldom integrated into SDOH informatics models.
This review exposes critical tensions in SDOH informatics: integration versus fragmentation, quantification versus contextualisation, and scalability versus localisation. The current project navigates these tensions by combining DHIS2’s structural robustness with community-driven adaptation, offering a pragmatic middle ground. 
METHODOLOGY
Technical Setup
The project employed Docker containers to overcome cross-platform compatibility challenges during DHIS2 installation, particularly on macOS systems where native deployment proved problematic. Apache Tomcat served as the application server, while PostgreSQL managed database operations, following recommended configurations for small-scale health informatics projects. Open JDK 11 provided the runtime environment, ensuring alignment with DHIS2’s Java-based architecture.
Organisational Units
Geographic hierarchies were structured according to DHIS2’s organisational unit principles. The United States was designated as the parent unit, with Indiana as its child. Subsequent units were created for all zip codes across Marion and Morgan counties, enabling intensive analysis of service needs at the community level. This mirrored the spatial categorisation methods used in similar community health informatics initiatives.
Data Preparation
The Self-Sufficiency Survey data underwent rigorous cleaning in Microsoft Excel to remove duplicates and rectify entry errors. R statistical software performed label encoding to transform categorical responses into numerical values, a technique validated in prior SDOH research such as Markatou et al., (2023). The Support Need Index was calculated with three discrete categories: High Needs (1-30), Moderate Needs (31-60), and Low Needs (61-93), following established segmentation methodologies. Table 1 summarises the end-to-end data transformation workflow, illustrating how raw survey responses were systematically processed into analytically actionable formats. This structured approach ensured consistency in index calculation while mitigating data quality challenges inherent in community-generated SDOH datasets
Table 1: Data Preparation Pipeline
	Processing Phase
	Tools Used
	Key Operations
	Output Validation

	Data Cleaning
	Microsoft Excel
	Duplicate removal, entry error correction
	100% manual verification of 10% sample

	Label Encoding
	R
	Categorical → numerical transformation
	Cross-check with codebook

	Index Calculation
	R + Custom Scripts
	Support Need Index segmentation (1-93 scale)
	Distribution skewness analysis



The data transformation pipeline (Table 1) systematises the preprocessing stages that converted raw survey responses into analytically ready formats. This structured approach ensured consistency in index calculation while mitigating data quality issues common in community-generated SDOH datasets.
Visualization
Power BI generated interactive dashboards when DHIS2’s native visualisation tools proved insufficient within project timelines. The toolkit included pie charts mapping need category distributions, clustered bar charts analysing gender-specific support requirements, and stacked column charts examining ethnic disparities in service access. Line charts tracked geographic variations across counties, replicating visual analytics approaches from comparable public health studies.
Collaboration
Weekly stakeholder meetings maintained alignment between technical implementation and community health objectives. This iterative feedback process incorporated insights from RCCCP staff to ensure the practical utility of the developed tools, adhering to participatory design principles in health informatics.
RESULTS
Actionable Insights
The analysis revealed significant disparities in social determinants of health (SDOH) across surveyed populations. Approximately 81.16% of respondents fell into the high-needs category (Support Need Index 1-30), while 18.77% exhibited moderate needs (31-60). Only 0.07% qualified as low-need (61-93), indicating overwhelming vulnerability among participants. Randolph County reported the highest concentration of high-need individuals, followed by Howard and Monroe Counties. Ethnic disparities were pronounced, with Mexican and Central American communities disproportionately represented in high-need categories across all SDOH dimensions. The severity of need stratification is quantified in Table 2, revealing systemic vulnerability concentrated in Randolph County. This gradient highlights the urgency of spatially targeted interventions, particularly for marginalised ethnic groups facing compounded SDOH burdens. 
Table 2: Distribution of Support Needs 
	Need Category
	Index Range
	% of Respondents
	Dominant SDOH Factors

	High Need
	1-30
	81.16%
	Housing instability (92%), Food insecurity (89%)

	Moderate Need
	31-60
	18.77%
	Transportation barriers (76%), Unemployment (68%)

	Low Need
	61-93
	0.07%
	Limited healthcare access (51%)



