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Abstract

Digital interventions are widely promoted as levers of institutional change, yet their effects
often prove fragile. We examine why some interventions persist while others fade. Using
crisp-set Qualitative Comparative Analysis (csQCA) on 13 large-scale cases from India
and abroad, we identify the configurations of conditions under which digital systems
become self-sustaining. We conceptualise persistence as a shift in the Nash equilibrium:
when incentives realign, the new behaviour maintains itself without continuing external
push. The analysis shows that software openness is neither necessary nor sufficient for
durable change. Instead, six non-technological conditions—regulatory enablement, a
credible revenue model, substantial scale, a clearly targeted systemic barrier, presence
of enabling prerequisites, and sufficient time—are each necessary and, in combination,
sufficient for an equilibrium shift; no single condition is enough on its own. Successful cases
(e.g., Aadhaar, UPI, Chalo, Swiggy) meet these conditions in combination, whereas others
(e.g., ONDC, DIKSHA, ICDS-CAS) illustrate how missing elements limit institutional
embedding. The paper contributes a theory-informed diagnostic that links game-theoretic
stability to configurational evaluation and provides practical “if–then” decision rules
for appraisal. We argue that policy and investment decisions should prioritise incentive-
compatible ecosystems over software attributes, and judge success by whether interventions
reconfigure the rules of the game rather than by short-term uptake. This perspective clarifies
when digital systems can contribute to sustainable, inclusive institutional transformation.

Keywords: digital governance; Nash equilibrium; Qualitative Comparative Analysis;
program evaluation; institutional change; digital public infrastructure

1. Introduction
Low- and middle-income countries (LMICs) in Asia and Africa are grappling with

how to stimulate their economies and provide essential services to their citizens, while
addressing the challenges of inequality. In this context, the significant increase in mobile
phone ownership and usage across much of Asia and Africa, supported by dense networks
of telecommunication towers and optical fibre, has been viewed with great optimism.
It offers the possibility that technology, if utilised effectively, could provide a potential
solution to the economic and service challenges faced by these regions. One way to achieve
this would be to utilise these technologies to develop lower-cost and more accessible
solutions. However, an even more powerful and complementary approach might be to
harness these technologies to transform the very nature of business and service provision
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by reducing fundamental barriers, such as high transaction costs, mistrust, and information
gaps. We refer to this approach as shifting the Nash. A Nash equilibrium [1] is one in
which no actor has any incentive to change their strategy given what the other actors are
doing. One can shift the Nash by altering the structure of incentives so that, while each
actor continues to act in their own best interest, the resulting equilibrium is superior to the
previous one.

While Nash [1] originally formalised equilibrium in the context of static, one-shot
games, subsequent work has extended the concept to evolutionary and institutional settings.
Smith and Price [2] introduced the idea of an evolutionarily stable strategy (ESS), while
Taylor and Jonker [3] modelled dynamic adjustment processes such as replicator dynamics.
More recently, applications of evolutionary game theory in domains of public governance,
including e-commerce regulation [4], decision-making in mega projects [5], and elderly
healthcare partnerships [6], demonstrate that Nash-derived stability concepts can illuminate
how interventions reshape incentives in complex social systems. Our use of the phrase,
shifting the Nash, follows this tradition, treating it as a heuristic for durable institutional
stability rather than a purely static abstraction.

The construction of physical public infrastructures (PPIs) reduces transaction costs
and facilitates market entry and cooperation, as evident in rural road networks. It expands
production possibilities, as electricity grids have done, and facilitates the building of
trust and collaboration by allowing for repeated interactions, as demonstrated in public
transportation systems. It can thus be seen that well-designed and well-placed PPIs can
shift the Nash. The availability of these new technologies presents the possibility that
large-scale digital interventions, which can also shift the Nash [7], could be established at
a significantly lower cost and more quickly than PPIs. Driven by this belief, many Asian
and African nations have embarked on a journey to invest in designing and implementing
digital interventions to expand access to services, improve transparency, and catalyse
institutional change. However, their contributions to development outcomes, whether
social, economic, or institutional, are uneven and often short-lived. While existing studies
have explored digital inclusion, adoption rates, and user experience, there is a limited
understanding of the specific institutional configurations under which digital tools generate
structural transformation.

