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Abstract: Stunting is a complex public health challenge that requires coordinated action across
multiple stakeholders, particularly as health services become increasingly digital. Existing digi-
tal health and sustainable business model approaches often separately address service delivery,
stakeholder participation, sustainability, and governance. This study develops a market-oriented
digital health co-creation framework that integrates these dimensions by combining Soft Sys-
tems Methodology (SSM) with the Triple Bottom Line Co-creation Canvas, using digital stunting
management in Indonesia as the empirical setting. SSM was applied to structure stakeholders’
interactions, institutional roles, operational constraints, and transformation processes. The out-
puts were then translated into practical elements of value creation, value delivery, collaboration,
ecosystem support, governance, and sustainability. The findings identify four main user groups
as community health posts, primary healthcare centers, public hospitals, and local health of-
fices. The framework also maps stakeholder roles, collaborative activities, shared resources,
co-creation mechanisms, and digital governance requirements across the stunting management
ecosystem. This study further clarifies how coordination and shared digital resources can sup-
port integrated and sustainable public-health service delivery across organizational boundaries.
The stakeholder-based assessment provided preliminary support for the practical relevance of the
framework, while comparison with WHO guidance indicated conceptual alignment with interna-
tionally recognized digital health functions and implementation considerations. The feasibility
and effectiveness of implementation require further empirical testing. This study contributes
a structured approach for linking systems thinking, sustainability, multi-stakeholder collabora-
tion, and digital governance in public health. The framework offers an analytically transferable
structure that requires contextual adaptation and further empirical testing in other low- and
middle-income settings. Indonesia serves as the demonstration context.

Keywords: Co-creation framework; Digital health; Soft systems methodology; Stunting pre-
vention; Triple bottom line

1. Introduction

Stunting remains a major global public health challenge, affecting approximately 22% of
children under five, particularly in low- and middle-income countries (Jalaludin et al., 2025;
Mulyani et al., 2025). Its multidimensional determinants require coordinated interventions
across healthcare, nutrition, sanitation, education, food security, and community services. Al-
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though digitalization may strengthen this coordination, fragmented data systems, unclear in-
stitutional responsibilities, limited digital capacity, and weak long-term support often constrain
implementation. Indonesia provides a relevant demonstration setting, as its stunting prevalence
declined from 21.5% in 2023 to 19.8% in 2024 but remained above the 2025 target of 18.8%
(Kemenko PMK, 2025; Muhawarman, 2025). Its digital stunting ecosystem involves community
health services, healthcare providers, public authorities, technology actors, and supporting orga-
nizations, illustrating the need for an integrated framework linking governance, service delivery,
stakeholder collaboration, and sustainability.

An integrated framework is needed to explain how stakeholder collaboration, digital gover-
nance, service delivery, and sustainability can be coordinated across the public health ecosystem
in the context of digital stunting interventions. A business model perspective supports this
framework by clarifying how multiple stakeholders create, deliver, and sustain value (Altafin
et al., 2025; Teece, 2010). This perspective is relevant because digital interventions require the
alignment of data, platforms, technological capabilities, institutional roles, and user interactions.
However, business model tools alone are insufficient to capture the complexity of digital stunt-
ing interventions. Traditional Business Model Canvas approaches provide a useful structure for
analyzing value creation and delivery, but they give limited attention to ecosystem relationships,
institutional authority, digital governance, and coordination among public health actors (Brun-
ner et al., 2025). They are also less responsive to digital innovation that is oriented toward
sustainability and tend to emphasize economic value while providing limited representation of
social and environmental outcomes (Altafin et al., 2025; Bachmann et al., 2025; Maresova et
al., 2022). Therefore, a broader and more context-sensitive framework is required to integrate
systems thinking, stakeholder collaboration, digital governance, and sustainability. The Triple
Bottom Line Co-creation Canvas serves as an operational tool for structuring economic, social,
and environmental value creation across stakeholder groups within this framework.

The Triple Bottom Line (TBL) framework integrates economic, social, and environmen-
tal considerations into organizational decision-making and long-term value creation (Garmann-
Johnsen et al., 2024). Its practical value has been demonstrated in agricultural SMEs, where
TBL practices supported business growth (Kabbera et al., 2024). Joyce and Paquin (2016) ex-
panded the Business Model Canvas of Osterwalder and Pigneur (2010) into the Triple-Layered
Business Model Canvas, comprising economic, social, and environmental layers with 27 building
blocks. The model has been applied across diverse sustainability-oriented sectors (Basile, 2021;
Fadila et al., 2024; Garcia-Muifia et al., 2020; Otsuka et al., 2024; Wit et al., 2021). TBL-based
approaches have also been extended to digital health. Garmann-Johnsen et al. (2024) developed
the TBL Co-creation Canvas to support collaborative networks and sustainability among digital
SMEs in eHealth and welfare technology. Van Limburg et al. (2015) emphasized the participa-
tion of patients, healthcare professionals, and institutions in digital health co-creation, whereas
Fang et al. (2024) showed that value co-creation can improve user engagement and resource
efficiency in IoT-based health information systems. These developments highlight the need for
integrated and collaborative digital health models, particularly in developing countries where
digital transformation can generate substantial social value (Braa et al., 2023; Garmann-Johnsen
et al., 2021). In this study, market-oriented refers to designing public health strategies around
users’ needs, problems, and expected value. It does not imply the commercialization of public
health services but represents the application of marketing principles to improve health inter-
ventions’ relevance, adoption, and sustainability. Despite these advances, the existing literature
remains fragmented across several research streams. Studies on sustainability-oriented business
models have demonstrated the importance of integrating economic, social, and environmental
dimensions; however, they generally provide limited explanations of digital governance and actor
coordination within complex public health ecosystems. Digital health co-creation studies empha-
size stakeholder participation, user engagement, and collaborative service development; however,
they do not consistently connect these processes with market-oriented mechanisms for value
creation, delivery, adoption, and long-term implementation. Consequently, these approaches
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address important but largely separate dimensions of digital public health transformation.

