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ABSTRACT

This article explores the potential of citizen science to act as a driver of
innovation within public sector institutions, with particular attention to its
capacity to democratize knowledge production, reshape institutional practices,
and enhance participatory governance. The central research question addresses
how citizen science initiatives can influence not only the outputs of public service
delivery but also the internal processes and normative frameworks through
which such services are conceptualized and implemented. The underlying
hypothesis posits that citizen science, when effectively integrated into public
administration, facilitates more adaptive, inclusive, and epistemically pluralist
forms of governance.The study adopts a qualitative comparative case study
design, selecting three distinct initiatives—Project ECHO, CivicTrack, and
CoPlan City Lab—based on variation in governance levels, sectoral domains,
and degrees of institutionalization. Data collection methods included semi-
structured interviews with key stakeholders, documentary analysis of project
artifacts, and participant observation at selected events. Analytical coding
combined deductive categories informed by the literature with inductive
insights emerging from the empirical material, allowing for a nuanced
examination of institutional dynamics, power relations, and discursive
formations. The findings indicate that citizen science initiatives can contribute
to process innovation, yield tangible technological and procedural outputs,
and modestly increase public trust in institutions. However, the study also
identifies persistent structural constraints, including institutional inertia,
data credibility concerns, and dependence on individual leadership. The
article concludes that while citizen science holds promise for enhancing
public sector responsiveness and legitimacy, its transformative potential is
contingent upon deliberate institutional design, long-term investment, and a
cultural shift toward shared epistemic authority within governance systems.

Keywords: Citizen Science, Public Sector Innovation, Participatory
Governance, Institutional Change, Democratic Knowledge Production

1. INTRODUCTION

Innovation, once a distant whisper in the corridors of public administration, has now become an
uncompromising demand etched into the very bones of governance. Governments, no longer shel-
tered by bureaucracy’s slow churn, stand exposed beneath the weight of crises: a planet in ecological
peril (Huseyn & Abasova, 2024), health systems battered by viral tides, urban sprawls teetering on
infrastructural fatigue, and civic trust worn thin, thread by thread. The modern public institution,
once excused for inertia, is now compelled forced to metamorphose into something more nimble,
porous, and attuned to the pulse of its people (Osborne & Brown, 2013).
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Into this evolving landscape steps a quiet revolution: citizen science. Not the sterile notion of am-
ateur dabbling, but a deliberate, structured, and participatory reshaping of epistemic authority. It
invites the layperson nurses, students, retirees, farmers to contribute not just data, but discernment.
To elevate the public realm by weaving grassroots insight into the bureaucratic tapestry. This is not
merely a methodological novelty it is a seismic rethinking of governance itself (Hecker et al., 2018).

At its core, citizen science undermines the monolith. No longer is knowledge monopolized by offi-
cialdom; it becomes decentralized, diffused, and dialogic. Citizens do not merely observe—they illu-
minate (Saqlain, 2023). They collect pollutants, track disease vectors, monitor biodiversity, report
infrastructural decay. In return, they shape agendas, question priorities, and, increasingly, co-de-
sign solutions. The result? A richer public discourse, layered with lived realities. A governance mod-
el less technocratic, more reciprocal (Irwin, 2015; Gobel et al., 2019).

The evidence of impact is no longer anecdotal. In spheres from environmental regulation to epi-
demiological mapping, citizen science has begun to etch its influence into policy frameworks. Mu-
nicipalities leverage particulate readings from mobile sensors wielded by joggers (Naranjo, 2024).
Health agencies calibrate outreach strategies using crowd-sourced infection data.

These acts are not symbolic; they recalibrate how decisions are made, who makes them, and on
whose behalf (Skarlatidou & Haklay, 2021; Fritz et al., 2019). Yet, the promise remains uneven.
Integration into institutional workflows is often clumsy, sporadic, and vulnerable to erosion. Who
validates the data? Who funds the platforms? Who ensures that participation is not monopolized by
the already empowered? These questions are not trivial, they are structural.

This article ventures into that contested terrain. It probes the mechanics by which citizen science
catalyzes public sector innovation. It scrutinizes not just the outputs, but the underlying conditions
governance ethos, institutional flexibility, democratic design. For within these margins lies the true
potential: not simply to modernize public services, but to reimagine the architecture of the state it.

