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Abstract: Vocational education in China is undergoing a significant transformation with the integration
of Al technologies, aiming to enhance teaching effectiveness and student employability. This study
investigates the impact of Al-powered competency-based learning on teaching effectiveness in
vocational education, considering the mediating role of teacher digital competence and the moderating
influence of workplace learning integration. The study proposes three hypotheses: (1) Al-powered
competency-based learning positively influences teaching effectiveness in vocational education; (2)
Teacher digital competence mediates the relationship between Al-powered learning and teaching
effectiveness; and (3) Workplace learning integration moderates the relationship, with stronger effects
when integration is high. The study employs a quantitative approach, utilizing survey data collected
from 384 vocational education teachers across 43 schools in Province M. The survey measures Al-
powered competency-based learning, teacher digital competence, workplace learning integration, and
teaching effectiveness. Data were analyzed using correlation analysis, regression analysis, mediation
analysis, and moderation analysis. The results support all three hypotheses. Al-powered competency-
based learning significantly enhances teaching effectiveness (p = 0.75, p < 0.001). Teacher digital
competence mediates this effect, accounting for 45% of the total effect (indirect effect = 0.45, p <0.001).
Workplace learning integration moderates the relationship, amplifying the effect by 25% when
integration is high (interaction = 0.25, p < 0.001). This study provides empirical evidence on the
effectiveness of Al-powered learning in vocational education, highlighting the importance of teacher
digital competence and workplace learning integration. The findings suggest that future research should
focus on developing targeted professional development programs for teachers, refining curriculum
structures to integrate Al-based workplace learning, and implementing Al-driven skill tracking and

competency assessment systems. Additionally, longitudinal studies are needed to track the long-term

2136



%/, STAMFORD
UNIVERSITY
The 9th STIU International Conference July 29-31, 2025, Thailand

impact of Al-driven learning on student career success and employability.

Keywords: Al-powered Learning, Vocational Education, Teacher Digital Competence, Workplace

Learning Integration, Teaching Effectiveness

Introduction

Global labour markets are being transformed by the Fourth Industrial Revolution, forcing
vocational education systems to move from time-based to competency-based training models (World
Economic Forum [WEF], 2023). In China, the State Council's 2022 "Action Plan for Modernising
Vocational Education" explicitly calls for "deep integration of industry and education, and the vigorous
promotion of work-study programmes powered by artificial intelligence" (State Council, 2022, p. 4).
Despite substantial public investment-CN¥ 37 billion (<US$ 5.2 billion) between 2021 and 2025 alone-
evidence on whether Al-driven, competency-based learning (AI-CBL) actually improves teaching
effectiveness in Chinese vocational colleges remains fragmented and inconclusive (MOE, 2023). The
present study therefore sets out to answer the following overarching research question:

RQ: How does Al-powered competency-based learning influence teaching effectiveness in
Chinese vocational education, and to what extent is this relationship mediated by teacher digital
competence and moderated by workplace learning integration, after controlling for teaching experience,
subject area, institutional Al readiness, and student skill proficiency?

To situate this question in the literature, the background is organised into five inter-related
sections: (1) the policy imperative for AI-CBL in Chinese VET; (2) the conceptualisation and prior
findings on AI-CBL; (3) teacher digital competence as a key mediator; (4) workplace learning
integration as a boundary condition; and (5) the research gaps that the present study seeks to fill.

Policy Imperative for AI-CBL in Chinese VET

China's transition from a manufacturing- to a knowledge-intensive economy has intensified
demand for higher-order technical skills. The most recent National Vocational Education Reform
Implementation Plan (MOE, 2023) identifies "adaptive digital learning environments" as a strategic
lever for upskilling 30 million technicians by 2030. Pilot programmes in Zhejiang and Jiangsu provinces
have integrated Al-enabled simulators, adaptive learning platforms, and Al-based formative assessment
into curricula (Zhang & Zhao, 2024). However, regional disparities in institutional Al readiness and
teacher preparedness have produced uneven outcomes (Liu & Zhang, 2024). Understanding how Al-
CBL translates into measurable teaching effectiveness is therefore critical for evidence-based policy
diffusion.

Al-Powered Competency-Based Learning (AI-CBL)

CBL focuses on mastery of clearly defined occupational competencies rather than seat-time

(Mulder, 2023). Al amplifies CBL through three affordances:Al-driven personalised skill training:
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Machine-learning algorithms diagnose individual proficiency gaps and sequence micro-learning objects
(Chen & Xu, 2022). Al-enhanced performance assessment: Computer-vision and natural-language
processing automatically score complex performances in virtual labs (Yan et al., 2025). Al-supported
practical training: Extended-reality (XR) simulations replicate high-risk or high-cost workplace
scenarios (CAQA, 2025). Across 1,200 Chinese vocational students, Yan et al. (2025) found that Al-
CBL explained 41 % of the variance in competency scores when combined with high engagement. Yet,
these studies are predominantly student-level and do not examine the mediating role of teacher digital
competence or the moderating influence of workplace learning integration.

Teacher Digital Competence as a Mediator

Teacher digital competence (TDC)-broadly defined as the ability to integrate technology,
pedagogy, and content knowledge (Koehler & Mishra, 2019)-is hypothesised to mediate the AI-CBL-
teaching effectiveness link. TDC comprises three sub-dimensions relevant to VET: Technological
proficiency: configuring adaptive learning paths and troubleshooting Al platforms. Data literacy:
interpreting Al-generated learning analytics to provide personalised feedback (Tischendorfet al., 2024).
Industry alignment: mapping Al-curated content to rapidly evolving occupational standards
(VET2Sustain, 2025). European evidence indicates that instructors with higher AI-TPACK are twice
as likely to translate Al affordances into improved learner outcomes (Redecker, 2023). However,
Chinese VET teachers report moderate TDC levels (M = 3.24/5; Liu & Zhang, 2024). Whether TDC
functions as a significant mediator in the Chinese context has not been empirically tested.

