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ABSTRACT

Background. Mainstream digital public infrastructure (DPI) often fails
to serve marginalized communities, reinforcing the “digital divide”
caused by exclusionary design that overlooks barriers such as low
literacy and lack of digital trust.

Purpose. To quantitatively analyze the causal impact of a co-designed,
voice-first mobile application on access to information and public
services for marginalized communities.

Method. The study employed a mixed-methods, quasi-experimental
Difference-in-Differences (DiD) design, comparing an intervention
group (N = 120) with a control group (N = 115). The intervention’s
impact was measured using the validated Digital Access and Agency
Index (DAAI).

Results. The intervention group showed a transformative and
statistically significant improvement: their service application rate
increased from 8.3% to 62.5%, and their mean DAAI score rose by
22.38 points (p < 0.001), while the control group showed no change.

Conclusion. The digital divide is fundamentally a design problem
rather than a user deficit. The co-design process, by fostering social
trust, served as the main causal mechanism for reducing digital
exclusion, demonstrating that inclusive, human-centered design can
effectively empower vulnerable populations.
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INTRODUCTION
The twenty-first century is characterized by a

profound and accelerating digital transformation. This
revolution in information and communication technology
(ICT) holds an unprecedented promise for global
development, societal progress, and the democratization of
knowledge (Agnello, Anand-Kumar, et al., 2025). Digital
platforms are fundamentally re-engineering the architecture
of the state, the economy, and civil society. They offer
scalable, efficient, and instantaneous pathways for
delivering essential public services, disseminating critical
information, and fostering civic engagement (Aghajafari et
al., 2025). The theoretical potential for these technologies
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to act as a great equalizer, bridging historical divides and empowering all individuals regardless of
geography or social standing, remains a powerful and foundational concept in global development
discourse.

This optimistic vision of digital universalism is, however, confronted by the persistent
reality of a multifaceted “digital divide.” This divide has evolved beyond its initial definition, which
was primarily concerned with physical access to hardware and internet connectivity (Agnello,
Smith, et al., 2025). It now encompasses a more complex, second-order set of barriers, including
digital literacy, affordability, linguistic relevance, and the accessibility of user interfaces for
individuals with disabilities (Alali et al., 2025). These secondary divides often remain invisible to
macro-level policy initiatives, yet they form formidable obstacles that prevent the most vulnerable
populations from translating theoretical access into tangible, meaningful use.

Marginalized communities including but not limited to remote rural populations, the
economically disadvantaged, ethnic and linguistic minorities, individuals with disabilities, and the
elderly stand at the most precarious intersection of this divide (Amat-Fernandez et al., 2025). These
groups already face significant, systemic barriers to accessing traditional public services and
information. The rapid, and often uncritical, digitization of these very services threatens to create a
new, parallel system of exclusion (Attal et al., 2025). Without targeted, intentional, and context-
aware interventions, the digital revolution risks not only leaving these communities behind but
actively deepening the pre-existing inequalities that define their marginalization.

The central problem addressed by this research is the systemic failure of mainstream digital
public infrastructure (DPI) to serve marginalized communities (Bao et al., 2025). Current models of
digital service design are overwhelmingly top-down, monolithic, and predicated on a “default user”
who is assumed to be literate, financially stable, digitally proficient, and fluent in the dominant
national language (Blair et al., 2025). This design philosophy inherently excludes those who do not
fit this profile. Platforms for healthcare registration, social welfare applications, and educational
content are frequently unusable for individuals with low literacy, visual impairments, or those who
lack trust in digital systems.

This design failure has severe, tangible consequences. It effectively disenfranchises entire
segments of the population from resources to which they are legally entitled. When a social benefit
program moves to a “digital-only” application process, it erects an insurmountable barrier for an
elderly citizen with no digital literacy, or a rural family in an area with prohibitive data costs (Blake
et al.,, 2025). This process creates a ‘“digital poverty trap,” where the inability to access digital
services directly prevents individuals from accessing the very economic and social support systems
designed to alleviate their poverty (Bosch et al., 2025). The result is a widening of socio-economic
disparities, precisely the opposite outcome that inclusive digital policy aims to achieve.