This paper addresses this gap by introducing a game-theoretic framework rooted
in Nash equilibrium logic to examine when digital interventions shift the underlying
behaviour of actors in a system. Rather than evaluating isolated outputs (e.g., number of
users or transactions), we ask: Under what institutional and contextual conditions do digital
interventions in LMICs lead to durable systemic change that contributes to development outcomes?
Where much of the Information Technology for Development (ITD) literature evaluates
process outcomes or user interfaces, we shift the evaluative focus to structural incentives
and their self-reinforcing stability.

We draw on the ITD literature to position digital interventions not just as technologies,
but as policy instruments capable of altering incentives, reducing coordination failures,
and unlocking inclusive development. The field of ITD has evolved from a narrow focus
on technical deployment to a more nuanced understanding of institutional transformation,
sociotechnical systems, and long-term sustainability. Foundational studies have shaped
the theoretical landscape, emphasising the importance of development discourses [8],
sociotechnical integration [9], and the amplifying (not substituting) role of technology [10].
Walsham [11] offers a reflective overview of how ITD scholarship has evolved, highlighting
ongoing challenges related to equity, context sensitivity, and structural change.

Building on these foundations, more recent scholarship in ITD has shifted its focus
toward governance architectures, sustainability, and the political economy of platform
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implementation. Some interrogate the inclusion-related challenges associated with dig-
ital identity systems, such as Aadhaar [12,13], while Veeraraghavan [14] introduces the
concept of “governance by patching” (of software) used by senior bureaucrats to control
the behaviour of front-line government functionaries. Several authors provide empirical
evidence on the social and contextual barriers to digital inclusion through e-government
and suggest ways to sustainably address them [15–17]. Zelenkov and Lashkevish [18]
empirically demonstrate how ITD affects human development outcomes, reinforcing the
importance of structural conditions in digital transformation.

Our study builds on that body of work by introducing a game-theoretic perspective—
specifically, the concept of a Nash equilibrium—to evaluate whether a digital intervention
creates a new, self-reinforcing configuration of incentives and roles. Using crisp-set Qual-
itative Comparative Analysis (csQCA) [19–23], we identify the specific combinations of
conditions under which such structural transformations occur. Our work responds to the
rich literature discussed above, which finds enormous heterogeneity and significant gaps
in the development outcomes associated with large-scale digital interventions, but does
not provide a systematic analysis of the mechanisms that may be driving these differences.
While sociotechnical systems theory emphasises mediation between users and systems, our
use of Nash equilibrium foregrounds the stability of changed incentives across all actors.

While much of the ITD literature has focused on adoption, usability, or access, this
study reframes large-scale digital interventions as mechanisms of equilibrium change.
Drawing from game theory, it complements sociotechnical analyses [9] by emphasising
how incentive structures, not just tools, shape lasting change. This approach resonates
with but also extends critiques in the data justice literature [13] and infrastructure gover-
nance [14], offering a systematic framework for anticipating when digital interventions
will be self-reinforcing rather than ephemeral. Our approach provides practical utility for
implementers and investors seeking to design digital systems that are not only accessible
but also institutionally sustainable.

Beyond their immediate institutional impact, digital public interventions should also
be understood within the broader trajectory of sustainable development. As argued by
Klarin [24], the concept of sustainability has evolved from its early environmental focus
to encompass institutional, economic, and social dimensions. Manioudis and Meramve-
liotakis [25] further emphasise that sustainable development requires a political economy
foundation, where public policies create enabling conditions for long-term systemic change.
Framing digital interventions as potential shifts in the Nash equilibrium underscores their
contribution to sustainability, as they alter incentive structures in ways that can make new,
more inclusive practices self-reinforcing.

2. Methods
QCA is an approach based on Boolean Algebra, which allows researchers to examine a

relatively small number of cases (or complex interventions) to ascertain the combinations of
factors that led to the success or failure [22]. QCA is particularly suited to small-N studies
seeking to identify necessary and sufficient conditions for complex outcomes [20,22]. Rather
than estimating average effects, it focuses on the combinations of factors (configurations)
that produce an outcome. Hanckel and colleagues [26] in their systematic review point out
that QCA methods, which have been developed for use with small and medium sample
sizes (typically ranging from 10 to 50 cases), have been “widely used in public health
research” and have “advantages over probabilistic statistical techniques for examining
causation where systems and/or interventions are complex”.