Workplace Learning Integration (WLI) as a Moderator

WLI refers to the systematic embedding of authentic work experiences-such as Al-powered
internships, co-designed industry projects, or XR workplace simulations-into formal curricula (CAQA,
2025). Social-cognitive career theory posits that contextual authenticity strengthens skill transfer and
reinforces self-efficacy (Lent & Brown, 2019). Danish VET colleges employing high-WLI Al
simulations observed 30 % faster skill consolidation (Kold College, 2025). Nevertheless, WLI levels
vary widely across Chinese institutions (from 12 % to 68 % of curriculum hours; MOE, 2023). Whether
WLI amplifies the effects of AI-CBL on teaching effectiveness remains an open empirical question.

Summarising the above, four gaps motivate the current study:

Gap 1: Fragmented evidence. Existing studies examine AI-CBL, TDC, or WLI in isolation; no
study integrates all three constructs in a unified model. Gap 2: Level-of-analysis bias. Prior work
focuses on student outcomes; teacher-level teaching effectiveness is under-examined. Gap 3:
Contextual specificity. Limited evidence derives from the Chinese VET system, which differs markedly
in governance, culture, and labour-market coupling. Gap 4: Methodological limitations. Most studies

are qualitative or correlational; rigorous mediation and moderation analyses are scarce.
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Research Objectives
Objective 1. To examine the direct effect of Al-powered competency-based learning on
teaching effectiveness in Chinese vocational education.
Objective 2. To determine whether teacher digital competence mediates the relationship
between Al-powered competency-based learning and teaching effectiveness.
Objective 3. To test the moderating role of workplace learning integration in strengthening or
weakening the above relationships.
Objective 4. To provide evidence-based recommendations for policy makers and institutional
leaders on optimal resource allocation between teacher up-skilling and industry-education

collaboration.

Literature Review

1. Review of Topics and Variables

Across the past five years, the integration of artificial intelligence (Al) into vocational education
has shifted from a peripheral experiment to a core strand of edcational-technology scholarship. Early
systematic reviews by Zawacki-Richter et al. (2019) mapped Al applications in higher education but
left vocational contexts under-represented. Subsequent meta-analyses by Huang, Liu, and Zhao (2022)
specifically situated Al within Chinese vocational colleges, confirming that adaptive learning systems,
automated assessment engines, and workplace simulations yield medium-to-large effect sizes (g =0.63—
0.78) on skill acquisition. These studies operationalise Al-powered competency-based learning as a
multidimensional construct encompassing personalised skill training, Al-enhanced performance
evaluation, and Al-supported practical training—precisely the dimensions adopted in the present
research.

The dependent variable, teaching effectiveness in vocational education, has been theorised
through two dominant lenses. Human-capital theory (Becker, 1964) frames effectiveness as improved
student job readiness and teacher productivity, whereas situated-cognition perspectives (Collins, 2019)
emphasise the alignment of classroom tasks with authentic workplace practices. Recent empirical work
by Lin and Warschauer (2021) demonstrates that Al-driven simulations significantly elevate both
cognitive and psychomotor outcomes, thereby validating the dual-indicator conceptualisation used here.

Crucially, the mediating role of teacher digital competence has gained prominence following
UNESCO’s (2021) call for domain-specific Al literacy frameworks. Redecker and Punie (2023)
validated a four-factor teacher-competence scale that includes proficiency in integrating Al tools, using
Al analytics for personalised feedback, and aligning instruction with industry standards—dimensions
that mirror the current study’s mediating variable. Their cross-national study (n = 2 147 educators)
found that teacher digital competence explained 42 % of the variance between Al adoption and

instructional quality, a finding replicated in the present mediation model.
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Equally important, workplace learning integration has emerged as a boundary condition.
OECD’s (2023) report on vocational education highlights that Al benefits are amplified when curricula
embed real-time industry data, Al-guided internships, and co-created workplace simulations.
Longitudinal evidence from the Sino-German Automotive Alliance (State Council, 2022) shows that
students exposed to high-integration Al programs exhibited 25 % faster workplace induction and 18 %
higher first-year retention, corroborating the moderating pathway hypothesised in this research.

2. Theoretical Framework

The theoretical framework for this study is based on the integration of several established
theories that explore the impact of digital gamification on student engagement and academic
performance. These theories include Self-Determination Theory (SDT), Expectancy-Value Theory, and
the Flow Theory, all of which provide insight into the cognitive and motivational processes that link
digital gamification with student behavior and academic outcomes. These frameworks also emphasize
the role of learning motivation as a mediating factor in this relationship.

2.1 Work-Based Learning Theory

Activity theory conceptualises learning as historically situated, tool-mediated action within an
activity system whose components-subject, object, mediating artefacts, rules, community, and division
of labour-mutually constitute one another (Engestrom, 2001). In vocational education, the "subject" is
typically the teacher-student dyad, the "object" is mastery of occupationally relevant competencies, and
the "rules" are industry standards and institutional regulations. Engestrom (2001) emphasises expansive
learning cycles in which contradictions between system elements become sources of innovation: when
Al tools are introduced, they mediate the subject-object relation by providing adaptive feedback loops,
but may also create new tensions with existing assessment rules or labour divisions. Resolution of these
contradictions generates qualitatively new forms of practice. Empirical studies using CHAT in VET
have shown that Al-driven simulators can trigger expansive learning when teachers and students
collectively renegotiate what counts as "authentic" workplace performance (Engestrom & Sannino,
2020).

Billett (2023) situates learning in the relational interdependence of individual engagement and
workplace affordances. "Co-participation" denotes the reciprocal process whereby learners'
contributions shape, and are shaped by, the social and material practices of a workplace. Authenticity
is therefore not a property of the environment per se, but of the alignment between learners' actions and
the culturally valued practices of the occupational community. Within AI-CBL, co-participation implies
that algorithmically personalised tasks must retain fidelity to the epistemic, social, and material
demands of real workplaces; otherwise transfer of learning is compromised. Billett's framework predicts
that Al tools will enhance learning only when they afford learners legitimate roles in joint problem-
solving with industry practitioners.

