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Abstract: Adult continuing education (ACE) has become pivotal to workforce upskilling, inclusive growth, and lifelong learning. As
digital technologies diffuse across sectors, ACE is undergoing a structural transformation that reconfigures delivery models, resources, and
stakeholder collaboration. This review synthesizes international and Chinese literature on the policy landscape, institutional practices,
enabling technologies, and implementation barriers of ACE’s digital turn. We first clarify concepts and trace the evolution of ACE under a
lifelong learning paradigm. We then examine the application of digital tools (e.g., online and blended learning, Al, data platforms,
blockchain), discussing their educational affordances and quality implications. Next, we analyze advantages (expanded access,
personalization, resource optimization) and challenges (governance capacity, infrastructure gaps, teacher readiness, quality assurance,
equity) reported across contexts. Building on higher education ACE partnerships, resource construction, and remote/online modalities, we
summarize promising pathways for service ecosystems, maturity assessment, and rural revitalization. A global perspective (Germany,
Russia, etc.) highlights transferable mechanisms such as multi stakeholder ““coupled cycles” and competency standards while case studies
showcase domain specific implementations in medicine, archives, and vocational fields. We conclude with a forward agenda emphasizing
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1. Introduction

The accelerating pace of technological change, demographic shifts, and economic restructuring requires adults to
frequently update competencies [1]. Within this landscape, adult continuing education (ACE) functions as a critical
public good: it sustains employability [2], enables social mobility, and supports regional innovation. Digital
transformation spanning connectivity, platforms, data [3], and intelligent applications reshapes how ACE is designed,
delivered, governed, and recognized. Compared with traditional models [4], digital ACE promises broader reach, flexible
pacing, richer analytics, and personalization; yet it also raises questions of quality, equity, credential trustworthiness, and
institutional capacity [5].

Existing studies cover policy initiatives, institutional reforms, and technology adoption across countries and sectors.
However, gaps remain: (i) fragmented perspectives often silo policy [6], technology, and pedagogy; (ii) evidence on
effectiveness and equity is uneven [7]; (iii) quality assurance and governance models for scaled digital ACE need
consolidation; and (iv) guidance on maturity assessment and ecosystem building (especially for universities partnering
with communities and industry) is still emerging. To address these gaps, this review triangulates policy and practice
literature from China and abroad, organizing contributions into five threads: conceptual foundations and trends;
applications and effects of digital technologies; advantages and constraints of transformation; institutional strategies
(universities ACE cooperation, remote/online modalities, and resource construction); and global experiences with
enabling governance and quality [8]. We highlight cross cutting themes teacher professionalization, learner agency, rural
revitalization [9], and inclusivity and propose a forward agenda for sustainable, high quality ACE in the digital era [10].

2. Concepts and Background of Adult Continuing Education
2.1 Lifelong Learning and ACE

Within the digital transformation of ACE, lifelong learning is foundational. Studies emphasize the inevitability of
ACE’s digital turn, the importance of reforming distance education models, and domain specific pathways (e.g.,
automotive majors). Libraries’ smart services [11] virtual modules for elder mental health, motivation of adult learners,
and intercultural opening strategies illustrate how digitalization redefines roles and services across stakeholders. Research
also addresses the well being of ACE professionals and proposes maturity model assessments implemented at open
universities. Strategy training for adult English learners and economic arguments against school dropout further underline
ACE’s role in lifelong learning.

2.2 Evolution and Trends in ACE

Across contexts, scholars converge on a set of persistent frictions access, capacity, quality, and governance that shape
the arc of ACE. Access issues include uneven broadband and device availability, the skills gap in basic and advanced
digital literacies, and time cost constraints for working adults. Capacity constraints center on faculty readiness to design
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data enabled, learner centered curricula; institutional ability to curate and update digital resources; and weak mechanisms
for cross institutional collaboration. Quality concerns range from instructional design (engagement in asynchronous
formats, assessment integrity) to robust quality assurance for large scale online delivery, including learning analytics,
privacy, and accessibility (e.g., WCAG/UDL compliance). Governance challenges involve fragmented responsibilities
across ministries, accreditation bodies, and providers; limited interoperability among platforms (LMS, credentialing,
labor market data); and unstable funding that impedes long term program renewal.

