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Abstract 

Background/Objectives: Achieving Universal Health Coverage (UHC) and Sustainable 

Development Goal 3 in low-resource settings relies on integrating digital health systems. In India, 

digital health tools have expanded rapidly, yet block-level supervisors and community health 

workers (CHWs) continue to face “last-mile” implementation barriers. This study aimed to develop, 

and expert validate a user-centric Fast and Frugal Tree (FFT) decision-support tool enabling block-

level public health supervisors to identify and resolve operational bottlenecks in digital health 

delivery. Methods: A mixed-methods study in an aspirational district with a low Human 

Development Index) Muzaffarpur, Bihar, included a baseline survey (n = 95 CHWs), 32 in-depth 

interviews, and six focus group discussions. Thematic analysis identified key operational and 

behavioral challenges. A 10-step FFT tool was designed and validated through a two-round modified 

Delphi process with 14 experts. Results: Fieldwork revealed critical deficits in device functionality, 

connectivity, digital literacy, and grievance redressal systems. The FFT tool maps these bottlenecks 

to clear, actionable steps. The Delphi consensus exceeded 90% for clarity, relevance, and 

completeness. The final tool achieved an overall mean Content Validity Index (CVI) of 0.90, with 

item-level CVI (I-CVI) scores ranging from 0.79 to 1.00 across domains such as clarity, relevance, 

completeness, practicality, and scalability, indicating strong and consistent expert agreement. 

Iterative refinement ensured contextual adaptability and field readiness. Conclusions: The validated 

FFT tool bridges research and practice by offering a scalable, pragmatic protocol for digital health 

supervision. Its adoption could improve troubleshooting, data quality, and health system 

performance in similar low-resource settings. 

Keywords: digital health; decision-support tool; Fast and Frugal Tree; public health supervision; 

community health workers; program implementation; content validation; low-resource settings; 

block-level supervision; India 
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1. Introduction 

Digital health is increasingly recognized as a critical enabler in the pursuit of Universal Health 

Coverage (UHC) and the Sustainable Development Goals (SDGs) in low- and middle-income 

countries (LMICs)[1–3]. In India, national policy reforms have emphasized the expansion of digital 

platforms, electronic health records, telemedicine, and mobile health (mHealth) applications to 

address persistent challenges in access, quality, and equity of health services[4,5]. Examples include 

the Ayushman Bharat Digital Mission and the Digital India campaign, which have sought to 

accelerate the integration of digital solutions throughout the health system[6,7]. Despite such efforts, 

substantial barriers remain, especially at the last mile, especially in districts with low resource settings 

where digital health strategies must be translated into meaningful improvements for underserved 

populations [8–10]. 

Aspirational districts represent India’s most challenging health and development environments. 

Identified by NITI Aayog as regions lagging in composite indicators of health, nutrition, education, 

financial inclusion, and infrastructure, leading to a poor human development index (HDI)[10]. These 

districts have been identified as the 112 worst-performing districts across 26 states of India and 

receive targeted policy and programmatic attention from both national and state governments[9,10]. 

Muzaffarpur district in Bihar state of India, for example, is characterized by high population density, 

and it is also the district with the highest population among all 112 aspirational districts, recurrent 

natural disasters, and entrenched poverty along with poor healthcare facilities and frequent epidemic 

outbreaks with the yearly outbreak of acute encephalitis syndrome (AES) the district remains in news 

for the death young children almost every year[10–12]. According to the National Family Health 

Survey-5 (NFHS-5), Muzaffarpur continues to experience stunting rates above 42 percent among 

children under five and anemia prevalence exceeding 66 percent in women of reproductive age, 

reflecting persistent health inequities and the need for innovative, scalable solutions [13]. 

At the community level, India relies on a vast workforce of community health workers (CHWs), 

including Accredited Social Health Activists (ASHAs), Auxiliary Nurse Midwives (ANMs), and 

Anganwadi Workers (AWWs)[14]. These frontline workers are the backbone of maternal and child 

health, nutrition, immunization, and surveillance programs, especially in remote or resource-limited 

regions [14,15]. The adoption of digital health tools by CHWs has shown promise for improving 

service coverage, enhancing data quality, and supporting real-time decision-making [16–18]. 

However, field reports and published research consistently highlight a range of barriers that limit the 

effectiveness and sustainability of these digital interventions[19,20]. 