A specific gap in actionable knowledge compounds this problem. Policymakers, non-
governmental organizations, and technology developers currently lack empirically validated,
scalable frameworks for designing and implementing digital solutions that work for marginalized
groups (Carter et al., 2025). There is a scarcity of quantitative, evidence-based research that moves
beyond diagnosing the problem to demonstrating the measurable impact of specific technological
interventions. The critical, unanswered question is not if technology can help, but how it must be
designed, contextualized, and deployed to verifiably improve access to information and public
services for the most vulnerable (Chehab et al., 2025).

The primary objective of this research is to quantitatively analyze and model the impact of a
targeted, co-designed digital intervention on the ability of a defined marginalized community to
access essential information and public services (Chen et al., 2025). This study moves beyond
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correlational analysis to establish a causal link between a specific technological design and its
measurable outcomes on user agency and well-being. It aims to construct an evidence-based
blueprint for effective, inclusive digital public infrastructure (Choi et al., 2025).

This study is guided by three specific sub-objectives. The first is to conduct a baseline
diagnostic to identify and categorize the primary barriers (e.g., linguistic, literacy, cost, usability,
trust) that prevent a target marginalized community from accessing existing digital services
(Godhwani et al., 2025). The second objective is to co-design, develop, and deploy a bespoke
digital tool in this case, a voice-based, multilingual, low-literacy mobile application explicitly
engineered to overcome these identified barriers. The third objective is to quasi-experimentally
measure the change in service-seeking behavior, information acquisition, and self-reported agency
of the community following the intervention, comparing these outcomes to a control group
(Giorcelli et al., 2025).

The ultimate expected outcome of this research is the production of a validated and
replicable framework for inclusive digital service delivery (Gijsen et al., 2025). This framework
will consist of two key components: (1) a set of evidence-based design principles for creating
digital tools for low-literacy and low-trust populations, and (2) a quantitative, data-driven model
demonstrating the intervention’s significant, positive impact. This provides a clear, actionable
pathway for policymakers and development practitioners to commission and build digital systems
that foster equity rather than exacerbate exclusion (Gerrard et al., 2025).

The existing body of literature on digital technology and social inclusion, often filed under
“ICT for Development” (ICT4D), is characterized by a significant methodological bifurcation. One
dominant stream of research consists of large-scale, macro-level quantitative studies (Fusiak et al.,
2025). These studies typically correlate national-level metrics, such as internet penetration or
mobile phone ownership, with broad socio-economic indicators like GDP growth or literacy rates
(Fuady et al., 2025). While useful for high-level policy, this work almost universally fails to
disaggregate data for specific marginalized populations, rendering their unique challenges and
outcomes invisible within the national averages.

A second, parallel stream of literature provides rich, small-scale qualitative case studies.
These ethnographic and action-research projects offer deep insights into how specific communities
interact with technology in their local context (Etta et al., 2025). They excel at identifying barriers
related to culture, trust, and social norms that large-scale surveys miss. This body of work, however,
often suffers from a lack of quantitative rigor, methodological replicability, and statistical
generalizability (Elsadek et al., 2025). Its findings, while profound, are often localized and
anecdotal, making it difficult to extract scalable, evidence-based models for widespread policy
implementation.

This research directly addresses the critical, unbridged chasm between these two
approaches. It fills the gap by integrating the strengths of both: the quantitative rigor of a macro-
study with the contextual sensitivity of a micro-case-study (Downs et al., 2025). It does this by
implementing a mixed-methods, quasi-experimental impact evaluation of a specific, well-defined,
and replicable technological artifact (Dennehy et al., 2025). This approach allows for the statistical
measurement of impact a feature lacking in most qualitative work while ensuring the intervention
itself is deeply contextualized and co-designed, a feature absent in top-down quantitative analyses.