To the best of our knowledge, no market-oriented co-creation framework that simulta-
neously integrates sustainability, multi-stakeholder collaboration, digital governance, and the
complexity of public health ecosystems has been identified in the literature reviewed in this
study. This gap is particularly important in digital stunting interventions, where the effective-
ness and sustainability of technological solutions depend not only on technical functionality but
also on the alignment of stakeholder roles, data governance, institutional authority, service de-
livery processes, user adoption, resource commitments, and economic, social, and environmental
value creation. Without such an integrated framework, digital health initiatives may remain
fragmented, project-based, and insufficiently connected to the operational and institutional con-
ditions required for sustained implementation.

Accordingly, this study addresses the gap by developing a market-oriented digital health co-
creation framework that integrates sustainability, stakeholder collaboration, digital governance,
and public health ecosystem complexity. The framework combines Soft Systems Methodol-
ogy (SSM) with the Triple Bottom Line Co-creation Canvas (Garmann-Johnsen et al., 2024;
Pereira et al., 2016). SSM is used to structure the problem, map stakeholder perspectives and
institutional relationships, and identify transformation processes (Checkland & Poulter, 2006;
Warren et al., 2019). The TBL Co-creation Canvas then translates these findings into practical
elements of value creation, value delivery, collaboration, ecosystem support, and sustainability
(Garmann-Johnsen et al., 2024). The framework views digital stunting intervention as a multi-
actor ecosystem involving government institutions, healthcare providers, technology startups,
nongovernmental organizations (NGOs), higher education institutions, CSR-based private-sector
actors, and communities. Digital co-creation is examined by mapping these actors’ roles, in-
teractions, resources, and contributions within the digital stunting ecosystem. Indonesia serves
as the empirical setting for developing and demonstrating the framework, which is intended to
inform similar digital public health initiatives in other low- and middle-income settings.

Previous studies have applied Soft Systems Methodology (SSM) in business, environmental
management, public-sector performance, and community-based information systems, demon-
strating its value in structuring complex problems, incorporating stakeholder perspectives, sup-
porting participatory learning, and identifying context-sensitive improvements (Isa et al., 2020;
Nordiawan et al., 2017; Schramm et al., 2022). However, its application in digital public health,
particularly stunting management, remains limited. This study addresses the gap by using SSM
to structure digital stunting challenges, map stakeholder relationships, and identify feasible sys-
temic improvements, which are then integrated with the TBL Co-creation Canvas. The resulting
market-oriented digital health framework contributes by incorporating digital governance and
public health ecosystem complexity into sustainability-oriented business model research, link-
ing SSM’s problem-structuring capability with the economic, social, and environmental value
architecture of Canvas, and configuring stakeholder roles, digital resources, governance mech-
anisms, market channels, and value-creation processes to support collaborative digital health
interventions.

2. Methods
2.1 Research Approach

This study employs Soft Systems Methodology (SSM) as a methodological approach to
understand the complexity of stunting-related problems and to structure collaboration among
stakeholders involved in digital stunting prevention and management. The study focuses on
four groups of non-governmental stakeholders, namely, non-governmental organizations, higher
education institutions, CSR or nutrition companies, and technology startups, which provide co-
creation and ecosystem support. Diverse stakeholder perspectives are translated into a layered
TBL co-creation ecosystem that integrates governance, healthcare providers, the digital plat-
form, patients and communities, and expected outcomes through the SSM process. Through
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active stakeholder involvement, SSM is widely recognized as an effective approach for examining
complex, irregular, and ill-structured problem situations (Aryee & Hansen, 2022; Checkland &
Poulter, 2020; Purwaningsih et al., 2024; Shen & Feng, 2017). The SSM was selected because it
is well suited to the exploratory and interpretive aim of structuring a complex, multi-stakeholder
problem. Critical systems heuristics primarily examines boundary judgments, power relations,
and normative assumptions (Ulrich & Reynolds, 2020), whereas system dynamics focuses on
the formal modeling of feedback structures and time-dependent system behavior (Naugle et
al., 2024; Sterman, 2000). The Viable System Model is more appropriate for analyzing orga-
nizational viability, recursive structures and control mechanisms (Espinosa et al., 2020). In
contrast, SSM accommodates multiple worldviews and supports structured learning for practice
in socially complex and ill-structured situations (Checkland, 2000; Checkland & Poulter, 2006).
Therefore, it was considered the most appropriate approach for identifying stakeholder concerns,
structuring the digital stunting problem, and informing the development of the proposed TBL
co-creation framework.