Major challenges include unreliable or outdated devices, intermittent network connectivity, 

limited digital literacy, and inconsistent access to technical support[10,11,20–22]. Many CHWs are 

required to maintain both digital and paper-based records, increasing workload and sometimes 

leading to data inconsistencies [16,23,24]. Further, the rollout of multiple digital applications and 

other mHealth platforms often leads to confusion, burnout, and reporting duplication among the 

field-level public health workforce[25,26]. 

Block-level supervisors, such as Medical Officers in Charge (MOICs) and Child Development 

Project Officers (CDPOs), play a pivotal role in supporting and monitoring CHWs. However, 

frontline supervisors themselves report difficulties with fragmented digital platforms, parallel data 

systems, limited training, and resource constraints for troubleshooting digital health challenges in 

the field, along with the poor communication of the guidelines, becomes a tool to pass the ball to 

other departments, leading to programmatic failure of flagship programs on the ground [25,27–29]. 

There is robust and growing evidence that the effective and equitable implementation of public 

health programs, including digital health initiatives in contexts such as aspirational districts, depends 

on supportive supervision approaches characterized by mentorship, problem solving, and 

collaborative engagement rather than fault finding or punitive oversight. Additionally, the adoption 

of simplified and transparent field protocols such as decision trees and structured checklists has 

proven instrumental in guiding evidence-based practice, enhancing the consistency of service 

delivery, and bridging evidence to practice gaps in diverse and resource-constrained settings[30,31]. 
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Global literature provides both optimism and caution. Systematic reviews suggest that digital 

health platforms can significantly improve service delivery, monitoring, and accountability when 

adapted to local context and backed by appropriate training and supervision[3,16,17]. However, 

poorly integrated or overly complex digital solutions risk undermining worker motivation and data 

quality, especially when user experience is not prioritized[18–20]. Studies underscore the necessity 

of user-centric, context-adapted digital health interventions for meaningful and sustainable impact 

in LMICs [1,16,32]. 

In this context, there is a recognized gap for practical, evidence-based decision-support tools that 

can empower supervisors and CHWs to rapidly identify and resolve digital health implementation 

barriers. Fast and Frugal Trees (FFTs) are a simple decision tree that has emerged as an effective 

decision-support protocol in healthcare, offering a sequence of clear, binary steps to guide users 

through troubleshooting in resource-limited setting[33]s. FFTs reduce cognitive burden and promote 

efficient problem-solving by focusing on actionable, context-specific decisions rather than complex 

algorithms or generic checklists. Evidence from other domains indicates that FFTs can enhance the 

quality, consistency, and usability of supervisory guidance, especially when informed by real-world 

experience and expert input[31,33–36]. 

Despite this potential, no validated FFT protocols exist for digital health program supervision in 

India, particularly in aspirational districts where operational constraints are severe and the need for 

adaptive, user-friendly tools is greatest. There is an urgent need for field-driven, expert-validated 

troubleshooting protocols that reflect the day-to-day realities of CHWs and supervisors in these 

contexts. 

In response, this study developed, and an expert validated a Fast and Frugal Tree (FFT) decision-

support tool to guide digital health supervision in Muzaffarpur, an aspirational district in Bihar. 

Drawing on quantitative surveys, qualitative interviews, and focus group discussions with CHWs 

and supervisors, and iterative validation with digital health and public health experts, this work aims 

to offer a pragmatic, scalable protocol that can strengthen digital health program implementation in 

low-resource settings. 

2. Materials and Methods 

2.1. Study Design 

This secondary outcome-based sequential research focused on developing and externally 

validating a Fast and Frugal Tree (FFT) as a supervisory tool for digital health program 

implementation in resource-limited settings. The FFT was conceptualized based on empirical needs 

identified during a primary mixed-methods field study, but this manuscript centers on the protocol’s 

design and validation as an independent outcome. 

2.2. Ethical Approval and Data Sharing 

All study procedures were approved by the Institutional Ethics Committee of Manipal Academy 

of Higher Education (IEC1:354/2022). Written informed consent was obtained from all field 

participants and expert panellists. Data were managed using encrypted, password-protected 

systems, with all identifiers removed before analysis. Aggregated, anonymized datasets and the FFT 

protocol are available on request for academic use. 

2.3. Needs Identification: Brief Summary of Field Evidence 

The FFT’s development was grounded in field data collected in Muzaffarpur, Bihar, between 

May and December 2023. A stratified random sample survey of ninety-five community health 

workers (CHWs) and qualitative interviews with both CHWs and block-level officers systematically 

revealed major operational challenges in digital health implementation. Survey and interview guides 

explored digital device access, network reliability, digital skills, app usage, record-keeping, technical 
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support, and supervisory practices. Qualitative data were coded in ATLAS.ti, confirming widespread 

issues with device attrition, unreliable connectivity, variable digital literacy, dual reporting burdens, 

inconsistent training, and delayed grievance redressal. Although these results are reported in detail 

elsewhere, their synthesis directly shaped the FFT’s conceptual foundation. 