Tang and Li (2024) report a quasi-experimental study in which 342 Chinese vocational students
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completed a four-week virtual internship hosted in an Al-orchestrated digital twin of a smart factory.
Guided by CHAT principles, researchers observed three expansive cycles: (1) initial contradiction
between students' prior procedural knowledge and the Al system's data-driven diagnostics; (2)
collective negotiation of new performance indicators that integrated predictive-maintenance logs with
traditional quality-control metrics; and (3) stabilisation of a hybrid assessment regime adopted by both
the college and the partner enterprise. Post-intervention competency scores improved by 0.68 SD
compared with the control group, supporting Engestrom's (2001) claim that contradictions mediated by
Al artefacts can catalyse transformative workplace learning.

Wu, Zhao, and Cheng (2023) embedded Al-guided capstone projects in automotive-mechanics
programmes across six Shanghai vocational colleges. Using Billett's co-participation lens, the authors
coded video data of students troubleshooting Al-flagged engine anomalies alongside master
technicians. Findings indicate that when Al dashboards provided real-time, contextual cues aligned with
industry diagnostic routines, students' participation legitimacy increased, leading to a 37 % higher rate
of successful fault resolution compared with traditional paper-based cases. Conversely, when Al
feedback lacked contextual grounding, co-participation faltered and learning gains dissipated. The study
underscores Billett's (2023) argument that authenticity is achieved through relational alignment rather
than technological fidelity alone.

2.2 Adaptive Learning Theories

Benjamin Bloom's mastery learning model rests on two axioms: (a) virtually all learners can
attain a specified level of mastery if provided sufficient time and appropriate instructional support, and
(b) aptitude is predictive only of the time required for mastery, not of ultimate achievement (Bloom,
1968). The instructional sequence involves diagnostic pre-assessment, highly sequenced learning units,
formative evaluation, and corrective enrichment loops until the mastery criterion is reached (Block,
1971). Bloom demonstrated that group-based mastery programmes yielded effect sizes of
approximately 0.5-0.7 SD, while adding one-to-one tutoring pushed gains to the celebrated "two-sigma"
level (Bloom, 1984). Contemporary Al systems operationalise mastery principles by continuously
monitoring learner responses and dynamically reallocating content difficulty and pacing, thereby
approximating the corrective feedback once delivered by human tutors (Xu et al., 2024).

Vygotsky conceptualised the ZPD as "the distance between the actual developmental level as
determined by independent problem solving and the level of potential development as determined
through problem solving under adult guidance or in collaboration with more capable peers" (Vygotsky,
1978, p. 86). Learning is maximised when tasks are pitched within this zone, supported by scaffolding
that is progressively withdrawn as competence increases (Chaiklin, 2003). In Al-enhanced settings,
algorithms function as distributed scaffolders, calibrating task complexity, hints, and feedback in real
time to maintain learners at the upper boundary of their ZPD (Huang et al., 2024). The constructivist

emphasis on social interaction is preserved through Al-mediated peer collaboration tools and human-

2141



V/7» STAMFORD
UNIVERSITY
The 9th STIU International Conference July 29-31, 2025, Thailand
in-the-loop mentoring (Bognovich, 2009).

Xu, Chen, and Zhao (2024) embedded Al-driven diagnostic agents within a VR welding
simulator used by 412 Chinese vocational students. The system employed Bayesian knowledge tracing
to update latent skill estimates every 30 seconds and automatically adjusted torch-angle tolerances so
that task difficulty remained within each learner's ZPD. Post-test competency scores improved by 0.82
SD compared with fixed-difficulty controls, and mastery rates rose from 54 % to 78 % within the same
instructional hours. Qualitative think-aloud data revealed that students perceived the Al scaffolds as
"invisible tutors" that faded cues precisely when self-regulation emerged-an instantiation of Vygotsky's
scaffold withdrawal (Van de Pol, Volman, & Beishuizen, 2010).

Huang, Li, and Sun (2024) leveraged gradient-boosting models fed by clickstream, quiz, and
affective data to predict mastery failure two weeks in advance. Their study of 1,200 automotive-
mechanics students found that early-alert dashboards triggered corrective micro-modules, reducing
drop-out risk by 34 % and narrowing the achievement gap between low- and high-aptitude quartiles.
The predictive engine's success aligns with Bloom's contention that timely remediation can neutralise
aptitude differences (Bloom, 1968). Moreover, the analytics dashboard served as a meta-scaffold for
instructors, guiding them to allocate human tutoring resources to precisely those learners whose ZPD
required social mediation.

Contemporary AI-CBL platforms synthesise mastery thresholds with ZPD scaffolding: mastery
criteria define the terminal objective, while ZPD algorithms calibrate the pathway. This dual
architecture is evident in systems such as ALEKS and Squirrel Al, where mastery gates are set at 80 %
accuracy, but the sequence of micro-objectives is continuously re-sequenced to ensure each learner
remains optimally challenged (Luoto et al., 2023). Empirical evaluations report effect sizes of 0.65-0.90
SD on post-test competency scores, rivalling Bloom's original two-sigma benchmark without the
prohibitive cost of human tutoring (Bognar et al., 2024).

The convergence of mastery learning and ZPD within AI-CBL reframes Bloom's "time to
mastery" as "optimal cognitive load within the ZPD," thereby integrating temporal and sociocognitive
dimensions. Al systems now instantiate Carroll's (1963) model of school learning, where the degree of
learning is a function of time spent and time needed, yet recalibrate both parameters dynamically. Future
research must examine whether Al-mediated mastery can maintain motivational engagement once
algorithmic scaffolds are withdrawn-a question central to sustainable adaptive learning design.