In response, the literature traces a gradual shift from supply driven offerings to competency based, modular, and
stackable pathways aligned with local labor markets. Universities increasingly partner with municipalities, employers,
unions, libraries, and NGOs using action research cycles diagnosing local skill needs, co designing micro credentials,
piloting blended delivery in community learning hubs, and iterating using completion, progression, and employment
metrics. Targeted programs for migrants and refugees illustrate ACE’ s empowerment function: language and literacy
bridges embedded in vocational content; recognition of prior learning (RPL) to shorten time to credential; mobile
first/offline capable content; wraparound supports (tutoring, childcare, transport); and trauma informed pedagogy. In
archival science, the field” s continuing education repositions institutions from custodians to participatory, networked
platforms: digitization and digital repository skills; metadata and persistent identifiers; crowdsourced transcription; rights
and ethics for born digital records; and service models that connect community memory with formal archives.

Sustainability studies including work from low and middle income settings surface structural constraints: donor
dependent financing, patchy connectivity, instructor turnover, and rigid accreditation cycles. Promising responses include
diversified funding (public private partnerships, employer co pay), open educational resources to reduce recurrent costs,
shared regional platforms, and lightweight credential stacks (badges — micro credentials — certificates) linked to labor
market information systems. ACE’ s evolution points toward systems level improvement: (1) platformization with
standards based interoperability (e.g., LTI/XAPI); (2) data informed governance and transparent QA; (3)
professionalization of instructors and advisors; (4) inclusive design and universal access; and (5) concrete, locally
grounded implementation playbooks that translate “digital” from rhetoric into durable capability.

3. Impacts of Digital Transformation on ACE

3.1. Applications of Digital Technology

Empirical work documents digital courses in technical colleges, mobile and digital technology enabling self directed
learning in professional education, and the deep integration of information technology to build service ecosystems for
ACE. Priorities include strengthening digital literacy, optimizing seamless learning environments, reforming degree
oriented continuing education, and articulating transformation pathways that combine digital empowerment, supply side
reform, and industry drivers. Stakeholder visioning and engagement are highlighted as success factors.

3.2. Advantages and Challenges

Advantages include greater accessibility, optimized talent development (e.g., for rural revitalization), and momentum
for high quality development contingent on top level design and infrastructure. Challenges involve ambiguous
connotations of “digitalization,” the need for institutionalized digital rules, theoretical clarity on drivers and pathways,
and program level reform. University cases report “institution + technology + management” models in practice, while
enterprise partners provide smart ACE ecosystems. Field specific analyses (e.g., archives) call for renewed content and
personalized methods. In faculty development, new remote training models emerge; in clinical CME, online transition
expands engagement and reach. Methodological and Al related studies demonstrate technical possibilities relevant to
digital ACE.

4. Digital Strategies in ACE

4.1. University ACE Collaboration

Local universities face pressures (e.g., shrinking student sources) and opportunities to transition toward continuing
education. Recommended measures include mindset shifts, management information systems, digitized archives, and
resource sharing platforms. Scholars argue that digital transformation anchored in technology integration and data driven
approaches is central to modernization and service oriented transformation that boosts efficacy.

4.2. Distance Education and Online Learning

Technology reshapes university based ACE from “course delivery online” into an integrated service system
spanning platforms, pedagogy, quality, and values education. On the delivery stack, institutions combine platforms with
synchronous classrooms, mobile apps, and offline capable content (progressive web apps, downloadable packages) to
accommodate variable bandwidth and work schedules. Interoperability enables single sign on, e portfolio/credential
wallets, and links to labor market data. Assessment tools range from authentic tasks (workplace projects, simulations) to
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low stakes quizzes with item banks, versioning, and academic integrity safeguards (randomization, oral defenses,
calibrated peer review). Learning analytics provide early alert dashboards (attendance, pace, mastery) and drive nudges
through email/SMS/app notifications.

On pedagogy and quality, online ACE shifts toward competency based, modular, and micro credential pathways.
Courses are built with backward design and UDL aligned accessibility. Engagement is planned rather than hoped for:
short video + practice cycles, problem based cases from local industries, discussion protocols, and formative feedback
within 48 72 hours. Quality is maintained through rubrics and checklists (e.g., course alignment, instructor presence,
assessment validity), peer review of courses, and periodic refresh cycles tied to outcome data and employer feedback.
Faculty capability is strengthened via just in time workshops , mentoring, and workload/incentive policies that recognize
online teaching and course redevelopment.