In operationalising QCA for this study, a key step involved calibrating qualitative
information into binary conditions. As Ragin [23] highlights, this act of “quantifying the
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qualitative” is not an optional add-on but rather central to the method’s comparative
logic. Our calibration process combined structured coding rules with team consensus,
ensuring consistency across cases. This form of consensus-based calibration has been
widely used in organisational and public policy applications [19,26,27]. While simplification
is unavoidable, such transparency and comparability are precisely what allow QCA to
uncover causal configurations rather than isolated correlations.

In this study, csQCA allows us to map digital interventions into binary-coded attribute
sets and identify patterns that lead to self-sustaining systemic change. While subjectivity in
binary coding is acknowledged, we mitigate this by triangulating expert judgement, public
documentation, and supplemental case material for each intervention. Our coding logic
is transparent, replicable, and theoretically grounded. See Supplementary Materials for
details of each case and for case-level calibration details.

In this paper, we follow the six-step approach towards QCA outlined by Greck-
hamer [22] in the SAGE Handbook of Survey Development and Application.

1. Articulate research question(s).
2. Construct a purposeful sample of cases and collect data regarding outcome and key

case attributes expected to be causally linked to outcome.
3. Transform the dataset into crisp or fuzzy sets by defining sets and calibrating case

membership in sets.
4. Construct a Truth Table.
5. Analyse the Truth Table to identify set relations between attributes and outcome(s).
6. Evaluate, interpret, and represent findings as well as their robustness.

The first two steps are included here in the methods section, the next two in the results
section, and the final two in the discussion section.

2.1. Research Question

Determining the set of factors associated with digital interventions that have success-
fully shifted the Nash in the regions where they were implemented is the core research
question of this study. Shifting the Nash in this study is interpreted to mean sustained
and permanent improvement in the well-being of a population directly attributable to the
digital intervention.

2.2. Purposive Sampling of Cases with Outcomes and Key Attributes

For our analysis, we identified multiple large-scale digital interventions, regardless
of their ownership or funding patterns. These were selected from various sources, in-
cluding the registry maintained by the Digital Public Goods Alliance [28], e-commerce
platforms, and specialised platforms that operate in sectors such as health, education,
transportation, and finance. The availability of data on these digital interventions was
a crucial selection factor. The authors collectively chose a mix of digital interventions
developed and implemented internationally, as well as those created in India, featuring
sectoral diversity, varying scales of implementation, and, importantly, the availability of
information for analysis. Table 1 lists the thirteen digital interventions that emerged from
this selection process.

Data for each intervention were gathered from multiple sources, including publicly
available reports, data shared by the intervention teams, discussions with experts, and
the authors’ own knowledge regarding each intervention. Wherever formal data sources
were consulted, they have been referenced in the description of the intervention. Reliance
on other informal sources limits the full replicability of this study; however, this is not a
limitation that can be easily overcome, given the scarcity of data available in the public
domain. Another significant limitation is the survivorship bias, i.e., except for the case
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of ICDS-CAS, all the other cases continue to exist for one reason or another. They could,
therefore, automatically satisfy one or more of the attributes. Examining a much larger list
of digital initiatives, including those that have since ceased to exist, would be a significantly
more extensive exercise—beyond the scope of this paper.

Table 1. Selected digital interventions.

# Acronym Full Form Brief Description

1 AADHAAR Aadhaar Digital Identity
Platform

A biometric-based digital identity system that assigns a unique
12-digit ID to every Indian resident. It serves as a foundational
identity layer and is used for authentication in banking, welfare,
and other services.

2 CHALO Chalo Smart Bus Platform
A technology platform aimed at digitising and improving the
efficiency of bus transport systems in Indian cities. It provides
real-time bus tracking and digital ticketing.

3 DHIS2 District Health Information
Software 2

An open-source health management information system used
globally to collect, manage, and analyse health data, often
integrated into national health reporting systems.

4 DIGIT
Digital Infrastructure for
Governance, Impact &
Transformation

An open-source platform developed by eGov Foundation to
support digital service delivery for urban governance in India,
offering modules for property tax, water, and sanitation.

5 DIKSHA Digital Infrastructure for
Knowledge Sharing

An open-source platform developed by India’s Ministry of
Education to support school education through digital content,
teacher training, and assessments.

6 Ei ASSET
Educational Initiatives’
Adaptive Learning
Platform

An adaptive learning tool that personalises learning paths for
students based on their performance, aiming to improve
foundational learning outcomes.