2.3 Al-Driven Skills Development Models

Li and Zhang (2023) propose "Dynamic Skill Tracking" (DST) as a real-time, sensor-based
analytics architecture that continuously maps an individual's competency progression across technical
tasks. DST integrates Internet-of-Things (IoT) wearables, computer-vision cameras, and edge-Al
processors to capture micro-level performance data-torque angles, keystroke rhythms, eye-gaze heat-

maps-then feeds these streams into recurrent neural networks that update latent skill estimates every
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200 milliseconds. The model is underpinned by Bayesian Knowledge Tracing enhanced with Gaussian-
process regression to quantify uncertainty and forecast mastery dates at the micro-credential level. In a
semester-long welding programme involving 187 Chinese vocational students, DST predicted end-of-
term practical scores with a root-mean-square error of 3.4 %, outperforming traditional end-of-unit
quizzes (8.7 %). Importantly, the system triggered just-in-time adaptive prompts whenever the posterior
probability of mastery dropped below 0.75, effectively operationalising Bloom's (1968) mastery
criterion in real time .

Zhang (2024) advances the "Simulation-Transfer Loop" (STL) as a cyclical pedagogy that
sequences Al-generated scenarios, deliberate practice, automated feedback, and authentic workplace
application. STL is grounded in Kolb's experiential learning cycle but is augmented by reinforcement-
learning agents that iteratively refine task difficulty to maintain learners within their zone of proximal
development. The loop begins with a high-fidelity XR simulation seeded by historical industry data;
learners' actions are logged and classified by a convolutional-neural-network policy evaluator that
delivers granular feedback within 30 seconds. Mastery gates-pre-set via Dynamic Skill Tracking-trigger
transfer tasks on the actual shop floor, supervised by human mentors who rate performance using the
same latent-skill rubric. A two-year longitudinal study across four automotive plants found that STL
graduates reduced onboarding time by 28 % and defect rates by 19 % relative to traditionally trained
counterparts .

China's Ministry of Education (MOE, 2022) introduced the "1+X" certificate system to align
vocational curricula with rapidly evolving industry needs. The "1" denotes the standard diploma, while
the "X" refers to a stackable set of micro-credentials in emerging technologies-e.g., industrial-robot
programming, additive manufacturing, Al quality inspection-co-designed with sector leaders such as
Huawei, Bosch, and Haier (Tang, 2019). Al plays a dual role: (a) predictive analytics that map micro-
credential demand to regional labour-market data, and (b) adaptive e-portfolios that automatically
evidence skill acquisition via Dynamic Skill Tracking outputs .

Competency Gap Forecasting. Machine-learning models ingest regional job-posting data and
enrolment trends to forecast shortfalls in specific "X" certificates, enabling colleges to calibrate course
offerings dynamically. Micro-Credential Sequencing. Reinforcement-learning agents sequence learning
modules so that each "X" certificate builds upon prior DST mastery levels, reducing duplication and
cognitive overload. Authentic Assessment Integration. STL loops are embedded within each "X"
pathway; learners must complete Al-simulated capstones before sitting for industry-proctored exams,
ensuring transfer validity (MOE, 2022).A 2023 national evaluation involving 42,000 students across 72
vocational colleges revealed that Al-aligned "1+X" pathways increased first-attempt pass rates by 31
% and employer satisfaction scores by 0.42 SD relative to legacy programmes. Notably, the effect was
strongest when DST data were shared in real time with workplace mentors, corroborating the co-

participation thesis that authentic feedback loops amplify skill transfer (Billett, 2023).
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Despite promising outcomes, both DST and STL face scalability challenges in low-resource
regions where sensor infrastructure is limited. Moreover, ethical concerns around continuous biometric
surveillance require robust governance frameworks to ensure learner consent and data privacy (Khang,
2024). Future research should therefore explore federated learning architectures that preserve privacy
while sustaining the granularity required for effective Al-driven skills development.

3. Current study and Gaps

Despite the rapid expansion of Al-powered competency-based learning (AI-CBL) in vocational
education, the extant literature reveals four inter-related limitations that urgently demand scholarly and
policy attention. These gaps are not merely methodological niceties; they constitute systemic blind spots
that, if left unaddressed, will perpetuate fragmented understandings and ineffective implementation of
AI-CBL, particularly within China's 11,000-plus vocational institutions.

Most empirical studies isolate either teacher digital competence (TDC) or workplace learning
integration (WPL) as predictors of learning outcomes, but fail to test their combined mechanistic roles
within a single, integrated framework. Zhao and Wang (2024) used multilevel structural equation
modelling across 43 Chinese vocational colleges and demonstrated that TDC fully mediates the
relationship between AI-CBL adoption and student competency scores (B = .41, p <.001). However,
their model did not include WPL as a boundary condition. Conversely, Billett's (2023) meta-analysis of
54 studies established a robust positive correlation (r = .68) between WPL intensity and AI-CBL
effectiveness, yet treated TDC as a background variable rather than a potential mediator. The absence
of a moderated-mediation specification means that the field lacks evidence on whether WPL amplifies
or attenuates the indirect path from AI-CBL — TDC — student outcomes. This theoretical lacuna has
practical consequences: policymakers are left uncertain about whether to prioritise teacher up-skilling,
industry placements, or both.

The mediation-moderation disconnect is exacerbated by disciplinary silos. Studies grounded in
educational technology tend to foreground TDC and neglect WPL (Chen & Xu, 2022), whereas work-
learning scholars privilege contextual immersion and under-specify teacher cognition (Park, Woo, Oh,
& Park, 2021). Consequently, ecosystemic interactions-wherein teachers translate Al diagnostics into
industry-aligned tasks within authentic workplaces-remain under-theorised. The present study therefore
proposes a moderated-mediation model that positions TDC as the mechanism and WPL as the boundary
condition, thereby closing this conceptual gap.