Curriculum ideology construction (values/civic formation embedded in disciplinary teaching) is intentionally integrated
rather than appended. In practice: (1) articulate value outcomes professional ethics, digital citizenship, public health
literacy, equity alongside technical competencies; (2) embed these in case studies and reflection prompts relevant to
learners’ work/life contexts; (3) assess with observable behaviors (scenario analyses, codes of conduct, community mini
projects) and transparent rubrics; (4) ensure instructor presence models respectful discourse in online forums; (5) use
service learning or micro internships to connect civic aims with local needs. Analytics can include participation quality,
perspective taking, and ethical reasoning indicators (qualitative + checklists) to evidence formation, not just completion.

Surrounding governance and learner support complete the picture: clear policies for identity, privacy, and Al tool usage;
proctoring proportional to risk; integrated advising (academic, career, psychosocial) with referral pathways; recognition
of prior learning to shorten time to credential; and multilingual, mobile first help. Equity is designed in device loan
schemes, data light media, flexible pacing, and alternative demonstration of mastery for shift workers and caregivers.

4.3. Construction of Digital Learning Resources

From ubiquitous learning perspectives and “Internet+” initiatives to open university practices, research details course
design, resource extraction, platform integration, and open services. Studies on non degree ACE resource repositories,
convergence of vocational and continuing education, and sectoral exemplars (e.g., water conservancy) discuss
construction, sharing models, and IP management. MOOC based hybrids and digital learning’s regional impacts further
illustrate resource ecosystems. Rural digital community strategies and competency evaluation frameworks for ACE
learners complement this picture.

5. Innovative Practices in ACE

Evidence from entrepreneurial skills programs in ACE consistently reveals a gap between learner effort and
job/venture readiness, driven by theory heavy syllabi, limited practice, generic content untethered to sector realities,
shallow feedback cycles, and weak transversal skills; in response, innovative practice is converging on competency
anchored, work proximal, and equity minded designs that translate time on task into marketable capability. Curricula are
mapped to observable outcomes opportunity recognition, customer discovery, unit economics, regulatory literacy,
negotiation and assessed through authentic artifacts (e portfolios with canvases, prototypes, compliance checklists,
financial models) scored by behavior based rubrics; delivery intertwines venture integrated learning and incubator
partnerships. Pathways are modular and stackable, with recognition of prior learning to shorten time to credential;
pedagogy couples design thinking and lean startup cycles with structured video practice loops, weekly customer interview
quotas, calibrated peer review, and reflective journals that tie decisions to data. A lightweight technology spine with e
portfolio and credential wallets, simulation for pricing/inventory/cash flow shocks, low/no code builders for MVPs,
selective VR/AR for service scenarios, analytics dashboards for pacing and mastery supports scale without sacrificing
quality. Wraparound supports (mentor networks, prototype micro grants, device loans, childcare/stipends, multilingual
advising) and flexible pacing reduce friction for working adults and caregivers; governance formalizes with employers
and public agencies, publishes clear IP and Al/data ethics policies, and blends funding streams (public, employer co pay,
philanthropy). Success is tracked via leading indicators and lagging outcomes (credential attainment,
placement/promotion, revenue/survival, employer satisfaction), feeding continuous refresh cycles. A pragmatic sequence
discover regional skill gaps, co design two pilot micro credentials with industry, pilot and instrument analytics, scale with
standard course shells/rubrics/mentor training, and quality assure through rotating peer reviews and equity audits anchors
implementation and sustains relevance.

6. Global Perspectives on ACE Transformation

6.1. Country Experiences

Germany’s five cycle coupling mechanism for digitalizing continuing education offers policy technical resource
synergy; Russia’s expert assessments benchmark participation and barriers; Chinese scholarship examines ACE’s cultural
role, governance modernization, and upgrading needs. Models that explain adult learners’ choices of digital skills
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6.2. Policy Support and Quality Assurance

Competency formation at multiple levels and governance modernization (direction setting, activation of individual
agency, efficient management technologies) are essential. These inform quality assurance and durable policy support for
digital ACE.