This study integrates SSM with the TBL Co-creation Canvas. SSM was used to structure
the problem situation, stakeholder perspectives, institutional relationships, and feasible changes,
while the canvas translated these findings into stakeholder roles, collaborative activities, gov-
ernance mechanisms, value propositions, shared resources, market channels, and sustainability
outcomes. The empirical evidence comprised field observations, literature and policy documents,
a health-technology startup interview, INSIST application-user feedback, and an FGD with non-
governmental stakeholders. The preliminary framework was further assessed against the World
Health Organization (WHO) Classification of Digital Interventions, Services and Applications
in Health (World Health Organization, 2023) and the WHO Guideline on Digital Interventions
for Health System Strengthening (World Health Organization, 2019).

2.2 Stages of SSM and Data Analysis Procedure

Figure 1 summarizes the application of SSM stages 1-6. Stages 1 and 2 structured the prob-
lem situation using literature, observations, interviews, and application-user feedback, which
were synthesized through Rich Picture analysis and reformulated as a simplified systems map.
Stage 3 used CATWOE to make the purposeful activity system. In Stage 4, the findings were
translated into an initial TBL co-creation framework. Figure 2 presents the analytical dimen-
sions used to develop the proposed framework. The framework was compared with stakeholder
evidence and WHO guidance in Stage 5 and refined in Stage 6 through feasible and desirable
changes. Stage 7 was outside the scope of this study.

2.3 Sampling Strategy and Participants

Purposive sampling was used to select participants who had direct knowledge, experience,
or involvement in developing, implementing, or assessing digital stunting solutions. The IN-
SIST application-user feedback was included as an existing supporting dataset rather than a
purposively sampled participant group. Table 1 summarizes the participants and data sources.
The sampling strategy was not intended to achieve statistical representativeness. Instead, data
adequacy was assessed based on the relevance of the participants and sources, the richness of
the information obtained, and triangulation across interviews, application-user feedback, field
observations, literature, secondary data, and FGD-based stakeholder assessment and refinement.

2.4 Qualitative Data Collection, Stakeholder-Based Framework Assessment, and
Conceptual Comparison with World Health Organization Guidance

Data collection and framework assessment were conducted through three complementary
procedures: semi-structured interviews, preliminary stakeholder-based assessment and refine-
ment through an FGD, and external conceptual comparison against WHO digital health guid-
ance (Table 2). The interviews provided empirical evidence for problem structuring and frame-
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work development. The FGD assessed the perceived practical relevance, anticipated feasibility,
and consistency of the framework with the experiences of participating non-governmental stake-
holders while also identifying the components to retain, revise, add, or remove. The WHO
comparison assessed conceptual alignment with internationally recognized digital health func-
tions and implementation considerations. These procedures served distinct analytical purposes
and did not constitute comprehensive empirical validation.
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Figure 1 The research framework

All empirical materials were organized in a source-by-evidence matrix comprising inter-
view records, application-user feedback, field-observation notes, relevant documents, and FGD
records. The analysis proceeded iteratively through four steps. First, the units describing actors,
operational problems, information flows, constraints, the expected benefits, and the proposed
improvements were identified. Second, descriptive codes were assigned to these units, includ-
ing fragmented data systems, duplicated data entry, referral discontinuity, workforce-capacity
gaps, weak institutional coordination, and limited user engagement. Third, related codes were
grouped into higher-order themes and mapped to the SSM analytical dimensions of stakehold-
ers, relationships, information flows, systemic barriers, and transformation requirements. The
themes were translated into CATWOE elements and TBL Co-creation Canvas components. A
traceability matrix linked each evidence item to its initial code, higher-order theme, SSM in-
terpretation, and resulting framework component. To support triangulation, convergence and
divergence across data sources were recorded. Theme importance reflected cross-source recur-
rence and analytical relevance rather than statistical frequency alone. The preliminary mappings
were subsequently assessed during the FGD, in which participants identified elements to retain,
revise, add, or remove. After the empirical analysis, the WHO comparison was conducted as an
external conceptual benchmark and did not generate empirical themes.
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Figure 2 TBL Co-creation Business Model Canvas, adapted form (Garmann-Johnsen et al.,
2024)

Table 1 Participants and data sources

Participant or data Participants or data coverage Time and setting
source
Health-tech startup in- INSIST, a Bandung-based technology Offline interview at
terview startup with direct experience in design- Telkom University
ing, managing, implementing, and im- on 11 February 2025;
proving digital applications for stunting approximately three
management.  Participants represented hours.
startup personnel involved in developing
and implementing the digital solution.
INSIST application- An existing dataset comprising 156 re- Collected from 24

user feedback

FGD participants

Supporting sources

sponses from Community Health Posts
cadres, Primary Healthcare Centers staff,
local health-office staff, general practition-
ers, pediatricians, and midwives.

Three external representatives from a nu-
trition company or CSR program, a tech-
nology startup, and a higher education in-
stitution.

Field observations, scientific literature,
national health reports, stunting-related
policies and strategies, and relevant sec-
ondary documents.

June 2024 to 5 Febru-
ary 2025 across nine
Indonesian cities and
regencies.

Online Google
Meet on 27 September
2025; approximately 2
hours and 45 minutes.
Collected and re-
viewed throughout
the research process.

via

Coding was conducted by one researcher and iteratively reviewed. Each code was checked
against the original quotation, compared with similar evidence from other users, and cross-
checked with the startup interview findings to support cross-source triangulation. Consistency
among the initial codes, higher-order themes, SSM interpretations, and resulting framework
components was also examined to maintain analytical traceability from the empirical evidence
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to the framework. Table 3 presents an illustrative example of the coding and theme-development
process to demonstrate the analytical traceability from empirical evidence to the resulting frame-
work components. The examples demonstrate how evidence from different sources was pro-
gressively transformed into descriptive codes, higher-order themes, SSM interpretations, and
framework components.