Current teacher competence frameworks, including UNESCO's (2023) AI Competency
Framework for Teachers and China's Teacher Digital Literacy Standards (MOE, 2022), focus
predominantly on technical Al proficiency and pedagogical design. They omit competencies such as
"translating Al-generated analytics into industry-aligned feedback" or "co-designing Al curricula with
employers," both of which are essential for vocational relevance. Sun, Li, and Zhang (2024) conducted

a systematic review of 67 empirical studies and found that only 11 % operationalised industry-alignment
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capability as a measurable dimension of TDC. Existing scales typically assess teachers' confidence in
using Al dashboards or their ability to personalise learning paths, but they do not capture the nuanced
skills required to map algorithmic insights onto rapidly evolving occupational standards.

The deficit is compounded by disciplinary heterogeneity. In hospitality programmes, for
instance, AI-CBL tools must integrate soft-skill simulations (e.g., Al-driven chatbots for customer
service) that differ markedly from the sensor-rich diagnostics used in precision manufacturing. Generic
TDC measures therefore risk construct under-representation. The absence of validated, sector-specific
instruments leaves teachers without actionable feedback and institutions without benchmarks for
professional development. The present study addresses this void by developing and validating an
"Industry-Alignment TDC" sub-scale embedded within the broader TDC construct.

While qualitative case studies have richly described synergies between WPL and AI-CBL-such
as digital-twin internships in logistics (Tang & Li, 2024) or Al-guided industry capstones in predictive
maintenance (Wu et al., 2023)-quantitative evidence remains sparse. Park, Woo, Oh, and Park (2021)
noted that only 9 % of workplace-learning studies employed controlled experimental designs, and none
used PROCESS-based moderation analysis to quantify WPL's amplifying effect. Longitudinal evidence
is particularly scarce: Mohd Fahimey et al. (2024) explicitly called for "multi-wave designs to track
skill retention and employment outcomes" but found none in their systematic review. The lack of
hierarchical regression or bootstrapped moderation analyses weakens causal inference and undermines
policymakers' ability to prioritise WPL investments.

Contextual specificity exacerbates the problem. Most quantitative studies originate from
Malaysia or Europe, with limited representation from China's vast vocational ecosystem. Zhou (2024)
revealed significant urban-rural disparities in Al readiness; rural institutions report 2.7 times slower
broadband and 64 % fewer GPU-enabled workstations. Without embedding contextual variables as
covariates, external validity remains questionable. The present study addresses this gap by employing
PROCESS Model 14 (Hayes, 2018) to test WPL's moderation of TDC's mediation pathway within a
stratified sample of Chinese colleges.

The Chinese vocational landscape is heterogeneous along multiple axes-urban-rural divides,
disciplinary domains, and teacher mindset resistance-yet these factors are rarely modelled as covariates.
Zhou (2024) documented that only 28 % of public colleges possess the minimum Al-readiness threshold
defined by MOE (2022), and that rural colleges face compounded barriers of infrastructure deficit and
demographic ageing. Discipline-specific adoption challenges are also pronounced: precision-
manufacturing programmes benefit from sensor-rich Al diagnostics, whereas hospitality programmes
struggle with soft-skill simulations that lack algorithmic transparency.

Moreover, teacher mindset resistance-stemming from algorithmic scepticism and workload
concerns-has received scant quantitative attention. Li (2023) found that 47 % of vocational teachers

expressed "Al anxiety," yet only 9 % of studies controlled for this attitudinal variable. The absence of
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contextual modelling restricts the generalisability of AI-CBL findings across China's 11,000-plus
vocational institutions and hampers evidence-based policy diffusion.

The literature paints a promising yet fragmented picture of AI-CBL in vocational education.
Theoretical alignment with CHAT and co-participation frameworks is robust, and empirical efficacy is
well-documented. However, the mediation-moderation disconnect, the industry-alignment capability
deficit, quantitative scarcity for WPL's moderating role, and contextual blind spots collectively
constrain the field's explanatory and predictive power. The present study is designed to address each of
these gaps by integrating a moderated-mediation model, developing sector-specific TDC scales,
employing rigorous quantitative methods, and embedding contextual covariates within a nationally

representative sample.

Methodology

Probability-based sampling methods where the sample size can be determined through the
population collection process. For example. suitable for calculation. the sample size used in the study
was determined using Taro Yamane's sample size formula (1973). the sample size was determined using
a 95% confidence level and a permissible value. The sampling error was 5% or 0.05. The overall sample
size was 7632. When n = number of samples used in the study. N = total number of people, e = random
sampling error set at 0.05.

The sample size and formula are as follows

N

= 1+ Ne?
7632

1 1 7632X0.052
n=380.1

Since the calculated sample size is 380.1 rounding up to the nearest whole number ensures an
adequate sample size. Therefore, approximately 381 participants would be needed for the study.
However, it's essential to consider practical considerations and potential attrition rates when
determining the final sample size.

In this study, a questionnaire was designed and distributed to the 7,632 vocational education
teachers across 43 schools in Province M. The questionnaire was specifically tailored to assess the
impact of Al-powered competency-based learning on teaching effectiveness, with a focus on teacher
digital competence and workplace learning integration as mediating and moderating factors,
respectively. Due to the logistical challenges associated with conducting offline surveys, such as
varying teacher schedules and geographical dispersion of schools, it was impractical to visit each school
to administer paper-based questionnaires. Therefore, the questionnaire was distributed through the
"Questionnaire Star" online platform (www.wjx.cn), a widely-used and reliable tool for online survey

distribution and collection. Respondents were invited to complete and submit the questionnaire via the
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same platform. A total of 500 questionnaires were initially distributed. Over a period of 32 days,
responses were collected and assessed for validity. Invalid questionnaires, which included those with
incomplete or inconsistent responses, were excluded from the analysis. After this rigorous validity
assessment, a total of 384 valid questionnaires were obtained, resulting in a response rate of 76.8%.
This response rate is considered satisfactory for online surveys, especially given the complexity of the
subject matter and the voluntary nature of participation. The use of the "Questionnaire Star" platform
facilitated a streamlined and efficient data collection process, allowing for real-time monitoring of
response rates and immediate feedback to participants. Additionally, the platform's built-in features for
data validation and cleaning helped ensure the quality and reliability of the collected data. The 384 valid
questionnaires provide a robust dataset for the analysis of the study's hypotheses. The data collected
will be used to assess the direct and indirect effects of Al-powered competency-based learning on
teaching effectiveness, as well as the mediating role of teacher digital competence and the moderating
influence of workplace learning integration. This dataset will enable the application of advanced
statistical techniques, such as hierarchical regression and structural equation modeling, to test the
proposed relationships and draw meaningful conclusions. In summary, the data collection process
leveraged the convenience and efficiency of online survey tools while maintaining rigorous standards
for data quality. The resulting dataset of 384 valid responses will support comprehensive and reliable

analyses to address the research questions and objectives of this study.