7 ICDS-CAS

Integrated Child
Development
Services-Common
Application Software

A digital tool designed to support frontline Anganwadi workers
by digitising record-keeping, monitoring, and service delivery
for child nutrition and early development.

8 NCDEX National Commodity &
Derivatives Exchange

A digital agricultural commodities exchange enabling price
discovery and risk management for farmers and traders.

9 ONDC Open Network for Digital
Commerce

An initiative by the Government of India to create an open,
interoperable digital commerce network to break platform
monopolies and empower small retailers.

10 SORMAS
Surveillance Outbreak
Response Management
and Analysis System

An open-source digital tool developed in Germany for real-time
epidemic and outbreak management, adopted by
several LMICs.

11 Swiggy Swiggy A private-sector food delivery platform that has evolved into a
hyperlocal logistics provider for urban consumers.

12 UPI Unified Payments Interface
A real-time payment system developed by the National
Payments Corporation of India, enabling instant bank-to-bank
transactions via mobile devices.

13 X-Road X-Road
An open-source data exchange layer developed in Estonia that
enables secure and standardised communication between
public and private information systems.

Where available, we also drew on basic quantitative indicators such as adoption, usage,
or coverage rates (for example, UPI transaction volumes, DIKSHA enrolment numbers,
and DHIS2 country coverage). These figures provided useful context but were not decisive
in the crisp-set QCA calibration, which followed the logic of necessary and sufficient
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conditions. Although the depth of available evidence varied across cases, each was coded
consistently against the same set of conditions, ensuring comparability of results.

Each digital intervention identified in the paper is discussed in detail in the Supple-
mentary Materials, and each one’s ability to (a) remove systemic and structural barriers,
(b) ensure sustained well-being for all, (c) add value in a specific domain, and (d) shift the
Nash is explored under the following headings:

1. Description: A concise overview of the digital intervention, outlining its purpose,
institutional ownership (public, private, or donor-backed), technical architecture (e.g.,
open source), geographic scope, and primary functionalities. This section typically
answers the following questions: What is the intervention? Who created it? What is
its intended purpose?

2. Removal of Systemic and Structural Barriers: An assessment of how effectively the
intervention addresses deep-rooted inefficiencies, exclusions, or frictions in existing
systems. These barriers might include fragmented data systems, a lack of trans-
parency or accountability, geographical, linguistic, economic, or technological access
constraints, and poor information flows. This section also critically evaluates whether
the right barrier was identified and targeted.

3. Sustained Well-being for All: A measure of whether the intervention leads to long-
term, inclusive, and equitable improvements in well-being. This includes evidence
of large-scale and enduring benefits, inclusivity across gender, geography, class, and
ability, as well as integration into public systems for continuity. It differentiates
between the scale of use and the depth or durability of impact.

4. Value Added: The distinct contributions made by the intervention that would not have
existed otherwise. This can encompass improvements in service delivery efficiency or
reach; the generation of actionable data or insights; enhanced decision-making or cost
savings; and tangible outcomes in the target domains (e.g., health, education, governance).

5. Ability to Shift the Nash Equilibrium: The intervention’s potential to create a self-
sustaining, system-wide behavioural change where all actors (e.g., users, providers,
regulators) have rational incentives to adopt and continue using it. A shifted Nash
implies that legacy systems are retired or replaced; behavioural norms and institu-
tional practices have permanently altered; and there is clear local ownership and
operational continuity. An intervention that merely coexists with existing practices or
is dependent on external funding fails this test.

6. Conclusion: A summative evaluation that synthesises findings from all prior sections
and assesses the intervention’s long-term viability; ownership, financing, and policy
alignment; whether it meets the necessary conditions to shift the Nash; and whether
the intervention adds systemic value and is likely to endure once external support
is withdrawn.

The conclusion for each intervention examines how many of the following seven
attributes were present:

1. Open-Source Code (Yes = 1; No = 0): Whether the digital intervention’s codebase is
publicly accessible and can be freely used, modified, and distributed. This attribute
indicates whether the technology is open source (Yes = 1) or proprietary (No = 0),
based on statements regarding licensing, public access, or open infrastructure.