2.4. FFT Tool Conceptualization and Drafting 

Following thematic analysis of both quantitative and qualitative findings in early 2025, the need 

for a practical, field-adapted supervisory decision-support tool became clear. Drawing on cognitive 

decision science and digital health implementation literature, the FFT was designed as a sequential 

protocol, with each step mapped to a specific, empirically observed operational bottleneck. The initial 

draft included ten binary decision nodes, each paired with a suggested corrective action and 

escalation pathway. These nodes addressed key issues, including device functionality, network 

connectivity, digital app installation and training, user proficiency, motivation, data quality, technical 

troubleshooting, and grievance mechanisms. The internal review phase involved iterative 

discussions and revision among the research team and select field managers, improving the tool’s 

clarity, flow, and feasibility. 

2.5. External Expert Validation: Open Call and Delphi Process 

2.5.1. Expert Recruitment: Open Call and Professional Outreach 

Expert validation was conducted in June 2025 through a two-stage approach, beginning with an 

open call for expressions of interest. A Google Form invitation was disseminated through 

professional networks, targeted digital health groups, and LinkedIn. The invitation explained the 

FFT’s background, purpose, and intended use for block-level managers and development partners in 

India’s digital health programs. Criteria for participation included a minimum of three years’ 

experience in digital health, mHealth, public health information systems, or block-level program 

implementation. Respondents were asked to indicate their experience, current position, geographic 

scope, area(s) of expertise, prior supervisory roles, and willingness to participate in the validation 

exercise. The form also allowed for the submission of a CV or LinkedIn profile and assured 

confidentiality in all subsequent research outputs. 

From this open call, a panel of fourteen experts was selected for the full Delphi validation 

rounds. These experts represented block, district, divisional, state, and national levels, as well as 

NGOs, technical agencies, government, and international development organizations. All had hands-

on experience with the operational realities of digital health program delivery. 

2.5.2. Delphi Round 1: Structured Tool Review 

In the first Delphi round, each expert received the draft FFT protocol along with a detailed 

background note summarizing the tool’s design rationale and fieldwork origins. The review was 

facilitated through a structured online Google Form, in which experts were asked to evaluate each of 

the ten FFT steps and the overall tool across five validation domains: clarity, relevance, completeness, 

practicality, and logical sequence. 

A five-point Likert scale was employed for each domain, ranging from one (strongly disagree) 

to five (strongly agree). The choice of a Likert scale, rather than a binary format, was informed by 

expert recommendations received during initial outreach, allowing for more nuanced differentiation 

of consensus and variability across a diverse panel. In addition to numeric ratings, experts provided 

open-ended feedback at both the tool and step level, including suggestions for new content, language 

revisions, sequence changes, or additional implementation guidance. 

Consensus was defined a priori as seventy percent or greater of experts selecting “agree” or 

“strongly agree” (scores of four or five) for each domain of a given step or for the tool as a whole. 

2.5.3. Feedback Synthesis and FFT Revision 
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Quantitative data from the first Delphi round were analyzed to calculate agreement percentages 

for each validation domain at both the step and overall tool levels. Qualitative feedback was 

systematically coded and thematically synthesized by two research team members, with primary 

themes including requests for clearer terminology, optimization of the step sequence, merging of 

training and proficiency checks, expanded guidance for technical and grievance procedures, and 

increased focus on motivation and data accuracy. 

The FFT was revised to reflect this feedback, with language clarified, step order adjusted, and 

definitions sharpened. Compound questions were simplified where possible, and optional steps or 

branches that threatened the tool’s frugality and field usability were excluded to maintain a focus on 

actionable, block-level decision support. 

2.5.4. Delphi Round 2: Final Consensus Validation 

The revised FFT and a summary of major changes were then distributed to the same fourteen 

experts for a second Delphi round, again facilitated by Google Forms. Experts were asked to repeat 

their ratings on the five-point Likert scale for all steps and domains and to offer further comments or 

suggestions. The tool and each step were again subject to the seventy percent consensus threshold 

for positive agreement. 