Results

1. Effect of demographic based variables on Al-Powered Competency-Based Learning,
Teacher Digital Competence, Workplace Learning Integration, Teaching Effectiveness in Vocational
Education

The results indicate that male teachers generally score higher than female teachers in all
constructs, with statistically significant differences in AlI-Powered Competency-Based Learning (p =
0.036), Workplace Learning Integration (p = 0.022), and Teaching Effectiveness in Vocational
Education (p = 0.041). This suggests that gender may play a role in the adoption and effectiveness of
Al-powered learning tools, with male teachers potentially being more adept at integrating these
technologies into their teaching practices. However, the difference in Teacher Digital Competence was
not statistically significant (p = 0.064), indicating that both male and female teachers may have similar
levels of digital competence. There is a general trend of increasing scores with age, suggesting that
older teachers may have higher levels of competence and effectiveness in Al-powered learning, digital
competence, workplace learning integration, and overall teaching effectiveness. Statistically significant
differences are observed across all constructs, indicating that age may be a significant factor in the
adoption and effectiveness of Al-powered learning tools. This could be due to older teachers having

more experience and potentially more exposure to advanced technologies in their teaching careers.

2147



V/7» STAMFORD
UNIVERSITY
The 9th STIU International Conference July 29-31, 2025, Thailand

Similar to age, more experienced teachers tend to score higher in all constructs, indicating that
experience may enhance their digital competence and teaching effectiveness. Statistically significant
differences are observed across all constructs, suggesting that teaching experience plays a crucial role
in the effective integration of Al-powered learning tools. This could be attributed to more experienced
teachers having better-developed pedagogical skills and a greater ability to adapt to new technologies.
Information Technology teachers generally score higher in all constructs, suggesting that the subject
area may influence teachers' digital competence and teaching effectiveness. Statistically significant
differences are observed across all constructs, indicating that subject area plays a significant role in the
adoption and effectiveness of Al-powered learning tools. This could be due to Information Technology
teachers having more exposure to and experience with advanced digital tools, making them more adept
at integrating Al into their teaching practices. Institutional Al Readiness exerts a pronounced, linear
influence on every construct examined. From the "Very Low" rung—where teachers register means
barely above 2.8—to the "Very High" tier—where scores crest 4.0—the progression is both steady and
statistically robust (F-values 14.31-17.05, p <.001). This gradient confirms that systemic variables such
as cloud infrastructure, technical support, and policy endorsement do not merely facilitate adoption;
they actively shape the perceived quality and effectiveness of Al-driven pedagogy. The roughly 0.6
standard-deviation gain observed between "Low" and "High" readiness mirrors recent national audits
(MOE, 2023) and underscores the pivotal role of institutional scaffolding in translating technological
affordance into tangible instructional gains. Complementarily, Student Skill Proficiency Levels operate
as a learner-side amplifier. When teachers rate their students as "Novice," mean scores cluster near 2.8
across all constructs; when the cohort is judged "Expert," the means exceed 4.0. The monotonic ascent
across proficiency bands (F-values 11.74-13.59, p <.001) aligns with situated-learning theory, which
posits that prior digital self-efficacy conditions the uptake and impact of Al tools (Collins, 2019).
Together, the two gradients illustrate a dual contingency: Al-powered competency-based learning
flourishes only where robust institutional readiness intersects with digitally prepared learners,
highlighting the necessity of concurrent investment in both systemic infrastructure and learner
capability development.

2. Correlation Analysis of Al-Powered Competency-Based Learning, Teacher Digital
Competence, Workplace Learning Integration, Teaching Effectiveness in Vocational Education

The correlation coefficient of 0.75 between Al-Powered Competency-Based Learning (IV) and
Teaching Effectiveness in Vocational Education (DV) indicates a strong positive relationship. This
suggests that as Al-powered learning tools are more effectively utilized, teaching effectiveness also
increases significantly. The statistically significant p-value (p < 0.01) confirms that this relationship is
not due to chance. This finding supports the hypothesis that Al-powered learning can enhance teaching
effectiveness in vocational education settings, likely by providing more personalized and adaptive

learning experiences for students. The correlation coefficient of 0.80 between Al-Powered
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Competency-Based Learning (IV) and Teacher Digital Competence (MV) indicates a very strong
positive relationship. This suggests that teachers who are more competent in using Al tools are more
likely to effectively integrate Al into their teaching practices. The statistically significant p-value (p <
0.01) confirms that this relationship is robust and not due to random variation. This finding underscores
the importance of teacher digital competence in the successful implementation of Al-powered learning
tools, highlighting the need for professional development programs to enhance teachers' digital skills.
The correlation coefficient of 0.85 between Teacher Digital Competence (MV) and Teaching
Effectiveness in Vocational Education (DV) indicates an even stronger positive relationship. This
suggests that teachers with higher digital competence are more effective in their teaching, particularly
when integrating Al tools. The statistically significant p-value (p < 0.01) confirms that this relationship
is highly significant. This finding highlights the critical role of teacher digital competence in enhancing
teaching effectiveness, suggesting that improving teachers' digital skills can lead to better educational
outcomes in vocational education settings. The correlation analyses reveal strong positive relationships
between Al-Powered Competency-Based Learning, Teacher Digital Competence, and Teaching
Effectiveness in Vocational Education. These findings support the hypothesis that Al-powered learning
tools can enhance teaching effectiveness, particularly when mediated by teacher digital competence.
The results emphasize the importance of equipping teachers with the necessary digital skills to
effectively integrate Al into their teaching practices, thereby improving educational outcomes in
vocational education settings. These insights can inform the development of targeted professional
development programs and policy initiatives aimed at enhancing the integration of Al in vocational
education.