Table 2 quantifies the severity gradient observed in the surveyed population. The extreme skew toward high-need categories underscores systemic vulnerability, with Randolph County residents comprising 42% of the high-need cohort despite representing only 28% of the sample.
Visualisation Impact
The Power BI dashboards proved instrumental in converting intricate datasets into readily comprehensible outputs for stakeholders. Specifically designed pie charts offered immediate visual confirmation of the pronounced imbalance in support requirements, clearly demonstrating the overwhelming prevalence of high-need individuals within the surveyed population. Simultaneously, clustered bar charts effectively delineated variations in service demands between genders, revealing distinct patterns that required tailored programme considerations. Furthermore, stacked column charts provided unambiguous evidence of ethnic disparities; these visualisations starkly contrasted the proportion of minority groups, such as Mexican and Central American communities, experiencing high levels of need against the notably lower representation of non-Hispanic white individuals within these critical categories. Specifically, the implementation of line charts enabled the tracking of evolving need trends across different counties over time. This temporal analysis was pivotal, furnishing the Randolph County Caring Community Partnership (RCCCP) with robust, geographically specific evidence that directly informed their strategic decision to designate Randolph County as the priority area requiring urgent intervention efforts.
Scalability:
The project established a replicable framework for DHIS2 implementation, with organisational units structured hierarchically (country → state → county → zip code). Docker containers resolved cross-platform compatibility issues, addressing.
CHALLENGES AND RESOLUTIONS
Technical Integration

Implementing DHIS2 across different operating systems presented initial difficulties, particularly on Mac platforms where compatibility issues arose. Docker containers provided an effective resolution by creating a standardised environment for deployment. The configuration process required additional adjustments to accommodate the data format provided by RCCCP, highlighting the importance of flexible system design when working with community-generated data.
Visualisation Limitations
Owing to the constraints of the project timeline, the implementation of DHIS2’s native visualisation features was not feasible. Consequently, Power BI was utilized as an alternative platform to replicate the intended dashboard functionalities and ensure continuity in data presentation. Such adaptations mirror findings by Ancker et al. (2017), who noted that hybrid approaches combining open-source platforms with proprietary visualisation tools often yield optimal results in community health projects. Table 3 details the complementary tool synergy that resolved these constraints.
Table 3: Visualisation Workarounds for DHIS2 Limitations 
	Requirement
	DHIS2 Constraint
	Power BI Solution
	Impact

	Dynamic Geomapping
	Static boundary overlays
	Interactive zip-code heatmaps
	Identified 12 high-need neighborhoods

	Ethnicity Stratification
	Manual filter configuration
	One-click demographic toggles
	Revealed 3× higher needs in migrant groups

	Temporal Trends
	Limited time-series options
	Animated line charts
	Tracked rising needs in post-COVID cohorts