2.5.5. Quantitative and Qualitative Validation Outcomes 

The second round produced robust consensus across all domains. For the overall tool, clarity, 

relevance, completeness, practicality, and scalability each met or exceeded the seventy percent 

agreement benchmark, with especially strong consensus for relevance and clarity. Item-level content 

validity indices (I-CVI) and scale-level indices (S-CVI) confirmed these results quantitatively. Most 

previously critical feedback was resolved, and additional suggestions were considered for future 

adaptation. Only those recommendations compatible with the tool’s field applicability and diagnostic 

focus were integrated. 

2.6. Data Management, Coding, and Accessibility 

All field and validation data were securely managed using Excel for quantitative survey results 

and Google Forms for Delphi panel feedback. All responses were de-identified prior to analysis, and 

only aggregate, anonymized results are available for dissemination. The Google Forms can be 

accessed upon reasonable request. The validation for the round one and round two Excel sheets is 

attached as a supplement. 

2.7. Statement on Digital and Artificial Intelligence Tools 

No generative artificial intelligence or large language models were used for study design, 

protocol development, or data analysis. Grammarly and large language model-based editing tools 

were used only for language, grammar, and scientific clarity. 

3. Results 

The development and validation of the Fast and Frugal Tree (FFT) digital health decision-

support tool were driven by a robust mixed-methods approach. This section presents a granular 

account of the validation process, beginning with the composition and profile of the expert panel, 

and proceeding through the iterative two-round Delphi process. The section concludes with a 

comprehensive analysis of both quantitative content validity indices and qualitative expert feedback, 

culminating in the final validated FFT instrument. 

3.1. Expert Validation Panel: Composition and Depth 
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External content validation was anchored by a purposively selected expert panel of 14 

distinguished subject-matter experts, ranging from the block level to the national level. These 

individuals were selected for their extensive and practical experience in digital health, mHealth, 

health information systems, and field-level program implementation within the Indian and broader 

South Asian public health ecosystems. The panel's collective experience ranged from three to over 

twenty-five years, encompassing senior program managers, state-level coordinators, technical 

specialists, government consultants, nutrition officers, and technology officers. To ensure that the 

FFT would be broadly applicable, experts were drawn from a diverse set of organizational 

backgrounds, including governmental and public sector bodies, international and national NGOs, 

United Nations agencies, academic institutions, and private health technology enterprises. 

A majority of the panel had direct experience with last-mile implementation, having supervised 

community health workers (CHWs) and managed digital health programs in both rural and urban 

settings. The composition guaranteed that feedback would be both theoretically informed and 

grounded in real-world, block-level operational challenges (Table 1). 

Table 1. Anonymized Profile of the Expert Validation Panel (n = 14). 

Exper

t ID 

Role 

Descriptio

n 

Organizatio

n Type 

Geographi

c Base 

Experienc

e (Years) 

Key 

Expertise 

Field/Block 

Experience 

E1 

Senior 

Program 

Manager 

National 

NGO 

Western 

India 
>8 

Digital 

health, HIS 

Direct 

implementatio

n 

E2 
Program 

Officer 

International 

NGO 

India + 

South Asia 
3–5 

Digital 

health, 

mHealth 

Direct 

implementatio

n 

E3 

Block 

Health 

Manager 

Government 
North 

India 
5–8 

Block 

managemen

t 

Block 

management 

E4 

State 

Program 

Manager 

Maternal 

Health NGO 

Western 

India 
5–8 

mHealth, 

HIS 

Block 

management 

E5 
Senior 

Specialist 

State Tech 

Partner 

NGO 

India/Fiji 5–8 
Digital 

health, HIS 

Block 

management 

E6 

Senior 

Program 

Manager 

National 

Foundation 
East India >8 HIS 

Direct 

implementatio

n 

E7 
Senior 

Specialist 

Government 

Tech Partner 

North 

India 
5–8 

HIS, block 

managemen

t 

Block 

management 

E8 Consultant UN Agency 
Northeast 

India 
>8 

HIS, block 

managemen

t 

Block 

management 

E9 

Health and 

Climate 

Fellow 

NGO East India 3–5 
mHealth, 

HIS 

Block 

management 

E10 
Nutrition 

Officer 

International 

Agency 

National 

HQ 
>8 

Digital 

health, HIS 

Block 

management 

E11 

Project 

Coordinato

r 

International 

NGO 

North 

India 
>8 

Digital 

health, HIS 

Block 

management 
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E12 
State 

Officer 

Government 

Tech Partner 

North 

India 
3–5 

Block 

managemen

t 

Supervision 

E13 

Chief 

Technology 

Officer 

Health Tech 

Firm 

Nepal/Indi

a 
5–8 

mHealth, 

HIS 
Supervision 

E14 

District 

Coordinato

r 

State Health 

Mission 

North 

India 
3–5 

Block 

managemen

t 

Supervision 

3.2. The Delphi Validation Process: Quantitative and Qualitative Insights 

The FFT validation employed a two-round modified Delphi process, ensuring structured expert 

engagement and iterative tool refinement. This process combined quantitative assessment using 

Content Validity Indices (CVI) with deep qualitative feedback, generating a holistic validation 

trajectory. 