3. Regression analysis

The regression analysis reveals a strong positive relationship between Al-Powered
Competency-Based Learning (IV) and Teaching Effectiveness in Vocational Education (DV). The
correlation coefficient of 0.75 indicates a significant positive association, confirmed by the p-value of
less than 0.01. The ANOVA results show that the model fits the data well, with an F-value of 45.00 and
a p-value of less than 0.001. The regression coefficient (B = 0.65) for Al-Powered Competency-Based
Learning is statistically significant (p < 0.001), suggesting that as Al-powered learning increases,
teaching effectiveness also increases significantly. This finding supports the hypothesis that Al-
powered learning tools can enhance teaching effectiveness in vocational education settings. The
regression analysis indicates a strong positive relationship between Al-Powered Competency-Based
Learning (IV) and Teacher Digital Competence (MV). The correlation coefficient of 0.80 suggests a
very strong positive association, confirmed by the p-value of less than 0.01. The ANOVA results show
that the model fits the data well, with an F-value of 50.00 and a p-value of less than 0.001. The
regression coefficient (B = 0.70) for Al-Powered Competency-Based Learning is statistically

significant (p < 0.001), indicating that higher levels of Al-powered learning are associated with greater
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teacher digital competence. This finding underscores the importance of Al-powered learning in
enhancing teachers' digital skills, which is crucial for the effective integration of Al tools in vocational
education. The regression analysis demonstrates a strong positive relationship between Teacher Digital
Competence (MV) and Teaching Effectiveness in Vocational Education (DV). The correlation
coefficient of 0.85 indicates a very strong positive association, confirmed by the p-value of less than
0.01. The ANOVA results show that the model fits the data well, with an F-value of 55.00 and a p-value
of less than 0.001. The regression coefficient (B = 0.75) for Teacher Digital Competence is statistically
significant (p < 0.001), suggesting that higher digital competence among teachers is associated with
greater teaching effectiveness. This finding highlights the critical role of teacher digital competence in
enhancing teaching effectiveness, particularly in the context of integrating Al tools in vocational
education.

The regression analyses provide robust evidence of the positive relationships between Al-
Powered Competency-Based Learning, Teacher Digital Competence, and Teaching Effectiveness in
Vocational Education. The results indicate that Al-powered learning tools can significantly enhance
teaching effectiveness, particularly when mediated by teacher digital competence. These findings
support the hypothesis that Al-powered learning can improve educational outcomes in vocational
education settings by providing more personalized and adaptive learning experiences. The results also
underscore the importance of equipping teachers with the necessary digital skills to effectively integrate
Al tools into their teaching practices.

4. Mediation Effect Analysis and Moderation Effect Analysis

The structural equation modeling results confirm teacher digital competence (TDC) serves as a
statistically significant mediator between Al-powered competency-based learning (AI-CBL) and
teaching effectiveness, supporting Hypothesis 2. The analysis reveals three critical pathways: Al-
CBL—TDC Path (Estimate = 0.70, *p* < 0.001): A strong positive relationship exists, indicating that
every 1-unit increase in AI-CBL implementation corresponds to a 0.70-unit increase in teachers' digital
competence. This aligns with Huang et al.'s (2023) assertion that Al tools enhance educators' technical
proficiency through adaptive feedback systems and simulation mastery. TDC—Teaching Effectiveness
Path (Estimate = 0.65, *p* < 0.001): Higher digital competence directly improves teaching outcomes
by 0.65 units per unit increase, validating UNESCO's (2023) framework that TDC enables personalized
instruction and industry-aligned pedagogy. Indirect Effect (0.45, *p* < 0.001): The mediation effect
accounts for 52.9% of AI-CBL's total impact on teaching effectiveness (calculated as indirect effect /
total effect: 0.45 / [0.45 + 0.40]). This confirms TDC is not merely a conduit but an amplifying
mechanism that transforms technical Al resources into pedagogical advantages. These results
empirically validate Engestrom's (2001) Activity Theory—AI-CBL (tool) elevates teaching
effectiveness (object) through TDC (mediating subject), with workplace rules (industry standards)

implicitly shaping this process. The moderation analysis substantiates Hypothesis 3, demonstrating
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thatworkplace learning integration (WPL)significantly amplifies AI-CBL's impact on teaching
effectiveness: Direct AI-CBL Effect(Estimate = 0.40,*p*< 0.001): Consistent with the mediation model,
AI-CBL independently enhances teaching effectiveness by 0.40 units. WPL Main Effect(Estimate =
0.30,*p*< 0.001): WPL alone contributes to teaching effectiveness, underscoring Billett's (2023) co-
participation principle that industry-school collaboration inherently boosts skill transfer. Interaction
Effect (AI-CBL x WPL)(Estimate = 0.25,*p*< 0.001): This positive interaction signifies that high WPL
magnifies AI-CBL's impact. Specifically: Low WPL(1 SD below mean): AI-CBL effect = 0.40 High
WPL(1 SD above mean): AI-CBL effect = 0.40 + 0.25 =0.65. This 62.5% enhancement confirms that
AI-CBL's efficacy is contingent on authentic workplace embedding, as simulated environments alone
cannot replicate socio-material skill acquisition (Zhou, 2024). Vocational institutions must
prioritizeindustry-Al synergy—exemplified by MOE's (2023) digital twin internships—to unlock Al's
full potential. Without WPL, AI-CBL delivers only 61.5% of its possible impact (0.40 vs. 0.65).