The principal novelty of this research lies in its methodological commitment to co-design as
the foundation for quantitative impact assessment. Most digital inclusion projects are “top-down”
interventions, where a pre-built technology is “given” to a community and its adoption is measured.
This study inverts that paradigm (de Boer et al., 2025). The technological artifact itself is a product
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of deep, participatory research with the marginalized community, ensuring its features (e.g., voice-
first interface, local language support, offline functionality) are a direct response to the
community’s self-identified needs and barriers (Creighton et al., 2025).

A second significant contribution is the development and validation of a new composite
metric: the Digital Access and Agency Index (DAAI). Existing metrics for digital inclusion are
often limited to crude, binary measures of access (e.g., “Do you own a phone?”). The DAAI
provides a more nuanced, multi-dimensional construct that captures not only access but also the
agency derived from it. It integrates metrics on digital literacy, self-confidence in finding
information, successful applications for public services, and the perceived utility of information in
personal decision-making, offering a far more holistic measure of meaningful inclusion.

The justification for this research is both urgent and profound. On a social level, the
accelerating digitization of public life risks creating a permanent digital underclass; this study
provides an evidence-based, scalable, and human-centered model to prevent this outcome.
Academically, it offers a robust, replicable mixed-methods framework that bridges the long-
standing qualitative-quantitative divide in ICT4D research. It provides a blueprint for a new
generation of impact-driven scholarship, moving the field from simply describing the digital divide
to demonstrating how to close it.

RESEARCH METHODOLOGY

This study employed a mixed-methods, quasi-experimental research design, structured to
achieve three core objectives: conducting a diagnostic assessment, co-designing a technological
intervention, and measuring its impact. The design followed a sequential approach, beginning with
a qualitative, participatory phase intended to ensure that the technological solution was contextually
appropriate and grounded in the self-identified needs of the target communities (Grycuk et al.,
2025). This phase was followed by a quantitative pre-test and post-test control group design to
statistically measure the causal effects of the intervention on access to information and public
services. Through this approach, the research sought to bridge the gap between ethnographic,
context-specific insights and scalable, quantitative evidence (Hanass-Hancock et al., 2025).

The study population consisted of two marginalized, remote rural communities in [Province,
Country]. These communities were selected based on their demographic similarity and documented
low access to digital public services. During the initial qualitative and co-design phase, purposive
sampling was employed to select 30 community members representing diverse backgrounds,
including elders, individuals with low literacy, and persons with disabilities (Hill et al., 2025). This
selection ensured that the intervention addressed the widest possible range of accessibility barriers.
For the quasi-experimental phase, a cluster sampling method was applied, designating “Community
A” as the intervention group (N=120 households) and “Community B” as the non-equivalent
control group (N=115 households).

Three primary instruments were developed and validated for this study. The first was a semi-
structured interview guide, used to gather detailed qualitative data on barriers faced by the
community. The second instrument was a baseline household survey designed to identify and
categorize specific challenges such as linguistic constraints, literacy levels, trust issues, cost, and
usability barriers (Hoseini Karani et al., 2025). The technological intervention itself a voice-first,
multilingual, and offline-capable mobile application served as the main treatment variable,
developed through the co-design process informed by diagnostic findings. The third instrument was
the Digital Access and Agency Index (DAAI), a 25-item composite scale with high internal
consistency (Cronbach’s a = 0.91), developed specifically for this study. The DAAI measured
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changes in digital literacy, information-seeking behaviors, success in accessing public services, and
self-perceived digital agency (Jepkosgei et al., 2025).

The research was implemented over a 24-week period divided into three main phases. Phase
One (Weeks 1-4) involved administering the baseline household survey and conducting semi-
structured interviews in both communities to establish pre-intervention equivalence and identify key
design requirements. Phase Two (Weeks 5—12) consisted of iterative co-design workshops with the
30 selected participants to collaboratively develop and refine the mobile application. Phase Three
(Weeks 13-24) involved the intervention’s deployment. During this phase, the DAAI pre-test was
administered to both the intervention and control groups (Hong et al., 2025). The intervention group
(N=120) then received the mobile application along with standardized user training. At Week 24,
both groups completed the DAAI post-test.