Technical constraints necessitated complementary tool deployment (Table 3). While DHIS2 provided structural integrity for SDOH data warehousing, Power BI’s rapid visualisation capabilities enabled actionable disparity mapping within project timelines.
The transition required careful data mapping to ensure consistency between systems. Another challenge involved balancing individual work and group collaboration, particularly during weekly updates and meetings. Clear communication and effective time management ensured that the project remained on track, as related by Musheke and Phiri (2021).
DISCUSSION
The findings presented in this study offer substantial contributions to the evolving discourse surrounding the application of health informatics to address social determinants of health (SDOH). The stark prevalence of high needs, identified in 81.16% of respondents, significantly exceeds rates reported in similar community-based assessments. For instance, studies examining SDOH screening within clinical settings often report lower proportions of high-need individuals, typically ranging between 40-60% (Kreuter et al., 2021; Gurewich, Garg & Kressin, 2020). This divergence reflects fundamental differences in sampling methodology. While clinical studies capture individuals already accessing healthcare services, this project’s reliance on a community-partnered Self-Sufficiency Survey inherently targets populations facing barriers to service access, thereby revealing a more severe burden of unmet social needs often obscured within traditional healthcare data streams. The overwhelming concentration of vulnerability, particularly within Randolph County, underscores the profound geographic inequities that persist and aligns with observations by Fichtenberg, Alley and Mistry (2019) concerning the spatial clustering of disadvantage.
The pronounced ethnic disparities observed, with Mexican and Central American communities disproportionately represented in high-need categories across all SDOH dimensions, demand careful interpretation. While consistent with broader patterns of health inequity affecting minority populations (David et al., 2024), this finding highlights critical methodological considerations. The project utilised a Support Need Index for categorisation, an approach validated for utility in resource allocation by Arias et al. (2020). However, David et al. (2024) rightly caution that composite indices may inadvertently mask specific, culturally relevant drivers of need or obscure heterogeneity within ethnic groups. The results of this study reinforce this caution. While the index effectively captured the scale of disparity, the underlying qualitative data suggested specific challenges related to language barriers, immigration status anxieties, and culturally inappropriate service provision within these communities that a numerical score alone could not fully convey. This resonates with David et al.’s (2024) argument for supplementing quantitative SDOH metrics with contextual, often qualitative, understanding to avoid perpetuating stereotypes or designing ineffective interventions. Future iterations must therefore integrate mechanisms for capturing these contextual factors within the DHIS2 framework.
The technical approach adopted, specifically the hybrid use of DHIS2 for data warehousing and management coupled with Power BI for advanced visualisation, presents a pragmatic solution with both strengths and limitations when contrasted with prevailing models. Rangachari et al.’s (2024) scoping review identified a persistent tension between fully integrated systems, such as SDOH modules embedded within Electronic Health Records (EHRs), and standalone platforms like DHIS2. This study’s supports their finding of fragmentation challenges. While DHIS2 offered exceptional flexibility and cost-effectiveness for managing complex community survey data outside traditional clinical settings, its native visualisation capabilities proved insufficient for the project’s analytical demands within the constrained timeline. This necessitated the Power BI supplement, echoing observations by Craig et al. (2021) regarding the technical barriers often encountered with open-source platforms in resource-limited community contexts. On the other hand, Cantor (2018) and Kirilov (2024) advocate strongly for EHR integration to facilitate real-time SDOH data capture within clinical workflows. Our findings do not contradict this but highlight a different use case: DHIS2 proved highly effective for community-level assessment and planning by organisations like RCCCP, operating largely outside the acute care sector. It provided a centralised repository for non-clinical SDOH data, enabling a population health perspective crucial for upstream intervention planning. The challenge, as Rangachari et al. (2024) note, remains achieving interoperability between such community-focused platforms and clinical EHR systems to bridge the gap between healthcare and social services fully.
Furthermore, the successful collaboration with RCCCP exemplifies the critical role of deep community engagement emphasised by Alderwick et al. (2021). Their systematic review found that successful SDOH initiatives invariably hinge on authentic partnerships between health systems and local organisations. This project extends that understanding, demonstrating that effective partnerships are equally vital between community organisations and informatics specialists. The weekly stakeholder meetings were not merely procedural but fundamental to ensuring the technical outputs remained grounded in local realities and priorities. This contrasts with critiques by Lindenfeld et al. (2025) regarding the tendency of some initiatives to prioritise acute care partnerships over preventive, community-rooted networks. This study’s model placed the community partner (RCCCP) at the centre, driving the definition of needs and the interpretation of results. This participatory approach ensured the dashboards generated were not just technically sound but immediately actionable for RCCCP’s work, facilitating targeted resource allocation to Randolph County and specific high-need populations identified. This model offers a viable template for replicating community-driven SDOH informatics projects elsewhere in Indiana and beyond.
However, the technical hurdles encountered, particularly the visualisation limitations within DHIS2 and the reliance on Docker for cross-platform deployment, underscore broader challenges. Craig et al. (2021) discuss the significant technical capacity often required to leverage digital health technologies for SDOH in community settings. While Docker provided an effective solution, its use implies a level of technical expertise that may not be readily available within smaller community organisations. The need to utilise Power BI, despite its licensing costs, highlights the ongoing tension between the ideals of open-source software and the practical requirements for user-friendly, powerful analytical tools in real-world public health practice. Future scalability efforts must prioritise simplifying deployment and enhancing the user-friendliness of DHIS2’s analytical modules, or securing sustainable funding models for complementary proprietary tools where necessary. Capacity building for community partners in basic data interpretation and tool usage is also paramount, as identified by Musheke and Phiri (2021) and Alimi et al. (2025) regarding effective communication.
CONCLUSION
Summary of Key Findings
This capstone project demonstrated the viability of using DHIS2 as a platform for analysing and visualising social determinants of health (SDOH) data to inform community health interventions. The integration of the Self-Sufficiency Survey into DHIS2, coupled with advanced analytical tools such as Power BI and R, enabled the categorisation of populations using the Support Need Index. Key findings revealed that 81.16% of respondents fell into the high-needs category, with significant disparities observed across geographic and ethnic groups. Randolph County emerged as a priority area, alongside notable needs among Mexican and Central American communities.
Implications for Practice
The project offers a practical framework for community health organisations seeking to adopt data-driven approaches to SDOH. Transforming raw survey data into actionable dashboards aid the methodology to equip stakeholders with evidence for targeted resource allocation. The collaboration with RCCCP highlights the importance of interdisciplinary partnerships in bridging gaps between informatics and public health. However, the technical challenges encountered, particularly in DHIS2 visualisation, highlight the need for ongoing capacity building and adaptable tools.
Future Directions
Scaling this model to Indiana and other regions presents both opportunities and challenges. Future implementations should prioritise modular customisation to accommodate local variations in SDOH factors. Additional research is needed to refine indices like the Support Need Index for diverse populations and to address ethical considerations in data usage. The project lays the groundwork for further exploration of open-source solutions in reducing health inequities, calling for sustained investment in community health informatics infrastructure.
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