2.LITERATURE REVIEW

In the shifting sands of contemporary public administration, a subtle yet profound recalibration is
underway. The notion of innovation once tethered exclusively to internal reform and procedural fine-
tuning has begun to drift outward, seeking nourishment in unexpected places. Chief among them is
citizen science, a once-peripheral movement now pulsing at the heart of participatory governance.
What began as a constellation of grassroots experiments has matured into a formidable catalyst for
institutional renewal, epistemic expansion, and democratic vitality.

For much of the twentieth century, public innovation was locked within bureaucratic cathedrals
hermetic, insulated, linear. It spoke the language of compliance, of performance metrics and admin-
istrative efficiency (Moore, 1995). But the 21st-century public realm, entangled in wicked problems
and democratic malaise, requires a different dialect altogether.

Enter open innovation: not merely as a management strategy, but as an ontological shift. Citizens,
once seen as clients or passive audiences, now appear as co-producers of value, infusing institutional
processes with unorthodox insights and situated know-how (Osborne & Brown, 2013). This realign-
ment resonates with the waning of New Public Management orthodoxy, which though obsessed with
outcomes often neglected deliberation, equity, and adaptability (Pollitt & Bouckaert, 2011).

The public value framework, advanced by Benington and Moore (2011), reframes innovation not
as disruption for its own sake, but as purposeful transformation. Legitimacy, responsiveness, and
mutual learning become lodestars. Within this architecture, citizen science is no longer a curiosity it
is an imperative. The very term citizen science conjures paradox—an intermingling of rigor and am-
ateurism, of authority and improvisation. Yet, therein lies its power. What once gestated in the en-
claves of ecology and astronomy has spilled across borders, disciplines, and bureaucratic domains.

The field’s scope has expanded rapidly: from cataloging butterflies to mapping viral outbreaks, from
monitoring water toxicity to shaping urban futures. At its core lies a radical idea that the generation
of knowledge is not the exclusive right of those with advanced degrees or institutional affiliations
(Haklay et al., 2018).
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Irwin (1995) was prescient in his claim that citizen science is a democratic re-articulation of exper-
tise. It doesn’t just feed data into the system; it questions who constructs knowledge, for whom, and
to what end. Later scholars echo this, positioning citizen science as both a methodological instru-
ment and a socio-political intervention (Bonney et al., 2016). The distinction is critical.

Typologies, such as those by Shirk et al. (2012), nuance our understanding of participation: from
mere data contribution to full-blown co-creation. The deeper the collaboration, the more profound
the systemic ripple. Passive collection enhances datasets; co-design reconfigures institutional DNA
(Vohland et al., 2021). Still, this egalitarian ideal faces scrutiny. Eleta et al. (2019) warn of exclusion-
ary dynamics masquerading as inclusivity. Projects may inadvertently amplify epistemic privilege,
privileging digitally literate, resource-rich participants. The romance of participation must be tem-
pered by a critique of who participates, how, and with what consequences. Evidence of impact is both
heartening and instructive (Protsenko, 2023). Across domains, citizen science projects have trig-
gered real policy shifts, often in response to data the state itself failed to gather—or chose to ignore.

In Europe, the “Air Quality Egg” project enabled citizens to plant air sensors on windowsills and roof-
tops, creating dense, hyperlocal pollution maps. Some municipalities used this data to revise urban
transport policy (Conrad & Hilchey, 2011). In the United States, the infamous “Flint Water Study”
exposed lead contamination that state agencies had either overlooked or concealed. Residents,
armed with sample kits and civic tenacity, forced an institutional reckoning (Edwards et al., 2016).

Public health tells a similar story. “Flu Near You” allowed individuals to report flu symptoms in real
time, generating surveillance data often more nimble than formal reporting channels (Baltrusaitis
et al., 2018). In each case, the institutional impact hinged not just on data volume but on public res-
onance - trust, media attention, and civic pressure. Crucially, the depth of engagement shaped the
depth of change (Zaghdoud, 2025). Initiatives that integrated citizens early and continuously prob-
lem definition, data interpretation, solution framing—unleashed more than just innovation. They
reimagined the logic of public service (Hartley, 2005). Yet even as citizen science gains traction, the
machinery of government groans under the weight of old habits. Bureaucracies structured for pre-
dictability and control often struggle to metabolize the ambiguity and pluralism that citizen science
entails. Structural impediments abound: siloed departments, outdated procurement laws, fragile
digital infrastructure, and professional cultures averse to ,outsider” input (Torfing et al., 2020).
Add to this the complexity of integrating heterogeneous data into standardized policymaking frame-
works, and the challenge becomes not technical but philosophical. Still, islands of promise emerge
(Sakthi & Ghahremanlou, 2024). Enablers include political champions, regulatory scaffolding for
data use, interface platforms that translate citizen input into actionable intelligence, and above all,
an organizational ethos of humility (Hecker et al., 2018; Gobel et al., 2019). Innovation, in this
reading, is less about tools than temperaments. It is worth noting: transformation is as much about
cognitive shifts as institutional design. Civil servants, schooled in expertise and procedure, must
learn to value messier forms of insight. Citizen scientists, likewise, must navigate the rituals and
constraints of policy processes. Success is born not of synergy alone, but of mutual accommodation.