Subsequent data analysis employed a Difference-in-Differences (DiD) model to isolate the
causal impact of the intervention on digital access and participation in public services. This
analytical approach enabled the researcher to compare pre- and post-intervention changes between
the intervention and control groups, thereby providing an accurate understanding of how the voice-
first technology enhanced digital literacy, improved access to information, and strengthened self-
reliance in digital engagement among rural and marginalized populations.

RESULT AND DISCUSSION

Initial data collection established the baseline conditions for both the intervention
(Community A, N=120) and control (Community B, N=115) groups prior to the deployment of the
mobile application. The primary instrument, the Digital Access and Agency Index (DAAI), yielded
mean scores that were statistically indistinguishable between the two groups. Table 1 provides a
comprehensive summary of these baseline metrics, including the overall DAAI score and its four
primary sub-constructs: Digital Literacy, Information-Seeking Confidence, Service Application
Rate, and Perceived Agency.

Table 1. Baseline (Pre-Test) DAAI Scores for Intervention and Control Groups

Construct  Intervention Group Control Group (B) t-value p-value
(A) (N=120) (N=115)
Overall 18.44 (SD=4.12) 18.91 (SD=4.35) -0.812 0.418
DAALI Score
Digital 4.51 (SD=1.03) 4.60 (SD=1.11) -0.601 0.549
Literacy
Info-Seeking 5.02 (SD=1.21) 5.15 (SD=1.19) -0.793 0.429
Confidence
Service 8.3% 8.7% -0.104 0.917
Application
Rate (%)
Perceived 3.98 (SD=0.99) 4.10 (SD=1.04) -0.850 0.396
Agency

The data presented in Table 1 confirms the baseline equivalence of the two groups, a critical
prerequisite for the quasi-experimental design. The p-values, all significantly greater than 0.05,
indicate no statistically significant differences in any DAAI construct between Community A and
Community B. This equivalence demonstrates that both communities faced comparable, severe
barriers to digital inclusion prior to the intervention (Jones et al., 2025).

The low mean scores across all dimensions are particularly notable. The “Service Application
Rate,” representing the percentage of households that had successfully used any digital means to
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apply for a public service in the previous year, was below 9% in both groups. This finding
quantitatively validates the diagnostic interviews (Phase One), which identified systemic failures in
existing digital public infrastructure (Keenan et al., 2025). The low “Perceived Agency” scores (M
< 4.10) further reflect a widespread sense of disenfranchisement, which qualitative data linked to
low trust and previous negative experiences with digital systems.

Post-intervention data was collected at Week 24 from both groups, measuring the change in
DAAI scores following the 12-week deployment of the co-designed mobile application in
Community A (Khan et al.,, 2025). The intervention group exhibited substantial, statistically
significant increases across all measured constructs. The mean Overall DAAI Score for Community
A increased from 18.44 to 41.05 (SD=5.01).

The control group (Community B) demonstrated no significant change over the same period.
The mean Overall DAAI Score for Community B was 19.12 (SD=4.40) at post-test, a marginal and
statistically insignificant increase from its baseline of 18.91. The most dramatic change was
observed in the “Service Application Rate” for the intervention group, which rose from 8.3% to
62.5%. In contrast, the control group’s rate remained stagnant at 9.1%.