2. Regulatory Enablement (Yes = 1; No = 0): Whether a supportive policy or regulatory
framework enables the success or operation of the intervention. This includes man-
dates that enforce adoption, legal provisions that create use-cases (e.g., e-signatures,
health records), and government endorsement or integration. A value of 1 implies
clear regulatory backing, while a value of 0 indicates the absence of such support.
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3. Revenue Model in Place (Yes = 1; No = 0): Whether the intervention has an identifiable
and sustainable financial model. This includes public sector budgetary allocations,
private sector monetisation strategies, and donor or philanthropic support with plans
for long-term funding. A value of 1 indicates that a credible model is described;
0 indicates that funding is ad hoc or uncertain.

4. Substantial Scale Achieved (Yes = 1; No = 0): Whether the intervention has reached a
large number of users or geographic spread in a sustained way. Scale may be indicated
by nationwide rollout, millions of users, or integration into routine government
operations. A value of 1 indicates that the scale has been clearly demonstrated;
0 implies pilots, small rollouts, or stagnant reach.

5. Identifiable Systemic Barrier it Seeks to Eliminate (Yes = 1; No = 0): Whether the
intervention targets a clearly articulated and systemic structural barrier, such as data
fragmentation, lack of portability, absence of real-time information, or institutional
inefficiency. A value of 1 implies that the intervention is specifically designed to
eliminate this barrier.

6. Presence of Pre-requisites (Yes = 1; No = 0): Whether the successful implementation
of the intervention depends on external pre-conditions already being in place. These
could include smartphone penetration, the availability of a trained workforce, digital
literacy, and internet connectivity. A value of 1 indicates that such enabling factors
are present; a value of 0 indicates that critical dependencies are absent.

7. Sufficient Time for Implementation (Yes = 1; No = 0): Whether the intervention has
been in operation long enough to allow for full deployment, feedback integration, and
measurable impact. A value of 1 implies multiple years of implementation (typically
five or more years); a value of 0 means the intervention is too new or still evolving.

The outcome measure was whether the intervention had shifted the Nash equilibrium
(Yes = 1; No = 0). This parameter captured whether the intervention had successfully shifted
the underlying Nash equilibrium of the system, i.e., whether all actors (users, providers,
institutions) now have a stable, self-reinforcing incentive to use the new system, making
reversion to the previous state irrational. This outcome measures systemic transformation,
not just uptake or effectiveness—it captures whether the digital intervention has changed
the game for good.

A value of 1 (Yes) implies that the intervention has replaced or superseded legacy
systems or informal workarounds, the new system is institutionally embedded and locally
owned, stakeholders (including frontline workers, administrators, and end-users) are
now behaving differently due to the incentives and norms created by the system, and the
change is sustainable without external push (e.g., donor support or government mandates
alone). A value of 0 (No) indicates that the system coexists with legacy arrangements or
remains underutilised. In this case, stakeholders revert to old behaviours when incentives
lapse, the intervention lacks ownership, stable financing, or regulatory integration, and the
intervention is perceived as a pilot, donor-driven, or non-essential.

In this study, we distinguish between three related but distinct concepts:

1. Well-being refers to improvements in individual or collective outcomes (e.g., health,
income, education). These are the goals of development, but they may arise from
short-term programs or temporary boosts in service access.

2. Structural change refers to the reconfiguration of formal and informal rules, roles,
or institutional capacities that shape how services are delivered or regulated. Struc-
tural changes may be imposed top-down or may emerge gradually and may not
always persist.

3. Shifting the Nash equilibrium refers to a specific subset of structural change—a
self-reinforcing reconfiguration of actor incentives. In game-theoretic terms, a new



Information 2025, 16, 714 8 of 15

equilibrium exists when no actor (e.g., user, provider, regulator) has an incentive to
revert to prior behaviours, given what others are doing. This implies local ownership,
institutional embedding, and ongoing functionality without external enforcement.

Thus, an intervention may improve well-being or enact structural change without shift-
ing the equilibrium if it relies on coercion, subsidy, or novelty. By contrast, an equilibrium
shift marks a durable transformation in how a system behaves.

The descriptions for each intervention and the entries in the attribute table were
developed collaboratively by all three authors, who arrived at a shared consensus (see
Supplementary Materials). The authors’ use of judgement instead of formal quantita-
tive parameters to code the attribute table may raise concerns regarding generalisability.
While judgement has indeed been applied, it is essential to note that the rationale for our
coding is thoroughly documented in the Supplementary Materials. The expectation in
QCA is for transparent and theory-guided calibration, rather than an exclusive reliance
on quantification.