7. Digital transformation in adult continuing education

Digital transformation is rebuilding the entire “supply chain” of adult continuing education end to end. On the
supply side, content creation is shifting from single, static courses to “micro units + competency maps + stackable
credits,” accelerated by generative Al, interactive authoring, and OER co editing for rapid, low cost iteration. On the
delivery side, LMS/LXP platforms, mobile apps, offline packages, and lightweight web modules embed learning into
fragmented adult schedules, while microlearning cadences and just in time prompts align with real work tasks. For
interaction and practice, virtual classrooms, video conferencing, and collaborative whiteboards support synchronous
teaching and project work; AR/VR/MR, high fidelity simulations, remote/virtual labs, and loT/digital twins bring

“learning by doing” into low risk environments and capture performance evidence. In assessment, online quizzes,
authentic tasks, e portfolios, programmatic assessment, and secure proctoring connect item banks, rubrics, and objective
scoring. In data and operations, XAPI/LRS and learning analytics unify process data into dashboards that power
personalized pathways, early warning interventions, and quality improvement integrated with HRIS/CRM/work study
systems to close the loop from enrollment to learning to certification and employment. For recognition, open badges and
blockchain credentials enable verifiable micro credentials and credit banking. For accessibility and compliance, UDL
aligned design, captioning and speech to text/synthesis, multilingual machine translation, and privacy/ethics governance
(data minimization, bias audits) ensure equity and trust. For operations and commercialization, e
commerce/subscriptions/enterprise procurement, RPA for workflows, and A/B testing increase acquisition and delivery
efficiency. The overarching goal is competency centered, personalized, verifiable learning that respects adults’ time
constraints, heterogeneous backgrounds, and job contexts evolving learning from one off courses into a continuous, data
driven capability building system (Table 1).

Table 1. echnologies and Tools in Adult Continuing Education

Techn Represent Primary Typical Implementati Risks/c Common
ology ative role scenarios  on notes onsiderati outcome
category tools/standa ons metrics

rds

Moodle,
Canvas, Manage Define Active
Docebo; courses & Corporat competency Data users,
LTI, pathways; e training; map & tagging; silos; low completion

LMS / SCORM, recommendati for credit integrate engageme rate, pathway
LXP XAPI ons CE SSO/HRIS nt attainment

WeCom/D
ingTalk Over

Mobile learning Pre shift fragmentat DAU,

& apps, mini Fragmented refreshers, 5 10 min ion session length,
microlear programs, , just in time SOP granularity; weakens micro lesson
ning H5 modules  learning highlights  offline access coherence  conversion

Virtual Attendance,
classroo Zoom/Tea Scripted interaction
m & ms, Classin; Synchronou Evening facilitation, Fatigue; counts,
collabora Miro/whiteb s teaching & live classes, breakout design, bandwidth assignment
tion oards teamwork workshops  recordings variance quality

CE
maintenanc

Comm LMS e;
unities & forums, Experience  communitie Moderation Retention,
peer Slack/Feishu sharing, peer s of model;  badge Noise; post/reply
learning  groups review practice incentives cold start  ratio
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Faculty

Conten  Articulate, prep; IP/licens
t H5P; OER Rapid, enterprise Modular e Build cycle
authoring repositories/  reusable knowledge design, version complianc time, reuse
& OER  Git modules base control e rate

GPT Summarizat Assignm Hallucin
based tutors; ion, item ent support, ations, Feedback

Genera auto generation, study Guardrails/cit  bias, adoption rate,
tive Al item/feedbac tailored companion  ation; human overrelianc time to
assistants Kk tools feedback S review e mastery

XAPI, Impact

Learni Learning evaluation; Privacy Alert
ng Locker; Process data ops Unified event complianc precision/recal
analytics  Power capture & optimizatio model & e; metric I, completion
& LRS Bl/Tableau  alerts n dashboards myopia uplift

Unity/Unr Cost,
eal; Healthca Tie to motion

Simula Quest/Apple Scenario re, safety, competency sickness, Pass rate,
tion & Vision training & equipment  rubrics; device error rate
XR devices skills practice  ops evidence capture mgmt reduction

Labster;

Remot remote Practice & Biomed/ Link to Fidelity Lab
e/virtual  instrument experiment chem/EE assessment Vs, cost completion,
labs control substitutes labs rubrics trade off redo rate

Reliability/I

Assess Secure Privacy, RT
ment & ExamSoft, exams, Finals, Blueprinting  fairness & parameters,
proctorin  Proctorio, objective license & equating; item accessibilit misconduct
g Gradescope  scoring renewals analytics y rate

Compete Volume Artifact

Evidence of ncy based, & approval,

ePortf Mahara, competence & project Exemplars + subjective employer
olio PebblePad reflection learning clear rubrics scoring feedback
Work Signal Badge