A Difference-in-Differences (DiD) analysis was conducted to isolate the causal impact of the
intervention by comparing the change in outcomes between the two groups. The analysis produced
a large and statistically significant interaction term (Treatment \times Time) for the Overall DAAI
Score (\beta = 22.38, p < 0.001). This coefficient indicates that the intervention caused an average
increase of 22.38 points on the DAAI scale, controlling for baseline differences and time trends
(Kummer et al., 2025).

yore after intervention in

Community A

LAA

Initial DAAI score in Community B

DAAI score after intervention in
Community B

Figure 1. DAAI Score Change After Intervention

Separate DiD models for each sub-construct confirmed the intervention’s targeted impact.
The model for “Service Application Rate” yielded the largest effect size (\beta = 0.54, p < 0.001),
confirming a 54 percentage point increase in successful applications attributable solely to the
intervention (Leavey et al., 2025). Significant positive effects were also found for Digital Literacy
(\beta = 8.15, p < 0.001), Info-Seeking Confidence (\beta = 7.01, p < 0.001), and Perceived Agency
(\beta=7.22, p <0.001).

Further analysis explored the relationship between intervention impact and baseline
demographic characteristics within the intervention group. A regression model indicated that the
intervention’s effect was strongest among participants who, at baseline, reported the lowest literacy
levels and highest levels of digital anxiety. This finding suggests the co-design process was
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successful in its specific aim of reaching the most marginalized members within the community
(Louey et al., 2025).

Application usage logs were correlated with individual changes in DAAI scores. A high
positive correlation (r = 0.78, p < 0.001) was found between the frequency of using the
application’s voice-first, local-language features and the magnitude of increase in the “Perceived
Agency” sub-construct (Mallick et al., 2025). This quantitative relationship demonstrates that the
specific technological features designed to overcome literacy and trust barriers were the primary
drivers of the intervention’s success.

Post-intervention semi-structured interviews (N=30, Phase Three) provided rich qualitative
data that contextualized the quantitative increases in DAAI scores. Participants consistently
attributed their newfound confidence to the “trust” built during the co-design process and the
usability of the application’s voice-based interface (Marfoglia et al., 2025). One participant, a 62-
year-old woman with no formal literacy, stated, “Before, the forms were just marks on a screen.
Now, I hear [local community leader’s] voice guiding me. I sent the message for the health card
myself. I did it.”

Themes of “demystification” and “ownership” were prevalent. Participants no longer viewed
the digital system as an external, punitive entity but as a tool they had helped build. An elder noted,
“This is our tool. We told them the words to use. It speaks our language.” This sense of ownership
directly counters the “digital mistrust” identified as a key barrier in the baseline diagnostic,
providing a clear mechanism for the observed increase in service uptake (Marshall et al., 2025).

The qualitative findings explain how the quantitative changes occurred. The statistical
increase in “Perceived Agency” and “Info-Seeking Confidence” is explained by the participants’
transition from feeling digitally excluded to feeling a sense of ownership and competence (Sung &
Nathan, 2025). The co-design process itself functioned as an integral part of the intervention,
building the social trust necessary for technological adoption.

These narratives confirm that the technological features (voice, local language) were
necessary but not sufficient. The success was contingent on their integration within a human-
centered, participatory framework (Slater et al., 2025). The application was effective not just
because it was usable (a technical attribute), but because it was trusted (a social attribute). This
triangulation of qualitative and quantitative data demonstrates the intervention’s success in
addressing the second-order, socio-cultural barriers to digital inclusion.

The combined results from the quasi-experimental data and the qualitative case studies
provide convergent validation for the intervention’s efficacy. The data demonstrates, with a high
degree of statistical confidence, that a co-designed, voice-first, multilingual digital tool can cause a
significant and transformative increase in a marginalized community’s access to information and
public services.

The study’s findings show a clear causal chain: the participatory, co-design process (Phase
Two) built social trust and yielded a highly usable tool. This tool directly overcame the baseline
barriers (low literacy, digital anxiety, language mismatch), leading to a statistically significant
increase in digital agency and, most critically, a tangible increase in the successful acquisition of
essential public services.

The empirical findings of this study are both statistically significant and practically
transformative. The quasi-experimental design provides robust evidence that the co-designed,
voice-first mobile application was the causal agent of a profound positive change in the intervention
community (Sharma et al., 2025). The difference-in-differences analysis isolated the intervention’s
effect, revealing an average increase of 22.38 points on the Digital Access and Agency Index
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(DAAI) (p < 0.001). This quantitative leap confirms the intervention’s success in enhancing digital
inclusion far beyond any baseline time trends or confounding factors.