Table 2 Data collection, stakeholder-based framework assessment, and conceptual comparison

with WHO guidance procedures

Stage Purpose Source or reference Procedure
framework
Semi- To explore the ini- Health-tech The interview examined the
structured tial problem sit- startup actors startup’s role, implementation
interview uation in digital involved in de- problems, user and data chal-
stunting manage- veloping and lenges, system integration, relevant
ment implementing stakeholders, and opportunities for
digital stunting improvement.
solutions
Stakeholder- To  assess the Three  represen- The framework was assessed com-
based perceived practical tatives from a ponent by component. Participants
framework  relevance, antici- nutrition company identified elements to retain, revise,
assessment  pated feasibility, or CSR program, add, or remove, and the discus-
&  refine- and  consistency a technology sion summaries were read back for
ment of the preliminary startup, and a confirmation. The procedure pro-
framework  with higher education vided preliminary stakeholder-based
the experience institution assessment and refinement rather
of  participating than comprehensive empirical vali-
non-governmental dation.
stakeholders
External To assess align- WHO Classifi- The proposed framework was
conceptual  ment with interna- cation of Digital mapped against domains related
comparison tionally recognized Interventions, to health service wusers, health-
with WHO digital health func- Services and care  providers, health-system
guidance tions Applications in  management, data services, inter-

Health (CDISAH),
second edition

operability, governance, workforce
capacity, and monitoring & evalu-

ation (World Health Organization,
2023).

3. Results and Discussion
3.1 Stage 1: Identifying the Digital Stunting Problem

The evidence identified three interconnected levels of the stunting problem (Table 4).
Individual-level determinants include inadequate nutrition and infectious diseases, whereas
household and community determinants include caregiving practices, healthcare access, envi-
ronmental conditions, and food affordability. Fragmented information systems, limited work-
force capacity, weak cross-program coordination, financing inefficiencies, and low community
participation at the institutional level constrain intervention continuity.

Digital platforms, such as e-PPGBM, ASIK, SATUSEHAT, SIGIZI Terpadu, and SISRUTE,
remain insufficiently integrated, resulting in duplicated data entry and delayed reporting (Hara-
hap et al., 2023). These findings indicate that the central problem is not the absence of programs
or digital applications but their limited integration across actors and service levels.
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Table 3 Illustrative coding and theme-development process
Evidence [llustrative evidence Initial code Higher-order SSM interpreta- Framework im-
source theme tion plication
INSIST  user Repeated entry Duplicated data Fragmented digi- Systemic barrier Data integration
feedback across different ap- entry tal systems and interoper-
plications ability
Startup inter- Referral information Referral discon- Disconnected ser- Transformation Tiered  digital
view does not continue tinuity vice pathways requirement referral
across service levels
Field observa- Cadres require re- Limited digital Workforce- Environmental  Capacity build-
tion peated technical as- capability readiness gap constraint ing and techni-
sistance cal support
FGD Features should be Need for wuser Stakeholder  co- Desirable and Feature co-
developed with users participation creation feasible change  development &

feedback loop

Table 4 Problem situation

expressed in literature, observation & interviews

Factors contributing to
stunting prevalence

Issues based on literature study, observation &
interview

Reference

Direct Causes

Child Nutritional Sta-

Children experience nutritional deficiencies

Khairuddin et al.

tus during the first 1,000 days of life. (2024)
Child Health Status High prevalence of infectious diseases, includ- Hardiana et al.
ing diarrhea, acute respiratory infections, and (2026)
chronic infections.
Access to Healthcare Community Health Posts, primary healthcare Muharram et al.
) Services centers & hospitals are available; however, the (2024)
Indirect Causes distribution of nutritionists & midwives re-
mains uneven.
Parental Care Prac- Low levels of nutrition literacy, substandard Yunitasari et al.
tices & Education complementary feeding practices, and subop- (2021); Sudiarti
timal exclusive breastfeeding. et al. (2022)
Residential ~ Environ- Poor sanitation, limited access to clean water, Hardiana et al.
ment and high housing density. (2026)
Affordability & Access Low household purchasing power, unequal Yunitasari et al.
to Nutritious Food food distribution, and relatively high prices of (2021)
healthy food.
Fragmented Health In- Multiple health applications (e-PPGBM, Harahap et al
formation Systems ASIK, SATUSEHAT, SISRUTE) are not fully (2023); Interview;
Governance & integrated. Observation
Systemic Aspects 1y iteq Health Human Insufficient training of Community Health Suparto et  al.

Resources

Weak Cross-Program
Coordination

Financing and Pro-
gram Efficiency

Low Community Par-
ticipation

Posts cadres, unequal distribution of nutrition-
ists and psychologists, and high workloads.
Nutrition, maternal and child health, immu-
nization, sanitation & education programs are
implemented in silos.

Budgets are available, but disbursement is de-
layed and effectiveness indicators remain in-
consistent.

Uneven attendance at Community Health
Posts and low parental awareness of nutrition.

(2022); Interview

Suparto et al.

(2022); Interview

Suparto et al.

