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Voluntary engagement is an indispensable cornerstone of Critical
Infrastructures (CI) such as civil protection, disaster, crisis and
rescue management as well as health and social services.
Sustainability of the voluntary sector, however, is massively
endangered by profound changes in demography, social
structure, and volunteer motives in the sense of individualization
and pluralization of society. To address these challenges, this
paper contributes a research roadmap for leveraging recent
advances in Artificial Intelligence (Al) specifically for the
volunteer sector, discussing the proposed research design and
methods together with research objectives and promising
technological solutions. A brief discussion of a first prototypical
realization of LLM-based skill extraction from volunteering
opportunities and an outlook on future research complements

this contribution.
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1 Introduction

Voluntary engagement is an indispensable cornerstone of Critical Infrastructures (CI)
such as civil protection, disaster, crisis and rescue management as well as health and
social services, thus being of fundamental importance for the whole society. More
than 34% of the world’s population already volunteer, topped by even more than
48% in Austria, with a weekly workload of 14.7 million hours, of which more than
5.8 million are dedicated to CI (BMASGPK, 2025; UN, 2026). Sustainability of the
voluntary sector to support Cl is, however threatened by demographic change resulting

in increasing demands for volunteering, but also by wide-reaching motivational and
social change (Simsa, et al., 2019, UN, 20206).

Although initial efforts have been made in the past to address these challenges in the
volunteer sector through zcremental digital transformation (Proll et al., 2017, 2018, 2020ab,
2023, 2024abc), the latest technological advances in Artsficial Intelligence (Al) are opening
up entirely new, revolutionary possibilities for a disruptive transformation of the whole
volunteer sector and its I'T-support (Li et al., 2025, Sun et al., 2025, Wang et al., 2024, Zha
et al,, 2025). The increasing use of Al in almost all areas of society holds wntapped potential
that can also be a crucial turning point for volunteer-driven Cls to effectively tackle
existing challenges (Khan et al., 2024, Proll et al., 2025, Shihan et al., 2025).

This paper therefore contributes a research roadmap for leveraging recent advances in
Al specifically for the volunteer sector in order to strengthen the resilience of
volunteer-driven Cls. Section 2 examines the state of the art by, first, analyzing digital
transformation challenges for volunteering from both the NPO and volunteer perspectives,
and, second, surveying current IT support. Based on that, Section 3 gives an overview of the
intended research design and methods to be used as a sustainable core for the Al-driven
transformation of volunteering. Section 4 then translates this design into concrete research
objectives and promising fechnological solutions along the voluntary engagement life cycle,
focusing on the pre-engagement and the post-engagement phase, in order to specifically promote
voluntary engagement. Finally, Section 5 concludes the paper with a brief discussion of
preliminary results that already implement a small but neverthless substantive part of the

research roadmap, in terms of s&#// extraction, followed by an outlook to future work.
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2 State-of-the-Art

This section delineates the state-of-the-art, first by identifying challenges in the digital
transformation of volunteering and second, by assessing current I solutions thereby

identifying gaps and opportunities for Al-enabled advancement.
2.1 Challenges for Digital Transformation of Volunteering

Volunteer-driven Cls are fundamentally important worldwide and characterized by
massive interdependencies (Proll et al., 2023, Whittaker et al., 2015). Insufficient
sustainability of the volunteer sector due to (7) decline in volunteer engagement, (7)
overload caused by excessive demand, or (7) failure in times of crisis when volunteers
themselves become in need of assistance, would lead to lasting supply bottlenecks
and significant impairments to public safety and governmental stability (see Figure
1). This would endanger not only service quality in non-crisis periods but, above all, in
crisis situations, the mobilization and coordination of the “best forces” would no longer
be guaranteed (Proll et al., 2023).
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Figure 1: Challenges for the Digital Transformation of Volunteering

Source: Own
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Demographic, structural, and motivational change as risk factors. The long-
term sustainability of the volunteer sector to adequately support Cls is significantly
at risk for two central reasons (Proll et al., 2023). On the one hand, demographic change
increases the need for volunteers, especially in health and care. On the other hand,
profound societal structural and motivational change is giving rise to a new generation of
volunteers with different expectations and needs, fundamentally changing the

conditions for volunteering (Simsa, et al., 2019), (see Figure 1).

Resulting challenges for NPOs and volunteers. These challenges particularly
affect the pre-engagement and post-engagement phases of volunteer activities (see
Figure 1) (Proll et al., 2025). In the pre-engagement phase, the need lies—in the sense of
“onboarding”—in creating low-threshold, cross-organizational access to potentially
new volunteers and suitable engagement options in order to ensure effective
alignment of engagement options and potentials that can scale, especially in crises
(Proll et al., 2018, 2023, 2024abc, 2025). In the post-engagement phase— “enconraging”™—
digital appreciation of volunteer performance gains importance, in order to foster
meaning, skill acquisition, and its usability for labor and education markets as well
as for future engagement (Proll et al., 2016, 2017, 2020ab).