3.2.1. Round 1: Establishing the Diagnostic Baseline 

3.2.1.1. Quantitative Analysis: Scale- and Item-Level Content Validity 

In the initial Delphi round, 14 public health/digital health experts independently evaluated a 10-

step Fast and Frugal Tree (FFT) prototype, which contained 55 distinct decision items. Each item was 

rated for clarity, relevance, completeness, practicality, and its logical position (“At right step 

number”) using a five-point Likert scale. For quantitative analysis, Item-Level Content Validity 

Indices (I-CVI) and two Scale-Level indices (S-CVI/Ave and S-CVI/UA) were computed using a 

binary coding system, where “quite relevant” and “highly relevant” responses were scored as 

agreement. 

The aggregate results reflected a moderately strong but improvable tool. The mean scale-level 

agreement (S-CVI/Ave) across all items was 0.819, exceeding the minimum threshold for acceptability 

but below the widely recognized excellence standard of 0.90. Universal agreement (S-CVI/UA), 

defined as the proportion of items achieving unanimous expert endorsement, was particularly low 

at 0.09, with only 5 out of 55 items receiving perfect consensus. 

A closer look at the item-level data revealed that 14 items failed to meet the pre-specified I-CVI 

cutoff of 0.78. Most of these low-scoring items clustered within the “completeness” and “correct step 

order” domains, while items assessing “relevance” were rated highly across the board. This pattern 

indicated that, while there was consensus on the essential content areas, there was disagreement over 

how comprehensively items covered those areas and whether they were positioned optimally within 

the decision sequence. 

3.2.1.2. Qualitative Analysis: Thematic Synthesis of Expert Critique 

Expert commentary provided further insight into these findings. Several panellists highlighted 

the need for clearer, more objective language in the FFT items. Suggestions included separating multi-

part questions, simplifying complex verification steps, and adapting specific criteria to be context-

sensitive, such as replacing fixed timeframes with more adaptable expressions like “n days.” 

Some experts noted that steps related to grievance management and supervisor self-efficacy 

needed clearer differentiation between user and supervisor responsibilities, and questioned their 

sequencing within the decision flow. There was broad consensus that digital literacy, user motivation, 

and troubleshooting for technical issues warranted greater depth and more context-specific guidance. 

Selected remarks from experts included: 

• “The most important barrier, according to me, would be untrained CHWs. If they are not 

proficient, have poor digital literacy, or even if all other resources are available, the output and 

impact will be poor.” 
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• “Motivation should be checked objectively, and the regular use of the app can be verified by 

digital records. Steps 5 and 6 can be swapped depending on field testing outcomes.” 

• “Language barrier is not purely a technical problem and should be integrated with proficiency 

checks.” 

• “Grievance redressal timelines should be flexible; seven days may not be realistic in all settings.” 

These comments reinforced the need for the subsequent round of Delphi validation, with a focus 

on revision and consensus-building. 

3.2.2. Round 2: Iterative Refinement and Consensus Building 

3.2.2.1. Tool Revision and Expert Re-Evaluation 

Responding to the diagnostic feedback from Round 1, the research team undertook substantial 

revisions of the FFT tool. All items failing the I-CVI threshold were reworded or reorganized. 

Recommendations from the expert panel were systematically integrated, including clearer phrasing, 

more logical sequencing, context-adaptive guidance, and greater operational detail. The revised FFT 

was then subjected to a second round of expert review. 

3.2.2.2. Quantitative Outcomes: Substantial Improvement in Validity Indices 

The results from Round 2 demonstrated marked improvement in the tool’s content validity. The 

mean scale-level agreement (S-CVI/Ave) rose to 0.901, surpassing the criterion for excellent content 

validity. The proportion of items receiving perfect agreement (S-CVI/UA) also increased, with 16 

items now rated as relevant by all panellists. 

Crucially, every one of the 55 items in the revised tool achieved an I-CVI of at least 0.786, with 

most items scoring substantially higher. Notably, previously problematic items showed substantial 

gains following revision; for example, the completeness item at Step 3 improved from 0.643 to 1.00, 

and scalability at Step 5 rose from 0.571 to 0.857. Items addressing logical sequence also saw notable 

improvement. 