(2022); Interview

Sudiarti et al
(2022); Amalia
(2025); Observation

3.2 Stage 2: Rich Picture Analysis and Simplified Systems Map

The next step involved expressing the problem situation identified in the preceding stage
through Rich Picture analysis. Rich Picture analysis was used to map stakeholders, interactions,
information flows, and systemic constraints within the digital stunting ecosystem (Khayame &
Abdeljawad, 2020; Saragih et al., 2021). To improve readability, its principal elements were
consolidated into the simplified system map presented in Figure 3. Figure 3 indicates that the
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central weakness of Indonesia’s digital stunting prevention ecosystem lies not in the absence of
stakeholders, policies, or digital platforms but in their limited operational integration. Govern-
ment institutions, healthcare providers, health workers, communities, non-governmental actors,
and digital systems are institutionally connected through information, services, resources, and
policy support. However, fragmentation across actors and service levels disrupts the continuous
flow of data and interventions from community-based detection to primary care, referral services,
program management, and policy evaluation. Platforms such as e-PPGBM, SIGIZI Terpadu,
ASIK, and SATUSEHAT still function largely as separate data collection and reporting systems
rather than as an integrated infrastructure for collaborative decision-making. Therefore, technol-
ogy alone does not ensure continuity of care or program sustainability. Nondigital determinants,
including caregiving practices, healthcare access, residential conditions, and food affordability,
also influence the ecosystem. Although the five pillars of the national stunting-reduction policy
provide an enabling structure, their implementation requires clearer stakeholder responsibilities,
interoperable data standards, coordinated referral processes, shared monitoring mechanisms,
and feedback loops connecting communities, health workers, service providers, public authori-
ties, and supporting partners.

. A. Government and Policy Actors e
I * Ministry of Health * Relevant Ministries l

* Bappenas * Provincial & District/
E. Non-governmental / « BKKBN City Governments \ B. Healthcare Service
\

and Innovation Actors Providers
Technology Startups

(developers, data engineers, Parenting & Aittast 16 * Posyandu

UX designers, health experts, Parental Fragmented and Health , * Puskesmas

b s e Baucation | ¥/ \ynsustainable Digital Services * Hospitals
. NGOs nsustainable Digi

Stunting Prevention
Ecosystem

CSR Programs / Private Sector -

Higher Education Institutions -
{researchers, innovation labs) ==

.

Fragmented data systems
Weak stakeholder coerdination

Unequal access to health and
nutrition services

C. Health Workforce
* Posyandu Cadres
* Midwives

+ Nutritionists

F. Families and
Communities

Limited continuity and
sustainability of interventions,

w
“4  Affordability &
Access to
MNutritious Food

x
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Environment

Parents and Caregivers

Pregnant Women
and Children

Local Communities

T
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Five Pillars of 1. Regional 2. National Campaign 3. Convergence of
National Stunting Commitment and and Behavior Mational, Regional,
Reduction Leadership Vision Change Communication and Village Programs

4. Food and 5. Monitoring and
Nutrition Security Evaluation (M&E)

Figure 3 Simplified system map derived from the rich picture analysis

These findings are consistent with those of digital health governance research, which em-
phasizes authority, accountability, data stewardship, privacy, standards, and interoperability as
prerequisites for digital transformation (Gotsadze et al., 2024; Heshajin et al., 2024). However,
the proposed framework extends governance-oriented models by embedding these requirements
within a co-creation architecture that links institutional actors’ governance mechanisms to infor-
mation, collaboration, and value flows. The findings also align with smart-health ecosystem stud-
ies highlighting connected technologies, continuous data exchange, and coordinated stakeholder
participation (Benis et al., 2021; Nourse et al., 2023). This framework addresses population-level
prevention in a resource-constrained public health setting, unlike models primarily designed for
person-centered or chronic-care services. It explicitly incorporates community outreach, insti-
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tutional authority, tiered referral, program coordination, and non-governmental ecosystem sup-
port. Therefore, its novelty lies in explaining not only which actors and technologies constitute
a digital health ecosystem but also how governance, co-creation, and sustainability mechanisms
can organize them for coordinated prevention of digital stunting.

3.3 Stage 3: Root Definition and CATWOE Analysis

A root definition was formulated and examined using CATWOE based on the problem-
situation analysis, covering customers, actors, transformation, worldview, system owners, and
environmental constraints (Devi et al., 2023; Ebekozien et al., 2024). Table 5 summarizes the
resulting purposeful activity system and stakeholder roles shaping the transformation of digital
stunting.

Table 5 Root definition with CATWOE
CATWOE “Request to Answer”

C, Customers Government institutions: The Ministry of Health and local Health Offices as data
users in evidence-based decision-making for stunting-related policies. Healthcare
service providers: Community Health Posts, Community Health Centers (Primary
Healthcare Centers), and Hospitals as users of the digital stunting management sys-
tem. End beneficiaries: Parents and children (the community) as the ultimate recip-
ients of the benefits generated by stunting intervention programs.

A, Actors Collaborating team: Technology startups (developers, data engineers, UX design-
ers, health experts, and project managers), non-governmental organizations (NGOs),
higher education institutions, and corporate social responsibility (CSR) programs.

T, Transformation Pro- The transformation involves the digitalization of referral systems and manual child

cess (Proposed) growth monitoring records through a digital application, enabling an integrated and
tiered referral process. Digital transformation is conducted to generate reliable base-
line data on stunting prevalence, which supports early detection, targeted interven-
tions, and evidence-based decision-making.

W, World View Digitalization is a critical enabler for accelerating stunting reduction efforts. Data
interoperability & digital adoption enhance early detection and enable more accu-
rate & timely decision-making for stunting interventions. An omnichannel approach
combined with local contextual adaptation is essential to ensure the sustainability of
digital health solutions.