A glossary of acronyms and key terms is provided in the Supplementary Materials.

3. Results
3.1. Classify the Data into Crisp Sets

While a dataset of 13 interventions limits statistical generalisation, as discussed above,
QCA is designed precisely for such small-N conditions. The objective is not predictive
inference, but the identification of causal patterns through logical sufficiency and necessity.
In QCA, a crisp set refers to a type of set membership in which each case is assigned a
binary value—either fully in (1) or fully out (0) of a set. Crisp set QCA (csQCA) is the
original form of QCA introduced by Charles Ragin and is often used when the number
of cases is low, as in this study, and it is possible to dichotomise attributes [23]. Table 2
presents the crisp sets into which all the cases in this study were classified.

Table 2. Classifying the cases into crisp sets.

#
Digital In-

terventions
(Cases)

Open-
Source
Code

Regulatory
Enable-

ment

Revenue
Model in

Place

Substantial
Scale

Achieved

Identifiable
Systemic

Barrier It Seeks
to Eliminate?

Presence
of Prereq-

uisites

Sufficient
Time for

Implemen-
tation

Shift in
NE

(Out-
come)

1 AADHAAR 0 1 1 1 1 1 1 1

2 CHALO 0 1 1 1 1 1 1 1

3 DHIS2 1 1 0 1 1 0 1 0

4 DIGIT 1 1 1 1 1 1 1 1

5 DIKSHA 1 1 1 0 0 0 1 0

6 Ei ASSET 0 0 1 0 0 0 1 0

7 ICDS-CAS 1 0 0 1 0 1 0 0

8 NCDEX 0 1 1 1 1 1 1 1

9 ONDC 1 1 0 0 0 0 0 0

10 SORMAS 1 1 0 1 1 0 1 0

11 Swiggy 0 1 1 1 1 1 1 1

12 UPI 0 1 1 1 1 1 1 1

13 X-ROAD 1 1 1 1 1 1 1 1
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3.2. Construct a Truth Table

In QCA, a Truth Table is a structured tabular representation that lists all the logical
possible combinations of attributes and indicates what outcome each configuration is
associated with [23]. Given that we have seven attributes, each with a possible of two
outcomes (zero or one), the total number of possible configurations is 27 = 128. However,
it is evident from Table 2 that only seven combinations have associated cases. The seven
combinations and their associated outcomes are presented in Table 3.

Table 3. The Truth Table.

#
Open-
Source
Code

Regulatory
Enable-

ment

Revenue
Model in

Place

Substantial
Scale

Achieved

Identifiable
Systemic Barrier

It Seeks to
Eliminate?

Presence
of Prereq-

uisites

Sufficient
Time for Im-
plementation

Number
of

Cases
Outcome

1 0 0 1 0 0 0 1 1 0

2 0 1 1 1 1 1 1 5 1

3 1 0 0 1 0 1 0 1 0

4 1 1 0 0 0 0 0 1 0

5 1 1 0 1 1 0 1 2 0

6 1 1 1 0 0 0 1 1 0

7 1 1 1 1 1 1 1 2 1

4. Discussion
4.1. Analyse the Truth Table

The most important finding from the Truth Table (Table 3) is that whether the code
used in the digital intervention is open-source or not appears to be irrelevant—the use of
open-source code is neither necessary nor sufficient for the success of an intervention. All
the other attributes, i.e., regulatory enablement, presence of a revenue model, substantial
scale, identification of a relevant systemic barrier, presence of prerequisites, and sufficient
time, are all necessary and collectively sufficient, but by themselves are not enough to
ensure the shift in the Nash that we seek to achieve through the intervention.

There are some interesting additional findings from the Truth Table (Table 3). It can be
seen from the table that all failed models had either a revenue model or scale, but not both.
Additionally, in the case of ICDS-CAS (and its surviving successor, the POSHAN Tracker),
despite all the support they had and continue to have, the reason they have failed to shift
the Nash, which in this case would mean nutrition outcomes of children and reduced
workload of nutrition-workers was they failed to identify the relevant systemic barrier(s).
These could include a lack of trust in the nutrition worker and a lack of understanding of
why she has not been able to deliver the desired nutrition outcomes.