3.2.2.3. Qualitative Outcomes: Affirmation and Recommendations for Implementation 

Qualitative feedback from Round 2 was overwhelmingly positive. Experts praised the revised 

FFT as “clear, quick to use,” “field-useful,” and “fit for scale-up, especially in aspirational blocks.” 

Many recognized the tool’s potential to facilitate supervisory visits and frontline troubleshooting in 

block and field settings. Remaining comments focused on practical nuances for implementation, such 

as workflow integration and the adaptability of the tool to local conditions. 

Panellists’ affirmations included: 

• “The FFT is now clear and highly useful for both block-level and higher-level field visits. The 

self-check and grievance steps add value. It is fit for scale-up.” 

• “For supervisors, this is a practical self-assessment tool to reflect on their preparedness and the 

adequacy of resources. For development partners, it identifies gaps for targeted capacity 

building.” 

Minor suggestions for further refinement persisted, particularly regarding the adaptation of 

certain steps for specific contexts and the need for field-based piloting by the government agencies 

or the development partners working in the field, so as to address any residual ambiguity in 

workflow or operational guidance. These recommendations highlight the importance of moving 

toward real-world implementation research. 

3.3. The Final Validated Fast and Frugal Tree (FFT) 

The culmination of this rigorous two-round process is a validated, user-centric, final 10-step FFT, 

presented in Table 2. Each step poses a binary question mapped to operational bottlenecks, with 
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immediate, actionable pathways for “No” responses. The last step serves as a self-efficacy check for 

block staff. 

Table 2. The Final 10-Step FFT Tool for Block-Level Digital Health Troubleshooting. 

Step Supervisor Question If Yes If No 

Suggestive 

Actions 

(Examples) 

1 
Is a functional smartphone or tablet 

available with the CHW? 
Go to Step 2 Exit & Act 

Provide 

spare/repair, 

and audit 

devices 

2 
Does the device have a functional internet 

connection? 
Go to Step 3 Exit & Act 

Switch 

networks, 

offline forms, 

and recharge 

3 
Are all apps installed, and has the CHW 

received recent training? 
Go to Step 4 Exit & Act 

Install apps; 

schedule 

training 

4 
Is the CHW proficient in all digital 

applications? 
Go to Step 5 Exit & Act 

Assign 

mentor; 

refresher 

training 

5 
Is the CHW motivated and satisfied with 

digital tools? 
Go to Step 6 Exit & Act 

Motivational 

workshops, 

recognition 

6 
Are all applications working without 

technical issues? 
Go to Step 7 Exit & Act 

IT ticketing: 

escalate issues 

7 
Is the data fully updated for the last 14 

days? 
Go to Step 8 Exit & Act 

Data review: 

align 

paper/digital 

records 

8 
Is there a time-bound grievance redressal 

system? 
Go to Step 9 Exit & Act 

Implement a 

simple 

ticketing 

system 

9 
Are grievances resolved within agreed-

upon days? 
Go to Step 10 Exit & Act 

Review in 

meetings; 

escalate 

systemic 

issues 

10* 
Are resources at the block level adequate 

(self-efficacy)? 

Review 

regularly 
Exit & Act 

Self-assess 

resource gaps; 

escalate if 

needed 

* Step 10 can be optional. 

3.4. Synthesis: Overall Patterns and Implications 

• Quantitative Synthesis: The FFT moved from a baseline of basic acceptability to robust 

excellence, with all items validated at I-CVI ≥ 0.78, S-CVI/Ave = 0.901, and substantial gains in 

S-CVI/UA. 

• Qualitative Synthesis: Thematic analysis highlighted recurring strengths (clarity, practical value, 

contextual fit) and residual challenges (workflow nuances, adaptation flexibility). Panelists’ 
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insights drove targeted revisions, resulting in a tool that is both technically sound and field 

realistic. 

4. Discussion 

This study presents the development and expert validation of a Fast and Frugal Tree (FFT) 

decision-support tool for block-level digital health troubleshooting in India, addressing a critical gap 

in translating digital health strategy into operational practice in low-resource settings. The FFT’s 

pragmatic, user-centered design provides a concrete response to persistent last-mile bottlenecks that 

have been consistently documented in India and other low- and middle-income countries (LMICs), 

but which have rarely been operationalized into actionable supervisory tools. 