O, System Owners Startups act as key innovators. Local Health Offices & the Ministry of Health as
the authorities overseeing and governing the national health system & its digital
infrastructure. Higher education institutions, NGOs, and corporate CSR programs
as enabling partners contributing expertise, capacity building, research support, and
program sustainability.

E, Environment (Con- Regulatory frameworks, including the Regulation of the Minister of Health of the Re-

straints) public of Indonesia No. 2 of 2020 on Child Anthropometric Standards and the Regu-
lation of the Minister of Health No. 28 of 2019 on Recommended Dietary Allowances
for the Indonesian population. Fragmented health information systems. Dependence
on interoperability with government platforms. Health data governance regulations
and patient data privacy requirements. Bureaucratic complexity & cross-government
decision-making processes. Gaps in digital literacy among frontline health workers.
Limited internet connectivity and infrastructure in remote, frontier, and disadvan-
taged (3T) regions.

3.4 Stage 4: Conceptual Development of the TBL Co-creation Framework

In the fourth stage, a conceptual model was developed to represent the prevention of digi-
tal stunting as an interconnected ecosystem rather than an isolated technological intervention.
Conceptual models enable stakeholders from different institutional and professional backgrounds
to develop a shared understanding of complex systems (Langen et al., 2025). Figure 4 shows
that the framework consists of five connected layers: government and public-health governance,
healthcare providers, the digital stunting management platform, patients and communities, and
expected outcomes. The digital platform functions as an integrating mechanism connecting
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data, services, referrals, feedback, and decision-making across the ecosystem. Therefore, its
value lies in reducing fragmentation, improving continuity of care, and supporting coordinated
action, resulting in earlier detection, integrated referral, data-driven decisions, stronger institu-
tional capacity, and reduced stunting risk. Value is co-created across the ecosystem rather than
generated by the digital platform alone. Communities contribute information and feedback,
healthcare providers deliver and coordinate services, public authorities establish governance and
institutional support, and non-governmental partners contribute technology, funding, research,
training, and implementation capacity. These interactions may generate economic value through
efficiency and improved resource allocation, social value through greater access, participation,
and capacity building, and potential environmental value through reduced paper use and less
process duplication. The environmental effects were not empirically measured in this study and
should therefore be treated as proposed outcomes. Therefore, community health posts, pri-
mary healthcare centers, hospitals, and local public health authorities represent interdependent
institutional users and co-creators with distinct roles, information needs, and value expectations.
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Figure 4 Layered ecosystem for prevention and management of digital stunting

Compared with the Triple-Layered Business Model Canvas of Joyce and Paquin (2016),
the proposed framework shifts the unit of analysis from a focal organization to a multi-level
public-health ecosystem. Economic, social, and environmental values are treated as integrated
outcomes of interactions among governance, healthcare delivery, digital infrastructure, com-
munities, and supporting partners rather than as three parallel organizational canvases. The
framework also extends the TBL Co-creation Canvas of Garmann-Johnsen et al. (2024) in three
respects. First, its components are derived from an SSM inquiry into a complex public health
problem. Second, the core design requirements are public authority, data governance, interoper-
ability, tiered referral, workforce capacity, and monitoring. Third, the study differentiates four
institutional customer segments and their respective value expectations and digital capabilities.
Thus, the framework transforms the canvas into a conceptually structured architecture to inform
the future development and testing of a digitally enabled public-health ecosystem.
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3.5 Stages 5 and 6: Real-world Comparison, Framework Refinement, and Market-
Oriented Strategies

In SSM Stage 5, the initial framework was compared with real-world conditions using FGD
findings and a structured assessment against the World Health Organization (WHO) Classifica-
tion of Digital Interventions, Services and Applications in Health (World Health Organization,
2023) and the WHO Guideline on Digital Interventions for Health System Strengthening (World
Health Organization, 2019). The comparison examined the conceptual and functional alignment
of the framework with international digital health guidance and identified implementation con-
siderations requiring further refinement. In Stage 6, the findings were translated into feasible
and desirable changes. Table 6 summarizes the empirical findings, WHO-based assessment, and
resulting framework refinements.

The comparative findings presented in Table 6 were further synthesized into two heatmaps.
Figure 5 compares the prominence of TBL values across the four customer segments, while Figure
6 illustrates the relative importance of digital strategy components for each segment. Strong,
moderate, and limited represent qualitative emphasis in the empirical findings and framework
refinement process rather than statistical measurements.

Economic Social Environmental
value value value
Strong / explicit
Community Health Posts
4 (Posyandu) Strong Strong Moderate

Primary Healthcare Centers

n
(Puskesmas) Sty S Maoderate /
supporting
Hospitals Strong
Local Health Offices Strong Strong Moderate

Limited / implicit

Figure 5 Comparative heatmap of triple bottom line values by customer segment

Figures 5 and 6 show that the value priorities and required digital capabilities of the four
institutional customer segments differ. Social value is consistently important across segments,
whereas requirements for digital strategy vary according to operational responsibilities. Commu-
nity health posts emphasize usability, feature co-development, and capacity building; primary
healthcare centers require end-to-end integration and referral support; hospitals prioritize clini-
cal and data interoperability; and local health offices depend on monitoring, coordination, and
decision-support capabilities. These differences indicate that a market orientation in digital
public health requires segment-specific value propositions and capability configurations rather
than a uniform platform design.