4.2. Interpret the Findings from the Truth Table

The finding that the use of open-source software (OSS) is not central to the success
of digital initiatives that shift the Nash may appear surprising, given that it is considered
to be a definitional part of a digital public infrastructure and a digital public good [28].
However, several risks are associated with the use of OSS, which, in specific circumstances,
may make using proprietary software the superior choice. These include:

1. Technical risks such as limited infrastructure, lack of technical expertise, customisation
challenges, and data security concerns [29–31].

2. Costs associated with initial implementation, ongoing maintenance, opportunity costs,
and costs of customisation [31–34].
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3. Legal and compliance issues associated with data privacy, intellectual property, regu-
latory frameworks, liability, and accountability [35–38].

For those interested in building large-scale digital interventions that can shift the
Nash equilibrium, it would be helpful for them to consult the decision tree presented in
Figure 1. It suggests that where there is a gap in local technical capacity and a need for rapid
deployment, proprietary software may be the most effective approach. Where a sufficiently
large local open-source community exists, good local data protection laws are in place, and
there is a necessity for interoperable systems, open-source becomes the obvious choice.
However, in all other cases, while open-source may still be a viable long-term option, it
will be necessary to invest in developing local open-source communities.

Figure 1. Open-Source versus proprietary decision tree.

It is also important to note from the results in the Truth Table (Table 3) that while the
use of open-source software may not be an essential component for digital intervention
to achieve systemic change, all six of the other attributes must be present. If even one of
them is missing, the digital intervention would likely fail to achieve its objectives. For
policymakers, this reframing offers a practical diagnostic tool: rather than prioritising
software attributes such as open-source code, the focus should be on building incentive-
compatible ecosystems where digital systems embed into governance practices and create
self-reinforcing behaviour.

While our focus has been on identifying conditions under which digital interventions
can shift equilibria, it is equally important to recognise the structural constraints that shape
outcomes in low- and middle-income countries. Even where technical capacity exists,
limitations in state capability, regulatory reach, or institutional trust can slow or reverse
progress. Several of our cases demonstrate that high uptake or strong design features are not
always sufficient for durable equilibrium change if complementary factors, such as stable
governance, local adaptation, and adequate infrastructure, are missing. Acknowledging
these constraints does not undermine the contribution of digital interventions; rather, it
highlights that their success depends on alignment with the broader institutional and
developmental context.

While using QCA as a method, it is important to note that QCA does not estab-
lish causality in the same way as large-N statistical studies; rather, it identifies causal
configurations, i.e., sets of conditions that together are sufficient or necessary for an out-
come [23,27]. This approach foregrounds mechanisms of action rather than treating in-
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terventions as “black boxes.” By focusing on conjunctural causation, QCA helps explain
why the same intervention can succeed in one context but fail in another, thereby offering
insights into how digital interventions may shift equilibria under specific institutional
conditions. Our framework complements established evaluation approaches, including
Theory of Change and Realist Evaluation, by focusing on whether incentives settle into a
stable, self-reinforcing configuration.

5. Limitations
This study is subject to several limitations. We note five that bound the scope of

our conclusions:

1. First, the selection of digital interventions was purposive and not representative; cases
were chosen based on their visibility and data availability, which may have biased
the results toward better-documented or more prominent initiatives. Additionally,
the study examines only 13 cases, which limits the generalisability of the findings.
While QCA is well-suited for small-N analysis, broader claims would benefit from
replication in other sectors or geographical contexts.

2. Second, while crisp-set Qualitative Comparative Analysis (csQCA) enables the identi-
fication of necessary and sufficient conditions, it does not offer probabilistic inference
or generalizability beyond the sample.

3. Third, outcome coding relies on interpretive assessments of whether a “Nash shift”
occurred. Although triangulated with expert opinion and documentation, these
judgments are inherently subjective.

4. Fourth, the dataset reflects a survivorship bias: most included interventions are
still operational. Failed or abandoned interventions, which might offer valuable
counterfactual insights, are underrepresented.

5. Lastly, while this study focuses on structural success, it does not assess unin-
tended consequences or distributional harms, which remain critical in evaluating
real-world impact.

6. Use of AI
Artificial Intelligence tools, such as ChatGPT (4.0) and SciSpace (1.5), were used to

support the literature review, synthesis, consistency checks across drafts, and refinement
of section headings and summaries. No AI-generated content was used in coding the
dataset, interpreting empirical results, or drawing analytical conclusions. The authors
developed all qualitative interpretations and theoretical framing. The use of AI was
restricted to editorial assistance, including copyediting suggestions, formatting consistency,
and verifying citation metadata.