2.2 Deficiencies of Volunteering IT-Support

Against this backdrop of challenges in the digital transformation of volunteering, we
survey Volunteer Management Systems (VVMS) and 1 olunteer Web-Portals (1V'WP), (see
Table 1) focusing on how they currently support—and where they fall short in—
pre-engagement “onboarding” and post-engagement “encouraging”, as shown in

our evaluation of 18 systems using over 100 evaluation criteria (Proll et al., 2016).

VMS—State-of-the-art. Contemporary VMS—across commercial platforms,
nonprofit CRMs, and bespoke deployments—support ‘onboarding” through
opportunity  publishing, registration, scheduling, and messaging that provide basic,
low-threshold access within single organizations. However, cross-organizational access
remains fmited, and alignment of engagement options and potentials is predominantly
keyword- and role-driven rather than skill-based, with sparse integration of standardized
skill taxonomies, e.g., ESCO (Smedt et al., 2024) and policy-aware matching. This
constrains scalable coordination, especially in crises. On the “enconraging” side, most

systems #rack hours and participation and offer simple acknowledgments or certificates;
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yet they rarely provide traceable, ESCO-aligned skill acquisition, portable credentials,
e.g., W3C Verifiable Credentials via EUDI Waller (EU 2023, W3C 2022), or analytics
that make volunteer performance usable for labor and education markets and for

future engagement planning.

Table 1: IT-Support for Volunteering - State-of-the-Art

Source: own

m
(VWP)

+ manually entered
engagement options

Scope & * NPO-centric onboarding

Access * limited cross-NPO interoperability e
+ keyword/role-based + keyword-based

Matching Logic I8 minimal skill or policy awareness  « little skill alignment

Skills & ’ Iimi;d ES:lD u;ﬁ it * no standardized skill profiling
* no traceable skill acquisition or .

Recognition portable credentials seldom verifiable recognition
+ most often simple hours tracking

Tracking & for documentation * basic confirmations

Analytics * limited analytics for labor, * minimal analytics

education, or future planning

SR E SR+ weak explainability * no explainability
[ CTLT e 5 + mainly engagement data silos + accessibility not mature

VWP—State-of-the-Art. Aggregating VWP (e.g., VolunteerMatch!, Idealist?, Do
it/UK3, regional/national hubs) advance “onboarding” by offering discovery of
volunteering opportunities across NPOs—typically with listings entered manually—
sometimes with search and filters for cause, location, and time. Yet
cross-organizational alignhment of engagement options and volunteer potentials is
typically &eyword-centric; skill-based matching and standardized profiling, e.g., ESCO
(Smedt et al.,, 2024) are uneven, hindering scalable surge coordination in crises.
Regarding “enconraging”, portals rarely go beyond /Zstings and basic confirmations; they
generally lack mechanisms for digital appreciation that derive and validate skill
acquisition, produce portable, verifiable credentials (EU 2023, W3C 2022), or
feedback insights into personalized upskilling and future engagement pathways.

! https://www.volunteermatch.org/
2 https:/ /www.idealist.org/
3 https://doit.life/volunteer
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While some portals experiment with recommendation engines and chatbots,
explainability, multilingual accessibility according to WCAG (W3C 2024), and
privacy-preserving data sharing are not yet state-of-practice—leaving a gap precisely
where cross-organizational, skill-aware onboarding and interoperable recognition

would create the most value.

3 Research Design for AI-Driven Transformation of Volunteering

Building on our review of digital transformation challenges and IT-support
deficiencies, the increasing use of Al across society offers revolutionary possibilities (Li
etal,, 2025, Sun et al.,, 2025, Wang et al., 2024, Zha et al., 2025). The relevance of Al for
volunteering support is underlined by international developments, for example
China’s 2024 prioritization of comprehensive Al integration in the volunteering
sector, with over 200 million registered volunteers (Shihan et al., 2025).

Pre- and Post-Engagement as High-Leverage Phases for Al-support. Based
on this overall rationale it is therefore of utmost importance to systematically and
comprehensively explore the potential of Al for the volunteering engagement lifecycle (Khan
et al., 2024). Accordingly, we specifically address the pre- and post-engagement phases of
volunteer activities, as they represent high-leverage points for Al support (Piccolo
et al., 2025). These phases exhibit high standardizability, predictability, and data
availability (Proll et al., 2025; Shihan et al., 2025), which makes them particularly
amenable to analytical and optimization-oriented Al-support. By contrast, the actual
engagement phase is strongly shaped by empathy, interpersonal interaction, social
presence and is, due to its domain specificity and variability (Proll et al., 2025, Shihan
et al,, 2025), difficult to support with generic Al-services.