The World Health Organization (WHO) comparison indicated conceptual alignment be-
tween the framework and internationally recognized digital health functions and implementa-
tion considerations, while identifying areas not explicitly covered by WHO guidance, particularly
stakeholder co-creation and integrated triple bottom line value creation (World Health Organi-
zation, 2019, 2023). Therefore, the framework complements WHO guidance by linking digital
capabilities to specific institutional users, operational responsibilities, governance requirements,
and sustainability outcomes. This segment-specific configuration operationalizes market orien-
tation without implying the commercialization of public health services and provides the basis
for the refined framework presented in Figure 7.
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Figure 6 Comparative heatmap of digital strategy components by customer segment
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Stakeholder-based assessment and refinement through FGD, plus conceptual comparison with WHO digital-health guidance,
provided preliminary support for practical relevance and conceptual coherence, but did not constitute comprehensive empirical validation.

-
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Figure 7 Refined market-oriented digital health co-creation framework for stunting prevention

Figure 7 demonstrates that effective digital stunting prevention depends less on introduc-
ing additional technologies than on aligning governance, stakeholder responsibilities, service pro-
cesses, and data flows around institutional users’ needs. Unlike platform-centered approaches, in
which technology is the primary driver of change, the proposed framework positions the digital
platform as an integrated infrastructure within a distributed ecosystem.
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Table 6 Comparison of real-world findings & WHO digital health guidance
ramewor i- Real-World an indings -Based Comparative ramework Refinement
mension Assessment
Stakeholder roles Community Health Posts, Primary The findings align with (World Clarified the roles,
and institutional Healthcare Centers, hospitals, local Health Organization, 2023), which  responsibilities,
responsibilities public health authorities were classifies digital interventions by information needs,
identified as the four main intended users and health-system accountability, and
1nst1tut10nla} gustomer segments. functions. (World Health decision-making
Health fac1h.tles generate and use Organization, 2019) stresses that authority of each
service data; public health Lo . customer segment.
s . digital interventions should
authorities coordinate programmes,
. d . strengthen, rather than replace,
manage data, validate information. L
existing health systems.
Digital platform Fragmented applications, duplicate This dimension aligns with (World  Positioned

and data integra-
tion

Referral and deci-
sion support

Workforce capac-

ity and digital
adoption
Stakeholder
co-creation &
engagement
Monitoring and
evaluation

Health service-

user engagement

Digital gover-
nance and data
protection

Bottom
value cre-

Triple
Line
ation

Implementation
sustainability

data entry, delayed reporting, and
limited system integration remain
major barriers.

Digital referral, growth monitoring,
timely information exchange
support continuous care and
accurate intervention.

Implementation requires continuous
training, technical assistance, digital
literacy, and iterative system
improvement.

Feature co-development, stakeholder
participation, capacity building, and
data-driven feedback were
considered necessary for relevance,
acceptance, and sustained adoption.

Dashboards & programme
monitoring were viewed as
important for data-driven planning
& institutional coordination.

Patients, caregivers, and
communities were recognized as
beneficiaries and information
providers, although direct digital
engagement remains limited.

Institutional authority, data
validation, regulation, and
cross-organizational coordination
were considered essential for
sustainable implementation.

Digitalization can create economic
value through efficiency, social value
through improved services and
collaboration, and environmental
value through reduced paper use,
process duplication.

Sustainability depends on digital
infrastructure, multidisciplinary
capabilities, institutional legitimacy,
regulation, contextual adaptation,
and cross-sector collaboration.

Health Organization, 2023)
principles on digital capabilities,
data services, application types, and
interoperability.

The findings correspond with
(World Health Organization, 2023)
provider-oriented interventions &
decision-support functions.

This dimension relates to (World
Health Organization, 2023)
healthcare-provider functions.
(World Health Organization, 2019)
identifies workforce readiness,
implementation support as
important for acceptability &
feasibility.

Although co-creation is not a
separate (World Health
Organization, 2023) category,
participatory development can
support person- & provider-oriented
interventions, improve acceptability,
feasibility, equity under (World
Health Organization, 2019).

(World Health Organization, 2023)
supports consistent documentation
and reporting, while (World Health
Organization, 2019) identifies six
assessment considerations.

This dimension aligns with (World
Health Organization, 2023)
interventions addressing individual
and health-sector needs. (World
Health Organization, 2019)
emphasizes acceptability and equity
in digital implementation.

(World Health Organization, 2023)
supports classification,
documentation, data services, and
interoperability but is not a
comprehensive privacy,
cybersecurity, or governance
standard.

TBL value creation is not explicitly
covered by (World Health
Organization, 2023). Economic and
social value partly relate to (World
Health Organization, 2019)
considerations, while environmental
value remains a distinctive
contribution of the framework.

(World Health Organization, 2023)
supports intervention classification
and documentation but does not
provide a complete sustainability
framework. (World Health
Organization, 2019) emphasizes
feasibility, resource use,
acceptability, equity, potential
harms, and health-system capacity.

interoperability, data
quality, integration,
cross-platform
connectivity as key
digital-governance
requirements.
Strengthened tiered
digital referral, growth
monitoring &
decision-support
dashboards.

Added continuous
capacity building,
digital-literacy
development, technical

assistance & user
feedback.

Added co-development,
capacity building,
technical support,
data-driven feedback to
support stakeholder
engagement, user
acceptance.

Added key
implementation,
outcome, equity, and
quality indicators.

Identified
communication,
accessibility, digital
inclusion, consent,
community feedback as
areas for further
development.