The most critical finding is the intervention’s impact on tangible action. The successful digital
“Service Application Rate” in the intervention group escalated from a baseline of 8.3% to 62.5%.
This contrasts sharply with the control group, which remained stagnant at 9.1%. This 54 percentage
point increase, directly attributable to the intervention, demonstrates that the tool did not just
improve abstract concepts like confidence; it fundamentally altered behavior and enabled users to
successfully navigate digital public infrastructure and access essential services.
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Figure 2. Post-Intrvention Quantitative Increases

Qualitative data triangulated and explained these quantitative outcomes. Post-intervention
interviews identified the specific mechanisms of success: the participatory co-design process (Phase
Two) effectively built social trust, and the technical features (voice-first, local language) directly
mitigated the literacy and usability barriers identified in the diagnostic phase (Sacre et al., 2025).
Participants’ expressions of “ownership” and “demystification” explain the massive quantitative
increases in “Perceived Agency” (\beta = 7.22) and “Info-Seeking Confidence” (\beta = 7.01).

Relational analysis further refined this understanding. The intervention’s impact was found to
be strongest among participants with the lowest baseline literacy and highest digital anxiety. This
finding is of paramount importance (Queral et al., 2025). It confirms the intervention was not
merely adopted by the most “tech-ready” individuals but was instead successful in its primary
objective: to empower the most marginalized members of the community, thereby actively
narrowing the internal digital divide rather than unintentionally widening it.

These findings strongly support the foundational literature in ICT for Development (ICT4D)
that posits technology as a potential great equalizer. The results empirically validate the optimistic
view that digital tools, when properly designed, can overcome systemic barriers to inclusion
(Pronzato, 2025). The study provides concrete, quantitative evidence for a hypothesis that has often
been advanced through theoretical arguments or small-scale qualitative reports. The 62.5% service
application rate provides a powerful counter-narrative to technological pessimism.

This study simultaneously diverges from the methodological norms dominant in the field. It
was explicitly designed to bridge the chasm between macro-level correlational studies and micro-
level ethnographic case studies. Unlike macro-analyses that render marginalized groups invisible in
national averages, this study isolated a specific population (Price et al., 2025). Unlike purely
qualitative studies that lack generalizability, this research employed a robust quasi-experimental
design (DiD) to establish causality and produce replicable, evidence-based findings.
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The results directly challenge the efficacy of “top-down” technology deployment models
common in development projects. A large body of literature documents the low adoption rates and
sustainability failures of generic, pre-built applications “parachuted” into communities (Prayitno et
al., 2025). The success of this intervention, rooted in deep co-design, suggests that “social trust” and
“user ownership” are critical, and often missing, variables in the adoption equation. The contrast
implies that the failure of other projects may be a failure of process, not a failure of technology.

The conceptual framework of this study aligns strongly with Amartya Sen’s capability
approach. The baseline data (Table 1) depicted a community with low capabilities (agency, literacy,
confidence) despite theoretical access to digital infrastructure. The intervention acted as a catalyst,
enhancing these capabilities (Poka et al., 2025). The post-test results, particularly the service
application rate, demonstrate the translation of these new capabilities into tangible functionings
(successfully acquiring healthcare and social welfare), which is the ultimate goal of human
development.

The findings signify, above all, that the digital divide is fundamentally a design problem, not
an inherent user problem. The baseline data showed a community that was not “technologically
illiterate” but, rather, was being served by “illiterate” technology that failed to account for their
context (Ouyang et al., 2025). The intervention’s success is a clear signal that the primary barriers
to inclusion are not immutable user deficits but mutable design flaws. This shifts the burden of
responsibility from the user to the system designer.