Despite the celebratory tone that often pervades the literature, a sobering truth remains: the field
lacks longitudinal depth. Most studies capture short-term outputs participant numbers, datasets
collected but falter when asked to trace long-run institutional change.Sustainability, too, remains
under-theorized. What happens when funding dries up, political support wanes, or the novelty
fades? What institutional mechanisms can anchor citizen science beyond the passion of its founders
or the publicity of its pilot phase? Moreover, comparative insights are rare. How do different admin-
istrative cultures centralized vs. decentralized, technocratic vs. Participatory shape the adoption and
impact of citizen science? The answers remain tantalizingly elusive.

Phillips et al. (2019) propose multi-layered evaluative frameworks that encompass not only outputs
but also civic empowerment, relational trust, and organizational learning. Such metrics, while com-
plex, are essential if citizen science is to be judged not only by what it gathers but by what it transforms.

The literature speaks with both optimism and caution. Citizen science has undeniably shifted the
terrain of public sector innovation bringing with it a more distributed, dialogic, and grounded epis-
temology. It holds promise not merely as a technique but as a civic ethos one that interrogates the
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hierarchies of knowledge and power in the policymaking process. Yet its institutional embrace re-
mains precarious. For every success story, there are quiet failures projects abandoned, voices mar-
ginalized, data unheeded. To realize the full potential of citizen science, public institutions must
relearn how to listen, rediscover how to share authority, and redefine what counts as knowledge.
Only then will citizen science move from the periphery to the core of how we innovate, govern, and
ultimately belong.

3.METHODOLOGY

The methodology adopted in this inquiry is anchored in a qualitative comparative case study ap-
proach, deliberately chosen for its capacity to unearth the contextual subtleties and institutional
dynamics underpinning citizen science initiatives in the public sector. Rather than pursuing gener-
alizable metrics across vast bureaucracies, this study seeks to excavate meaning, nuance, and oper-
ational depth within a curated set of lived institutional experiences.

Three citizen science initiatives were selected purposively, not randomly. The selection was guid-
ed by variation in governance scale (local vs. national), sectoral focus (environmental monitoring,
public health surveillance, and urban co-design), and institutional maturity (pilot-phase vs. institu-
tionalized models). The rationale was clear: to capture the heterogeneity of public sector experimen-
tation with citizen-driven knowledge production.
These cases include:
 Project ECHO (Environmental Community Hazard Observers) — a municipal-level initiative
for air quality monitoring;
«CivicTrack — a digital platform for community disease tracking run by a regional
health agency;
« CoPlan City Lab — a participatory urban planning tool co-developed by citizens and city
authorities.
Each represents a distinct constellation of stakeholder collaboration, technological instrumenta-
tion, and governance orientation.
Data were collected through triangulated qualitative techniques:
« Semi-structured interviews with 24 individuals: public administrators, project coordinators,
citizen participants, and NGO liaisons.

« Document analysis of project reports, internal memos, policy white papers, and platform an-
alytics dashboards. This corpus eclectic and uneven offered insight into institutional framing
and self-evaluation narratives.

« Participant observation of two participatory workshops held by Project ECHO and CoPlan
City Lab. Field notes emphasized discursive patterns, power asymmetries, and tacit cultural
assumptions.

Figure 1 illustrates the methodological framework guiding the analysis, aligned with the conceptual
trichotomy of process, output, and impact innovation.
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Figure 1 Analytical Framework for Assessing Innovation Outcomes
(Visual: Triangular diagram with three interdependent nodes: “Process” [e.g., participatory dynamics],
“Output” [e.g., tools created], “Impact” [e.g., policy influence, legitimacy gains])

Analytical Framework for Innovation Outcomes

Output

Tools and artifacts
created

Impaoct Process
Policy influence and Participatory
legitimacy gains dynamics

Source: Created by the author using artificial intelligence Napkin Al

A deductive-inductive coding scheme was employed, where initial categories were drawn from the
literature (e.g., co-creation, institutional resistance, trust-building), and new themes were allowed
to emerge from the data corpus. Special attention was paid to contradictions, silences, and disso-
nances, not merely consensus. Several limitations must be acknowledged. First, the non-represen-
tative nature of the cases precludes broad generalization. Second, the ephemeral character of some
initiatives made longitudinal assessment difficult. Lastly, the researcher’s positionality as both ob-
server and interpreter necessitated reflexive scrutiny throughout. To mitigate bias, a second coder
reviewed 20% of the data for intersubjective alignment.