Research design and methods. The research design underlying this overall
research focus addresses the high innovation dynamics in Al research and aims for
sustainable results in order to cope with Al breakneck evolution as best as it gets (Haigh,
2025). Thus, methodologically, the design rests on four complementary pillars:

1. Human-Centered Al (Capel et al., 2023, Schmager et al., 2025) for technology-
agnostic, participatory, and fair conception of data, function, and process pre-
and post-engagement models leading to several benefits like awditability,
observability and accountability as depicted in Figure 2;
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2. Hybrid LLM-based AI (Kedi et al., 2025, Lex et al., 2025), combining, as
illustrated in Figure 2, the verifieability, explainability, and reliability of
deductive, rule- and knowledge-based “symbolic” methods (“Human Intelligence”)
with the exploratory, generalizing and scalable capabilities of inductive, learning
and probability-based “statistical” LLMs (“Data Intelligence”);

' AUDITABILITY v/ ACCOUNTABILITY
Josmaur  WOMAN-CENTERED 4/ 7 &Simoiii

»HUMAN INTELLIGENCE« »IATA INTELLIGENCE«

Rules & Knowledge Learning & Probability

sl HysriD LLM-BASED Al

v RELIEABILITY

v EXPLORABILITY
v/ GENERALIZABILITY
' SCALABILITY

Figure 2: Human-Centered, Hybrid LLM-based Al-support for Volunteering

Source: Own

3. Design-for-Change (Bayram et al, 2025, Raatikainen, et al, 2025) for
developing modular, MLOps-based, evolvable Al services with clear interfaces,
configurable policies, and automated update, test, and rollback processes;

4. Open-source technologies and emerging standards (Kukreja et al., 2024) as
a strategic foundation for rapid and sustainable integration of potentially
upcoming new Al paradigms.

4 Skill-Aware Onboarding & Encouraging: Research Goals &
Al Approaches

Grounded in our research design, the following research objectives and Al solution
approaches translate our overarching vision into an operational research roadmap.
Their rationale and ambition are underpinned by our prior work in the digital
transformation of volunteering (Proll et al., 2016, 2017, 2018, 2020ab, 2023, 2024abc,
2025), providing validated domain models, stakeholder access, and empirical
baselines. Together, these objectives chart a pathway from Al-supported engagement

data collection and  representation to Al-enabled matching, recognition, and planning—
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deliberately focusing on the high-leverage pre- and post-engagement phases (see
Figure 1).

AJVOLUNTEER | HUMAN-CENTERED Al-DRIVEN TRANSFORMATION OF VOLUNTEERING

0 POST-ENGAGEMENT 0

ENGAGEMENT
@ » COLLECTION « @ » REASONING «
ENGAGEMENT
ENGAGEMENT
@» MATCHMAKING ~ « @ »  EXPLORATION «

Figure 3: Human-Centered, Hybrid LLM-based Al-support for Volunteering

Source: Own

Research Objective 1: The first research objective is to enable pre-engagement
onboarding by creating low-threshold, cross-organizational access to suitable
engagement options and volunteer potentials through comprehensive Al-based engagement

data collection and scalable, skill-aware matchmaking.
41 Engagement Collection

First of all, a continuous, dual-track pipeline for capturing both the demand and the
supply sides of volunteering should be established. On the demand side, engagement
options published by NPOs could be systematically harvested, for example via AI-
based web scraping (Navroz et al., 2025) with the aim of extracting required skills

alongside salient descriptors such as engagement form, duration, and intensity. In
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parallel, the supply side should be addressed by eliciting volunteers’ potential—
including existing  skills, preferences, and availability—through interactive
mechanisms such as Al-supported chathots (Naveen et al., 2025). At the same time,
NPOs could be supported through structured Al-driven anthoring tools (Liapis et al.,
2023) for opportunity descriptions, in order to improve semantic consistency, data

quality, and cross-organizational comparability.

Both pipelines should then be normalized using context-sensitive extraction of
standardized skill representations, in particular ESCO-aligned skill profiles (Smedt et
al., 2024), leveraging NLP-based profiling approaches (Luo et al., 2025). These techniques
can be applied both to opportunity descriptions and to volunteer-provided inputs,
with a deliberate focus on ESCO transversal skills that are especially relevant across

the volunteer sector (Vasquez-Rodriguez, et al., 2024).