Micro study value/mark issuance,
credentia Open Verifiable  alignment, Align to et verification,
Is & Badges, micro stackable industry recognitio  labor
badges Credly certification credit standards/roles n outcomes

Blockc Anti
hain forgery, long Regulate Cost,
credentia term d industries Link to credit interopera Verification
Is Blockcerts verification compliance banks bility success rate

Multicult Accessibilit

Access ural y
ibility &  Captions/ UDL, cross cohorts; Transcripts, MT conformance,
multiling ASR, TTS, language global high contrast, alt inaccuraci learner
ual MT access firms text es satisfaction

Securit DLP,

y & consent Data Healthca Data Zero

complian mgmt, audit protection & re/finance  minimization; Complia incidents;

ce trails ethics CE retention policy  nce risk audit pass rate
E

Operat commerce/su Enrollment Public
ions & bscriptions,  conversion, COUrses; Full  funnel Over
commerc RPA; process B2B tracking;  A/B marketing CAC, LTV,
ialization CDP/CRM  automation training tests risk renewal rate
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Integra Corporat
tion & SSO; Ecosystem  e/industry Master  data Integrati Uptime,
interoper HRIS/LTI/C integration, partnership  ownership & on APl stability,
ability aliper single signon s SLAs complexity MTTR

8. Conclusion

Digital transformation has become a defining trend in ACE. Despite contextual differences, infrastructure construction,

resource development, and learner self direction jointly drive the field’s evolution. Future research should prioritize
quality and sustainability, integrate emerging technologies to optimize experience, diversify models and assessments, and
promote interdisciplinary collaboration. The digital turn operationalizes educational equity and lifelong learning,
positioning ACE to contribute more effectively to social and economic development.

References

1. Comings J, Sum A, Uvin J: New Skills for a New Economy: Adult Education's Key Role in Sustaining
Economic Growth and Expanding Opportunity. 2000.

2. Dang QA, Farkas E, Torlone F: Revitalising Adult Continuing Education for Positive Social Changes and
Personal Fulfilment. Form@ re-Open Journal per la formazione in rete 2024, 24(2):1-13.

3. Rocco TS, Smith MC, Mizzi RC, Merriweather LR, Hawley JD: The handbook of adult and continuing
education: Taylor & Francis; 2023.

4, Popovi¢ K: Citizenship education and adult learning and education (ALE). In.: International Council for Adult
Education; 2022.

5. Tan EX, Rajaratnam V: Transformative Digital Leadership: Integrating Digital Health and Credentialing
Innovations. In: Digital Leadership for Sustainable Higher Education. edn.: IGI Global Scientific Publishing;
2025: 75-124.

6. Musendekwa M: Breaking Down Silos: Strategies for Collaborative Technology Integration in Higher
Education. In: Institutes of Higher Education (IHE) and Workforce Collaboration for Digital Literacy. edn.: 1Gl
Global Scientific Publishing; 2025: 1-48.

7. Lah O: Breaking the silos: integrated approaches to foster sustainable development and climate action.
Sustainable Earth Reviews 2025, 8(1):1.

8. Zhu J-h, Yang R: Perceptions of entrepreneurial universities in China: A triangulated analysis. Higher
Education 2024, 87(4):819-838.

9. Miani M, Picucci-Huang S-C: Collaborative transnational education in China: A scoping review of emerging
research trajectories (2016-2023). Chinese Education & Society 2023, 56(5-6):309-330.

10. Feng H, He K: The study of Chinese scholars in foreign policy analysis: an emerging research program. The
Pacific Review 2020, 33(3-4):362-385.

11. Mason J, Carr D: Boosting lifelong learning through digital online education: Australian perspectives and

practices. In: the First Transnational Conference on Adult & Continuing Education: 2021: Atlantis Press; 2021:
129-136.

11
2025@ The American Computational Science Society. All rights reserved.



	1. Introduction
	2. Concepts and Background of Adult Continuing Education
	3. Impacts of Digital Transformation on ACE
	3.1. Applications of Digital Technology
	3.2. Advantages and Challenges

	4. Digital Strategies in ACE
	4.1. University ACE Collaboration
	4.2. Distance Education and Online Learning
	4.3. Construction of Digital Learning Resources

	5. Innovative Practices in ACE
	6. Global Perspectives on ACE Transformation
	6.1. Country Experiences
	6.2. Policy Support and Quality Assurance

	7. Digital transformation in adult continuing education
	8. Conclusion
	References