7. Conclusions and Policy Implications
This study contributes to the theory of institutional transformation by reframing

digital interventions as mechanisms for shifting equilibria. Drawing from game theory,
particularly Nash equilibrium, we conceptualise systemic change not as a function of scale
or adoption alone, but as the creation of a new stable state in which all actors—users,
providers, regulators—have self-reinforcing incentives to remain in the new configuration.
By showing that open-source code is neither necessary nor sufficient, we also contribute to
debates in digital governance. Technological openness may facilitate reuse or localisation,
but unless it is accompanied by capacity, ownership, and incentive-compatible ecosystems,
it cannot deliver systemic transformation.

This paper also contributes to the digital governance literature by introducing a con-
ceptual and methodological lens—rooted in game theory and configurational causality—to
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evaluate whether a digital intervention reconfigures institutional incentives in a stable,
enduring way. The Nash equilibrium framework provides a formal structure for thinking
about “durable change” and complements existing sociotechnical models that focus on
integration and inclusion.

For policymakers, this implies a strategic reorientation. Rather than prematurely
focusing on software choices or digital “solutions,” the priority should be identifying
system-wide frictions, designing incentive-compatible architectures, and ensuring long-
term institutional commitment. Regulatory clarity and local ownership are more important
than technological elegance. For funders and implementers, the findings suggest that
interventions with partial configurations—e.g., scale without incentives, or funding without
alignment—are unlikely to persist. Support should be contingent not just on design quality
but on whether the ecosystem as a whole is ready to shift. Ultimately, the promise of
digital transformation lies not in digital tools themselves but in their capacity to reshape
institutional behaviour. When they do so successfully, they not only improve service
delivery—they redefine what is rational, sustainable, and just within the systems they
touch. Our findings offer several implications for ITD theory and practice.

First, they confirm that digital interventions can contribute to development not
through technological features alone, but by realigning institutional incentives and actor
behaviour. Successful interventions, such as Aadhaar, UPI, Chalo, and Swiggy, demonstrate
how IT can shift equilibria by reducing transaction costs, improving coordination, and for-
malising trust relationships. These shifts, in turn, lead to development outcomes, including
expanded financial access, improved public health data, and enhanced service delivery.

Second, we show that open-source status, often assumed to promote transparency
or replicability, is neither necessary nor sufficient for system-wide change. Instead, reg-
ulatory enablement, revenue stability, and a clearly defined systemic barrier are among
the key attributes that consistently appear when digital interventions deliver meaningful
development impacts.

Third, our analysis illustrates the value of configurational thinking in ITD. Rather
than seeking universal best practices, policymakers should assess whether the enabling
ecosystem around a digital intervention is sufficient to produce durable results. This is
particularly relevant for funders and multilaterals investing in platform-scale reforms.

This study contributes to ITD by offering a framework to evaluate digital interventions
not only by their scale or technical design, but by their ability to shift institutional equilibria
in a way that supports inclusive development. By using csQCA to identify the necessary
conditions for such transformation, we provide both researchers and practitioners with a
tool for diagnostic design and strategic evaluation.

Our research suggests that LMIC policymakers should avoid focusing narrowly on
open-source tools or user numbers. Instead, they should ask: Does this intervention change
the rules of the game? If the answer is yes, and if the enabling conditions are present, digital
tools can lead to sustainable and equitable development outcomes.

Our findings can be summarised as a set of five practical rules that can guide policy-
makers and funders at the appraisal stage:

1. If regulatory backing and a sustainable revenue model are absent, interventions are
unlikely to persist, regardless of technical design.

2. If scale is achieved without incentives aligned across actors, interventions may reach
large numbers temporarily, but will not shift the equilibrium.

3. If a systemic barrier is not clearly identified and targeted, interventions risk coexisting
with legacy systems rather than replacing them.

4. If key prerequisites for the specific intervention (infrastructure, capacity) are missing,
early adoption is unlikely to translate into durable transformation.
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5. If sufficient time is not allowed, evaluations risk premature conclusions before incen-
tives have stabilised.

These rules, derived from our QCA findings, provide policymakers with a practical
checklist for early-stage project assessment. They help distinguish between interventions
that are likely to generate lasting systemic change and those that may demonstrate tempo-
rary uptake without durable impact.
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