The extracted and harmonized knowledge should ultimately be consolidated within
a demand-driven, ontology-based data space (GieB3 et al., 2025), envisioned as a semantic
engagement knowledge backbone (T-Box) following a “pay-as-you-go” integration
paradigm (Franklin et al., 2005). Its instance layer (A-Box) would be continuously
enriched through recurring data acquisition from scraping and conversational
interfaces, and should be made programmatically accessible and interoperable, via
emerging Al application communication standards such as the Mode! Context Protoco! (MCP)
(Xinyi et al., 2025).

4.2 Engagement MatchMaking

Building on this knowledge base, we propose semantic engagement matchmaking that
deliberately fuses symbolic and statistical AI—an Al-enabled extension of our previous,
largely rule- and metadata-based approach (Préll et al., 2018). Symbolic models—
ontologies, constraints, and deployment logics—should be used to provide validity,
explainability, and policy compliance, while data-driven methods—embeddings and
similarity metrics—could enhance robustness and recall in heterogeneous,
real-world settings (Lin et al., 2025). We envision a matching engine that adapts
continuously to evolving engagement knowledge (e.g., skill drift, newly emerging roles) via
adaptive, feedback-driven, LLM-supported reinforcement mechanisms Mehdi et al., 2023),
with the goal of keeping recommendations context-sensitive, stable and fair, in line

with governance criteria.
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Research Objective 2: The second research objective is to strengthen
post-engagement enconraging by delivering digital appreciation and practical reuse of
volunteer work via engagement reasoning, while supporting future participation through

analytics-driven engagement exploration and planning.
4.3 Engagement Reasoning

To make volunteer contributions visible and portable, we propose to derive
traceable, ESCO-based evidence of skill acquisition (Smedt et al, 2024)—including
proficiency levels aligned with engagement type, complexity, and autonomy (Ma et
al., 2025). This “hindsight” layer would combine LLM-based justification generation
(“LLM-as-Justifier”) (Zhao et al., 2024), consensus-oriented evaluation procedures
(“LLM-as-Judge”) (Dawet et al., 2025), and semantic clustering of deployment reports,
teedback texts, and chatbot dialogues (Naveen et al., 2025). Verified outcomes are
envisioned to be anchored in a djgital volunteer passport as already available, e.g., in
Austria (BMASGPK, 2025) and the UK (DCMS, 2021), using cryptographically
signed credentials compliant with the W3C Verifieable Credential standards (W3C,
2022), issuable and verifiable via the EUDI Wallet (EU, 2023) under interoperable

governance—enabling recognition across organizations and sectors.

4.4 Engagement Exploration

Complementing recognition, we plan to equip volunteers and NPOs with analytic and
Planning capabilities. Retrospective impact analysis (“isight”) would leverage LILM- and
embedding-supported sentiment and cansal analysis (Cho et al., 2022) to surface self-efficacy,
challenges, and skill gains (Song et al, 2025), augmented by dynamic,
multi-perspective Al-based visual analytics (Wang et al., 2025) to facilitate reflection on
individual engagement trajectories (Jung et al., 2025). Prospective planning
(“foresight”) is proposed to employ zme-series and 1.IM-based forecasting models
(Morita et al., 2025), complemented by conversational ILM-based chatbot agents Naveen
et al.,, 2025), to outline personal skill pathways and explore IF-THEN scenarios.
Together, these components are intended to strengthen retention, guide upskilling,

and inform strategic workforce planning across the volunteer ecosystem.
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5 Preliminary Results and Outlook

This paper presented a research roadmap for Al-enabled transformation of
volunteering to strengthen volunteer-driven Cls. It highlights deficits in current IT
and proposes a buman-centered, hybrid Al approach focused on pre- and post-engagement:
smarter onboarding, competence-aware matching, and recognition/planning to

boost retention and impact.

To address a substantive, honestly still small part of this agenda, we developed a first
prototype for LLM-based skill extraction from engagement option descriptions (Proll et
al., 2025). It bridges labor-market taxonomies and prose-like, soft-skill-heavy texts
using lightweight, scalable Cache- and Retrieval-Angmented Generation (CAG/RAG)
(Kedi et al., 2025) for ESCO-based soft-skill classification, avoiding costly
tine-tuning. We evaluated six LLMs on an expert-labeled set of 66 engagement options
drawn from a ~2,000-item corpus, published on an existing VWP. Eatly results show
higher consistency and precision than purely generative baselines, fewer
hallucinations via ESCO-grounded retrieval, and efficiency gains through
prompt/context-awate caching; challenges remain in fine-grained soft-skill granularity,

free-text ambiguity, and robustness to stylistic variance.

Looking ahead, the s&il/ extraction layer will serve as the bridge into the broader
roadmap’s open points: in onboarding, to surface transparent skill requirements and
candidate strengths; in matching, to align engagement options with volunteer profiles
and organizational needs; and in recognition/ planning, to track acquired competencies

and inform training and deployment.
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