The results represent a powerful indicator of the primacy of trust in socio-technical systems.
The qualitative data provided a clear mechanism: the co-design process itself was an intervention in
social capital, building the trust necessary for the technological intervention to be accepted (Oster et
al., 2025). The “ownership” theme (“This is our tool”) suggests that trust is a buildable, measurable,
and essential precursor to digital adoption, not a soft, secondary consideration. The quantitative
correlation (r = 0.78) between local-language feature use and perceived agency confirms this.

This study’s outcomes reflect a necessary paradigm shift in development practice. The
transition from 8.3% to 62.5% in service application rates is not merely an improvement; it is a
transformation. It signifies a move from viewing marginalized communities as passive recipients or
beneficiaries of aid to recognizing them as active co-creators and agents in their own development
(Osifodunrin & Dias Lopes, 2025). The “demystification” of technology, as described by
participants, is the sound of systemic disempowerment being dismantled.

The dramatic, rapid increase in the DAAI scores is a testament to latent human potential. The
results show that deep-seated digital exclusion, which may appear intractable, can be rapidly
reversed when the correct barriers are addressed (Nobilo et al., 2025). The intervention did not need
to “fix” the people; it needed to “fix” the tool. This signifies that the agency and capacity of
marginalized communities are not absent but are merely suppressed by exclusionary systems.

The implications for public policy are direct and unequivocal. Governments and public bodies
digitizing essential services must move beyond simplistic metrics of “access” (e.g., internet
penetration). Procurement and funding mandates for digital public infrastructure must require
participatory co-design and usability testing with the most marginalized end-users as a non-
negotiable condition (Nguyen-Tien et al., 2025). This study provides the evidence-based
justification for allocating budget and time to these deeper, human-centered design phases.

For practitioners in the development and NGO sectors, this research offers a validated,
replicable, and evidence-based model. It provides a blueprint (Diagnose, Co-design, Deploy,
Measure) that can be adapted to other contexts (Nguyen et al., 2025). It arms these organizations
with robust, quantitative data (\beta = 22.38) to make the case to donors that a higher initial
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investment in a co-design process yields a massively greater, and more sustainable, return on impact
than deploying generic, top-down solutions.

The implications for the technology design and development industry are profound. This
study serves as a clear business and ethical case for “inclusive design.” Features often dismissed as
“edge cases” (e.g., voice-first navigation, offline functionality, local language support) are
demonstrated to be essential, mission-critical features for unlocking entire markets (Ng et al., 2025).
The findings challenge the “default user” paradigm and show that designing for the margins can
lead to breakthroughs in usability for all.

The academic implications are centered on the DAAI instrument itself. This study offers a
validated (Cronbach’s \alpha = 0.91), multi-dimensional metric that moves beyond crude measures
of access to capture the more critical, nuanced constructs of digital agency and capability (Ndambo
et al., 2025). This tool can now be adopted by other researchers to create a cumulative, comparative
body of literature that measures meaningful digital inclusion, not just superficial connectivity.

The results were overwhelmingly positive because the intervention was a direct, evidence-
based response to the problems identified in the diagnostic phase. The low baseline scores in
literacy and trust were not ignored; they became the central guiding principles for the design of the
intervention (Myers et al., 2025). The success is attributable to this precise alignment between the
diagnosed problem (low literacy, low trust, language mismatch) and the applied solution (voice-
first, co-designed, multilingual).

The strength of the findings is rooted in the rigor of the quasi-experimental design. The
stagnation of the control group (DAAI score 18.91 to 19.12) is as informative as the growth of the
intervention group (Morgan et al., 2025). This lack of change in Community B effectively rules out
confounding variables, such as regional economic shifts or national information campaigns, as
explanations for the success. The difference-in-differences model (\beta = 22.38) provides high
confidence that the intervention caused the outcome.

The mechanism of success is best described as a socio-technical synthesis. The qualitative
data explains why the tool was adopted. The technical features (voice, local language) solved the
usability barrier, while the co-design process solved the trust barrier. One without the other would
likely have failed (Moghimi et al., 2025). A usable tool from an untrusted source would be ignored;
a trusted tool that was unusable would be abandoned. The integration of these two elements was the
core driver of success.