4.1. Synthesis with Previous Literature 

The findings of this study confirm and extend a substantial body of literature highlighting the 

persistent challenges encountered by community health workers (CHWs) and block-level managers 

at the intersection of digital health policy and field-level implementation. Multiple studies have 

described recurring problems, including device attrition, unreliable network connectivity, variable 

digital literacy, dual reporting requirements, and insufficient training. These issues continue to 

undermine the effectiveness of digital health programs and are well recognized both in India and 

globally[17,18,29,37]. 

The Muzaffarpur findings mirror national and international patterns, indicating that even where 

robust digital health policy environments exist, the success of these programs depends heavily on 

day-to-day operational realities. The literature consistently demonstrates that digital interventions 

such as the Poshan Tracker, ANMOL, and similar platforms in Africa and Southeast Asia frequently 

introduce parallel systems and fragmented workflows rather than producing the intended 

efficiencies[3,16,38–40]. The FFT’s core logic, which prompts immediate and context-specific action 

for commonly encountered bottlenecks, directly addresses this fragmentation. It provides a rare, 

field-validated solution that integrates device, network, human, and systemic factors into a unified 

supervisory tool[22,24,41]. 

4.2. Advances in Decision-Support for Digital Health 

The FFT tool builds on and advances existing frameworks for digital health supervision. 

Previous approaches have often relied on checklists, digital readiness indexes, or multi-step 

protocols, but these tools tend to be either overly generic, insufficiently adapted to the local context, 

or too complex for routine use by block-level supervisors[27,42,43]. By drawing on the Fast and 

Frugal Tree methodology, which is rooted in decision science and has demonstrated effectiveness for 

rapid judgments in resource-constrained environments, the FFT achieves a unique balance of 

comprehensiveness and usability and can provide the desired user acceptance for tiresome task 

managing processes followed by the block level officials leading to poor quality of supervision and 

data availability[33,44–46]. 

The use of a modified Delphi consensus process, resulting in a mean item-level content validity 

index of 0.90, exceeds established standards for tool validation in health research[47,48]. The FFT’s 

binary logic and explicit linkage of each step to a real-world corrective action overcome a major 

limitation of earlier algorithms and checklists: the lack of operational granularity and practical 

guidance for supervisors under field conditions[27,29,36]. 

4.3. Practical Relevance and Usability 

A central strength of the FFT is its modularity and adaptability. The iterative feedback process 

with the expert panel ensured that the steps, their sequence, and the recommended actions could be 

customized for different programmatic and geographic contexts. The inclusion of flexible timeframes, 

attention to language barriers, and integration of motivational and self-efficacy checks reflect an 
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application of behavioral science and address operational nuances highlighted in prior research 

[1,49–52]. Such features are seldom present in other published toolkits, marking the FFT as both 

innovative and highly responsive to frontline realities. 

Moreover, the explicit focus on motivation and satisfaction, along with the provision for self-

efficacy assessment at the block level, represents a significant advance over conventional decision 

trees, which have historically addressed only structural or technical barriers. These additions are 

supported by technology adoption and behavior change models, which show that perceived 

usefulness, ease of use, and organizational support are as critical as infrastructure in determining the 

uptake of digital health tools[3,41,42,53]. 

4.4. Comparison with National and Global Initiatives 

This work contributes to the ongoing discourse about digital health supervision tools in India 

and internationally. Recent government and partner initiatives, such as digital health operational 

guidelines and the deployment of supervisory dashboards, have acknowledged the importance of 

field-level troubleshooting but have yet to operationalize this recognition in ways that are both 

actionable and scalable for block-level managers [1,52,54,55]. The FFT, as validated in this study, 

provides a concrete potential solution, with consensus from practitioners across sectors and regions, 

making it ready for rapid piloting and scale-up. 

Globally, guidance from the World Health Organization (WHO) emphasizes the need for 

practical, user-driven implementation frameworks but stops short of prescribing detailed, actionable 

tools for supervisors or CHWs [1,25,32,56]. Recent research from Africa, Latin America, and South 

Asia continues to call for operational research on supervisory algorithms and real-world 

troubleshooting protocols [18,21,39,57–59]. The FFT directly addresses this gap, offering a 

reproducible model for LMICs seeking to strengthen digital health implementation at the ground 

level. 

4.5. Strengths and Limitations 

The major strength of this study lies in its rigorous mixed-methods approach, which combines 

a baseline survey, in-depth qualitative inquiry, and expert panel consensus. This triangulation 

enhances the credibility, transferability, and practical utility of the FFT, ensuring that it reflects both 

measurable gaps and lived experiences [33,36,60]. The study’s embedding within ongoing 

programmatic realities in aspirational districts with low resource availability increases its external 

validity and relevance for other high-priority districts. 