Despite these caveats, the chosen methodology offers a rich, textured lens into the operational and
political realities of citizen science in the public sector. It privileges depth over breadth, and inter-
pretation over measurement, in keeping with the epistemic logic of qualitative inquiry.

4.RESULTS

The findings emerging from the three case studies Project ECHO, CivicTrack, and CoPlan City Lab
paint a multifaceted portrait of citizen science in action. These initiatives, though dissimilar in scale
and domain, converge in their attempt to reconfigure the traditional flow of knowledge, legitimacy,
and decision-making within public institutions. The analysis is structured according to three inter-
linked innovation dimensions: process innovation, output innovation, and impact innovation.

All three initiatives catalyzed some degree of procedural recalibration within public entities. In Proj-
ect ECHO, municipal bureaucrats accustomed to top-down planning found themselves in dialogic
sessions with activists and high school students, debating particulate sensor placement. The re-
sult? A flattening albeit temporary of institutional hierarchies. The project introduced a new layer
of deliberative practice within the planning department. Instead of relying solely on technical staff
reports, decisions were informed by citizen-generated datasets collected using low-cost sensors dis-
tributed across the city’s most polluted zones.

In CivicTrack, the regional health agency piloted a real-time feedback loop, where citizen-submit-
ted data triggered field investigations by epidemiological teams. This process, previously reliant on
bureaucratic escalation, became more agile. However, tensions emerged. Field officers expressed
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discomfort with what one termed the outsourced surveillance model. Bureaucratic identity, steeped
in professional gatekeeping, appeared resistant to public co-monitoring.

Figure 2 illustrates how each case adjusted internal workflows to accommodate citizen input.

Figure 2. Changes in Institutional Process Across Cases

Institutional Workflow Transformation

lterative Co-
> mapping
Workshops

Project
ECHO

>

Dual-track
Model

Traditional
Workflow

> CivicTrack

. CoPlan City

. Open Design
Lab

Labs

Source: Created by the author using artificial intelligence Napkin Al

Each initiative produced tangible artifacts—digital tools, revised protocols, or civic data dashboards
that outlived the project phase. CoPlan City Lab, for instance, developed a GIS-based participatory
design platform allowing residents to simulate green space development in real time. What distin-
guished this output was not technological sophistication but institutional uptake: the city integrated
the tool into its formal planning consultation protocol.

CivicTrack generated weekly epidemiological heatmaps that were co-authored with public contrib-
utors. These maps were circulated in both digital newsletters and printed bulletins in community
health centers—a hybrid dissemination strategy that bridged digital divides.

Project ECHO, despite generating a robust open-access air quality map, struggled with sustained
municipal integration. Technical departments cited concerns over data verifiability. Here, output
was technically robust but politically brittle, underscoring the fragility of citizen-generated evidence
in formal policy channels. Perhaps most profoundly, the initiatives affected how public institutions
were perceived by their constituents. Trust, that elusive currency of governance, shifted—modestly
but meaningfully. In post-initiative surveys conducted six months after project completion, 71% of
CoPlan participants reported increased trust in city planning authorities. In CivicTrack’s jurisdic-
tion, citizen perception of health agency responsiveness rose by 18% compared to baseline figures.
Table 1 summarizes the comparative innovation outcomes across the three cases.

Table 1. Comparative Innovation Outcomes

Dimension | Project ECHO CivicTrack CoPlan City Lab
Process Participatory mapping | Lzen-led Co-design in
patory Mappe | o tbreak flagging planning workshops
. . Epidemiological Participatory GIS

Output Air quality dashboard heatmaps design platform

Raised awareness, Increased trust, Institutionalization,
Impact .

weak uptake faster responses improved trust
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Several cross-case patterns merit reflection:

 Data Validation as Gatekeeping: Institutions hesitated to act on citizen data unless mediated
through expert vetting. This dual-trust threshold—public enthusiasm vs. institutional cau-
tion—created procedural lag.