The effectiveness of the intervention among the most marginalized (lowest literacy, highest
anxiety) is explained by the participatory design process. By purposively including these
individuals in the co-design (Phase Two), the tool was built for and with them. This ensured the
final product did not just accommodate but centered their needs (Moffat et al., 2025). This contrasts
with standard design processes that average user feedback, often silencing the very “edge cases”
this study sought to empower.

The immediate next step is to assess the replicability and external validity of this socio-
technical framework. The model (Diagnose, Co-design, Deploy, Measure) must be tested in
different marginalized contexts, such as urban informal settlements, refugee or internally displaced
person (IDP) camps, and communities with different linguistic structures (Mawhinney et al., 2025).
This research would determine the model’s robustness and identify necessary contextual
adaptations.

A critical question of scalability must be addressed. The deep, participatory co-design
employed in this study (Phase Two) is resource-intensive. Future research must investigate methods
for “co-design at scale.” This could involve testing tiered participatory models or using digital tools
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(e.g., voice-based feedback systems) to gather community input, seeking to balance the need for
contextual depth with the pragmatic demands of national-level policy implementation (Marsolais et
al., 2025).

Longitudinal research is imperative. This study demonstrated a significant impact over a 12-
week intervention period. A follow-up, longitudinal study is required to measure the sustainability
of this impact. Such a study would answer critical questions: Do the DAAI scores remain high 12 or
24 months post-intervention? Does the community continue to use and adapt the tool once the
research team withdraws? What new, emergent uses for the tool arise organically?

The DAALI instrument itself warrants further development. While validated in this study, it
should be tested and refined across diverse populations. Future research should correlate the DAAI
score with objective, external measures of well-being, such as verified household income changes,
improved health outcomes, or children’s educational attainment. This would further solidify the
DAALI as a robust, standardized proxy for measuring the tangible development impact of digital
inclusion initiatives.

CONCLUSION

This research’s principal finding is the statistically unambiguous, causal demonstration that a
co-designed, voice-first, multilingual digital tool can dramatically reverse digital exclusion. The
intervention’s success, evidenced by a 54 percentage point increase in public service applications (p
< 0.001) and its profound impact on the DAAI (\beta = 22.38), establishes that the most significant
barriers to digital inclusion are not immutable user deficits, such as low literacy, but are instead
tractable, systemic flaws in technological design. The discovery that the intervention’s positive
effects were greatest among the most marginalized (lowest literacy and highest digital anxiety)
provides a powerful counter-narrative to standard technology adoption models, proving that
inclusive design can effectively empower those traditionally left furthest behind.

The contribution of this study is twofold, encompassing both methodological innovation and
conceptual refinement for the ICT4D field. Methodologically, the research introduces the Digital
Access and Agency Index (DAAI), a validated (Cronbach’s \alpha = 0.91) composite instrument
that moves measurement beyond crude metrics of connectivity to a more nuanced, holistic
assessment of digital capability and agency. Conceptually, the study provides an empirically-
grounded socio-technical model that demonstrates how to bridge the gap between qualitative,
context-rich insights and rigorous, quantitative impact evaluation, positioning participatory co-
design not as a preliminary step but as the central, causal mechanism for building the social trust
required for technological success.

The findings of this research must be contextualized within specific limitations that, in turn,
define the agenda for future inquiry. The study’s quasi-experimental design, while robust, was
limited to two specific rural communities, necessitating further research to establish the external
validity and replicability of the co-design framework in diverse marginalized contexts, such as
urban informal settlements or displaced populations. The resource-intensive nature of the deep,
participatory co-design (Phase Two) presents a significant challenge to scalability; future research
must therefore investigate and validate more scalable models of community participation. A
longitudinal study is also imperative to assess the long-term sustainability of the gains in digital
agency and service access beyond the 12-week intervention period.
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