Expanded digital
governance to include
accountability, data
ownership, data quality,
privacy, access control,
interoperability
standards, risk
management.

Retained economic,
social, and
environmental value as
integrated framework
outcomes.
Environmental effects
are treated as proposed
outcomes requiring
future measurement of
paper reduction, avoided
travel, physical storage,
digital-infrastructure
energy use, and lifecycle
trade-offs.

Emphasized
infrastructure, financing,
institutional ownership,
workforce readiness,
contextual adaptation,
ecosystem readiness,
and long-term support.
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Public-health authorities provide policy direction, standards, coordination, and accountabil-
ity; healthcare providers translate data into monitoring, intervention, and referral; communities
contribute information and feedback; and non-governmental partners provide technological, fi-
nancial, research, and capacity-building support. Therefore, value creation emerges from the
interaction among these actors rather than from the digital platform alone. The framework also
demonstrates that public health market orientation does not imply commercialization. Instead,
it requires the systematic identification of different institutional needs and the configuration
of appropriate value propositions, relationships, channels, and digital strategies. Community
health posts require accessible tools and capacity building, primary healthcare centers require
integrated monitoring and referral support, hospitals require clinical and data interoperabil-
ity, and local health offices require coordination and decision-support capabilities. Feature co-
development, data integration, continuous feedback, digital referral, and dashboards function
as connecting mechanisms that translate these differences into coordinated action. Economic
and social values are treated as interdependent ecosystem outcomes through this configuration,
while environmental value remains a proposed outcome requiring empirical measurement.

The refined framework may be analytically applicable to low- and middle-income countries
developing digital community-based nutrition or child health services while facing challenges
related to coordination, interoperability, workforce, and data-governance. India and Bangladesh
illustrate the relevance of integrated nutrition and health-data systems for monitoring, referral,
coordination, and service planning (Khan et al., 2019; Ministry of Women and Child Devel-
opment, Government of India, 2022; Sharma et al., 2023). Vietnam and the Philippines high-
light the importance of interoperability, cybersecurity, infrastructure, leadership, stakeholder
engagement, funding, system readiness, and workforce training in the implementation of dig-
ital health (Evio & Bonito, 2024; Tran et al., 2022). Kenya and Nigeria similarly emphasize
multilevel coordination, data governance, integrated child health services, digital decision sup-
port, public-private collaboration, capacity development, and monitoring (Federal Ministry of
Health and Social Welfare, 2025a, 2025b; Ministry of Health, Republic of Kenya, 2016; Re-
public of Kenya, 2023). These examples demonstrate the analytical transferability rather than
direct generalizability of the framework. Its application would require adaptation to each coun-
try’s governance, financing, digital readiness, workforce capacity, data-protection requirements,
and existing health and nutrition programs, followed by broader stakeholder assessment and
context-specific testing.

4. Conclusion

Theoretically, this study extends sustainable business models and digital health research by
integrating the Soft Systems Methodology with the triple bottom line co-creation canvas within a
multi-level public health ecosystem. The framework shifts the focus from a single organization or
digital platform to the wider relationships among government institutions, healthcare providers,
communities, technology actors, and supporting partners. It also positions economic, social, and
environmental values as interconnected ecosystem outcomes. From a managerial perspective, the
framework may help technology startups, corporate social responsibility programmes, universi-
ties, non-governmental organizations, and healthcare partners clarify responsibilities, combine
resources, and align digital features with the needs of different users. Community health posts
require accessible tools and continuous training, primary healthcare centers require integrated
monitoring and referral support, hospitals require clinical and data interoperability, and local
health offices require coordination, monitoring, and decision-support capabilities. Therefore,
digital solutions should be developed through continuous co-creation, user feedback, technical
support, and institutional commitment. From a policy perspective, sustainable digital stunt-
ing interventions require more than additional applications. Public authorities should establish
clear institutional responsibilities, interoperability and data quality standards, data ownership,
privacy protection, accountability, and coordination across healthcare levels. Policy support
should also provide adequate infrastructure, long-term financing, workforce readiness, equitable
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access, implementation monitoring, service quality, resource use, health outcomes, and potential
risks. Because environmental effects were not measured in this study, future evaluation should
include indicators such as paper reduction, avoided travel, reduced physical storage, digital
infrastructure energy use, and lifecycle or environmental trade-offs.

The findings provide preliminary support for the practical relevance and conceptual co-
herence of the framework. This support was derived from a small-group stakeholder-based as-
sessment involving non-governmental representatives and a conceptual comparison with WHO
guidance. These procedures did not constitute comprehensive empirical validation or demon-
strate readiness for implementation. Government implementers, frontline healthcare workers,
caregivers, and communities were not comprehensively represented, and the framework has not
yet been tested through pilot implementation or impact evaluation. Therefore, the findings are
not intended for statistical generalization. Their broader contribution lies in their analytical
transferability to digital public-health ecosystems, which are subject to contextual adaptation,
wider stakeholder assessment, and further empirical testing. Future studies should validate the
framework with broader stakeholder groups, including national and local governments, local
public health authorities, community health posts, primary healthcare centers, hospitals, care-
givers, and service users. Further research could quantitatively assess the relationships among
co-creation mechanisms, digital adoption, governance quality, and triple bottom line outcomes.
Longitudinal and comparative studies across regions, platforms, and public-health programs are
also needed to examine the framework’s implementation effectiveness, scalability, and long-term
sustainability.
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