« Platform Sustainability: While all three projects launched platforms, only CoPlan’s was bud-
geted for maintenance. Project ECHO’s dashboard went offline nine months post-launch due
to expired licenses.

« Leadership as Catalyzer: Where middle-management champions emerged—particularly in Co-
Plan—projects flourished. CivicTrack’s momentum waned after the exit of its program manag-
er, reinforcing literature findings on the fragility of innovation without embedded leadership
(Torfing et al., 2020).

In sum, these results demonstrate that citizen science, when scaffolded with political will and insti-
tutional humility, can usher in not only new data streams but new democratic rhythms. Yet without
sustained commitment, the pulse weakens, and the old order reasserts itself.

5.DISCUSSION

The results offer more than a catalogue of citizen science successes—they reveal a contested frontier
where institutional norms are tested, redrawn, or, in some cases, silently reasserted. While each
initiative produced meaningful shifts in process, output, and impact, the depth and durability of
these innovations were contingent upon a constellation of enablers and inhibitors—leadership, in-
stitutional permeability, and cultural receptivity foremost among them. What stands out across all
cases is the tension between epistemic plurality and bureaucratic orthodoxy (Nurgaliuly & Sma-
gulova, 2025). Public institutions, even those nominally committed to openness, often exhibited
ambivalence toward non-traditional knowledge. This is not simply a matter of data quality—as fre-
quently claimed—but a defensive reflex against the erosion of technocratic authority. Hecker et al.
(2018) and Gobel et al. (2019) have warned that when citizen-generated insights challenge pre-ex-
isting planning logics, they are often side-lined under the guise of insufficient rigor. And yet, where
uptake occurred especially in CoPlan City Lab it was not through full institutional overhaul, but
through strategic insertion. A GIS platform was not just co-designed; it was ritualized within ex-
isting bureaucratic procedures. This suggests a path not of radical reinvention, but of institutional
hybridization—where citizen science nudges governance toward new logics without entirely displac-
ing inherited ones. Institutional hybridization refers to blending traditional bureaucratic practices
with innovative, participatory approaches, exemplified by integrating citizen-led initiatives such as
participatory GIS platforms directly into existing administrative protocols.

CivicTrack, meanwhile, exposed a subtler paradox: the more responsive the system became, the
more it depended on invisible civic labor. Citizens fed data into a model they did not control. This
introduces a normative concern: when participation is decoupled from deliberation, citizen science
risks becoming extractive. Irwin’s (1995) early warnings echo here—without democratic scaffold-
ing, science with citizens may quietly morph into science on citizens. Perhaps the most profound
implication lies not in tools built or policies revised, but in governance imaginaries recalibrated.
Citizen science, at its most generative, invites institutions to reimagine their own boundaries—not as
fortresses of expertise, but as porous nodes within dynamic knowledge ecologies. Yet for this trans-
formation to persist, institutional humility must become a practiced virtue, not a rhetorical flourish.

In short, citizen science can enhance public innovation but only when institutions are willing to

listen beyond the predictable, share power without precondition, and embrace ambiguity as a
site of growth.

6.CONCLUSION

Citizen science, once a marginal curiosity at the edge of institutional imagination, has steadily ad-
vanced toward the heart of public sector innovation discourse. This study has illustrated that when
designed with intention and embedded with care, citizen science initiatives can serve not merely as
instruments of data collection, but as vehicles of democratic renewal, epistemic inclusion, and insti-
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tutional transformation. Across the cases examined, we observed that citizen involvement prompted
new ways of thinking, new modes of doing, and new standards of responsiveness. However, this
transformation was neither linear nor inevitable. It was fragile—subject to bureaucratic inertia,
leadership turnover, and infrastructural neglect. Innovation, it seems, is as much about mainte-
nance and commitment as it is about spark and novelty.

To harness the full potential of citizen science, public institutions must move beyond tokenistic en-
gagement. They must invest in long-term frameworks, inclusive participation models, and reflexive
governance practices. Only then can citizen science evolve from a promising experiment into a pillar
of public innovation architecture. The path forward is not paved in dashboards alone—it lies in the
courage to collaborate, the discipline to adapt, and the wisdom to co-create the state anew.

Practical guidelines for institutional sustainability:

1. Allocate dedicated funding and resources for the ongoing maintenance of citizen sci-
ence platforms.

2. Establish clear procedures for validating citizen-generated data to ensure its reliability and
institutional acceptance.

3. Develop training programs for public officials to facilitate effective collaboration with citi-
zen scientists.

4. Regularly assess and update participation methodologies to prevent exclusion and enhance
inclusivity.
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