However, several limitations must be acknowledged. While the Delphi panel was diverse and 

national in scope, the validation process did not include many international experts or states with 

radically different health system architectures. Adaptation may therefore be required for some 

contexts. Furthermore, the FFT’s performance under field conditions, including its sensitivity, 

specificity, and real-world usability, has yet to be assessed through operational pilots, which can be 

planned as a next step but were outside the scope of this research. Finally, although the tool’s 

stepwise logic is designed for block-level supervisors, some steps, such as grievance resolution and 

self-efficacy assessment, may require additional customization or supplementary guidance for use 

by state-level or non-health actors. 

4.6. Implementation, Scalability, and Policy Implications 

The FFT’s modular design supports multiple modes of deployment, including as a paper 

checklist, laminated card, or digital dashboard module, making it appropriate for both immediate 

adoption and long-term integration. This flexibility aligns with global recommendations for iterative 

adaptation, enabling phased introduction and contextual learning[3,61,62]. The FFT’s structure 

allows for ongoing evolution as feedback from pilots and field testing can directly inform future 

refinements and digital transformation efforts. 
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At the policy level, the FFT offers a standardized, actionable protocol that fills a crucial gap 

between high-level digital health strategies and the often fragmented and ad hoc supervisory 

practices observed in block and district programs[1,5,55] . By equipping supervisors with a protocol 

that supports proactive problem-solving, the tool has the potential to strengthen data quality and 

user engagement. The explicit attention to motivational and behavioral determinants of technology 

use, which is rarely found in existing decision-support models, also allows for integration with wider 

organizational development and health system strengthening efforts. As India continues to expand 

digital health initiatives under the Ayushman Bharat Digital Mission (ABDM) and similar programs, 

tools like the FFT are likely to be essential for sustainable and scalable success. 

4.7. Directions for Future Research 

The expert validation of the FFT marks a significant advance, but further operational research is 

needed to evaluate its performance, impact, and user satisfaction in real-world conditions. Key next 

steps include pilot deployment in diverse districts to assess usability, time burden, and acceptability 

among supervisors and CHWs, measurement of impact on data quality, grievance resolution, and 

program efficiency compared to current supervisory practice, and adaptation and digital integration 

with state governments and partners, including links to dashboard systems and automated alerts. 

Research should also explore the impact of motivational and self-efficacy checks on technology 

adoption and workforce morale, and undertake comparative studies in other LMICs to assess 

transferability and generate cross-contextual learning[16,18,22,25]. Additionally, future versions may 

incorporate artificial intelligence or machine learning analytics for automated prioritization of field 

support, but such innovations must retain the FFT’s operational simplicity[63–68]. 

5. Conclusions 

This study demonstrates the development of a rigorous, expert-validated Fast and Frugal Tree 

(FFT) decision support tool designed to address persistent operational barriers to digital health 

implementation in low-resource Indian settings. By synthesizing quantitative and qualitative 

evidence from block level supervisors and community health workers in an aspirational district, the 

FFT provides a practical and user centric protocol for identifying and resolving the common 

bottlenecks, such as device attrition, poor connectivity, digital illiteracy, dual reporting, and limited 

grievance redressal, that routinely hinder effective digital health delivery. 

The Delphi process ensured that the FFT is both evidence-informed and field-adapted, with 

consensus exceeding international standards for content validity. Unlike conventional supervisory 

checklists or readiness indexes, the FFT explicitly integrates motivational and self-efficacy checks, 

reflecting current evidence that sustainable digital health adoption requires attention to behavioral 

as well as technical determinants. 

The tool’s modular design and adaptability make it suitable for phased implementation and 

iterative refinement in varied contexts, supporting India’s broader digital health ambitions under 

programs such as the Ayushman Bharat Digital Mission. Its explicit and actionable steps enable 

supervisors to move beyond fault-finding toward a supportive, problem-solving role that can 

improve program performance, data quality, and worker engagement. 

However, the FFT’s long-term impact depends on further piloting by the competent authorities, 

integration into routine workflows, and ongoing adaptation in response to field realities. The study’s 

limitations, including the need for wider contextual validation and operational research, point 

toward future directions, including impact evaluation, digital integration, and potential cross-

country adaptation. 

In conclusion, the FFT addresses a critical “missing middle” in digital health supervision, 

offering a pragmatic, scalable, and evidence-based tool for bridging policy and practice. If 

implemented with fidelity to its user-centric principles, it can play a vital role in advancing equitable 

and effective digital health systems in India and other low and middle-income countries. 
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