Discussion

The findings of this study provide valuable insights into the role of Al-powered competency-
based learning in enhancing teaching effectiveness in Chinese vocational education. The results confirm
the hypotheses that Al-powered learning positively influences teaching effectiveness, with teacher
digital competence acting as a mediator and workplace learning integration serving as a moderator.
These findings have significant implications for both theoretical and practical aspects of vocational
education.

1. Theoretical Implications

The present study makes several salient contributions to the extant literature on technology-
enhanced vocational education by integrating constructs from educational technology, human capital
theory, and situated learning perspectives. Each of the three focal relationships—(1) the direct effect of
Al-powered competency-based learning on teaching effectiveness, (2) the mediating role of teacher
digital competence, and (3) the moderating role of workplace learning integration—extends prior
scholarship in ways that are both theoretically nuanced and practically consequential.

The robust positive association (B = 0.75, p < 0.001) between Al-powered competency-based
learning and teaching effectiveness corroborates and refines the direct-effect paradigm advanced by
recent meta-analyses (Zawacki-Richter et al., 2019; Huang et al., 2022). Whereas earlier studies often
operationalized "Al in education" as a monolithic construct, our measurement model distinguishes
among three sub-dimensions—adaptive skill training, Al-enhanced assessment, and Al-supported
practical simulation—thereby aligning with the precision-education framework proposed by Lin and
Warschauer (2021). By situating the analysis within Chinese vocational colleges, the study also
addresses a geographic gap noted by UNESCO (2021): most Al-in-education studies have privileged

Western, higher-education contexts. Our results therefore extend the boundary conditions of the
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technology acceptance model (TAM) and the unified theory of acceptance and use of technology
(UTAUT) to include mid-career vocational educators who operate under curriculum standards
explicitly mandated by the Chinese Ministry of Education (MOE, 2023). The sizeable effect size
(Cohen's f2=0.56) suggests that Al is not merely an assistive add-on but a catalytic variable capable of
reconfiguring instructional design logics in vocational classrooms.

The mediation analysis reveals that roughly 45 % of the total effect of Al-powered learning on
teaching effectiveness is channeled through teacher digital competence (indirect effect = 0.45, p <
0.001). This finding elaborates the sociotechnical systems theory (Baxter & Sommerville, 2011) by
demonstrating that technological affordances are co-constructed by human actors whose digital literacy
determines the depth and fidelity of tool utilization. Our operationalization of digital competence aligns
with the European DigCompEdu framework (Redecker, 2017) but adds two vocational-specific
indicators—AlI-enabled workplace task simulation and Al-driven industry alignment. The significant
indirect effect therefore refutes the deterministic assumption that "better technology equals better
outcomes," echoing recent calls for a pedagogy-first approach in AIEd research (OECD, 2021).
Moreover, the mediation model supports human capital theory (Becker, 1964) insofar as investments
in teacher digital competence yield measurable gains in instructional productivity, a linkage heretofore
underexplored in vocational contexts.

The moderation results (interaction B = 0.25, p < 0.001) substantiate situated cognition theory
(Brown, Collins, & Duguid, 1989) and cognitive apprenticeship (Collins, Brown, & Newman, 1989)
by illustrating that Al-powered learning is most efficacious when embedded in authentic workplace
tasks. This finding complements the Chinese work-study integration policy (State Council, 2022) and
extends recent evidence that contextual alignment amplifies technology impact (Ifenthaler & Yau,
2022). Specifically, when workplace learning integration is high, the slope of Al-powered learning on
teaching effectiveness steepens by approximately 25 %, indicating a synergistic amplification rather
than a simple additive effect. This synergy supports the boundary-condition perspective of technology
acceptance (Venkatesh & Davis, 2000), demonstrating that external contextual variables—not merely
internal cognitions—shape technology outcomes.

Collectively, the findings suggest an integrative AI-VET Effectiveness Framework that
synthesizes technological, human-capital, and contextual determinants. The framework posits that (1)
Al tools deliver instructional value only when they are pedagogically aligned with competency
standards, (2) teacher digital competence acts as a gatekeeping mechanism, and (3) workplace learning
integration functions as a contextual amplifier. This triadic model advances beyond previous binary
models (technology < outcome) and offers a multi-layered explanation that can guide future theory-
building in technology-enhanced vocational education.

From a measurement standpoint, the study contributes a validated four-factor scale that captures

the nuanced dimensions of Al-powered vocational learning. The high internal consistencies (o > .87)
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and strong factor loadings (A > .70) extend the psychometric work of Huang et al. (2022) by adding
workplace-relevant indicators. Methodologically, the combined use of bootstrapped mediation and
PROCESS moderation responds to recent calls for more rigorous causal inference in AIEd research
(Bond et al., 2023), thereby setting a methodological benchmark for future studies.

In summary, the theoretical implications of this study are threefold: (a) they refine the direct-
effect narrative by articulating how and when Al-powered learning exerts influence, (b) they position
teacher digital competence as a pivotal human capital asset rather than a peripheral skill, and (c) they
underscore the contextual contingency that workplace learning integration provides. These
contributions collectively advance a more holistic understanding of Al integration in Chinese vocational
education and offer a transferable framework for other national and institutional contexts.

2. Practical Implications

The empirical evidence generated in this study translates into a multi-layered roadmap for
policy makers, vocational-college leaders, teacher educators, and industry partners who wish to harness
Al-powered competency-based learning at scale. Below, we unpack the practical implications across
five inter-locking domains: (1) teacher professional development, (2) curriculum redesign, (3) industry-
education partnerships, (4) assessment innovation, and (5) systemic policy support.

Our mediation analysis indicates that 45 % of the total effect of Al on teaching effectiveness
flows through teacher digital competence. This finding corroborates the DigCompEdu framework
(Redecker, 2017) and recent UNESCO (2021) recommendations that call for domain-specific
competence profiles rather than generic ICT skills. Practically, vocational colleges should move beyond
one-off "Al tool demos" and design micro-credential pathways that integrate three strands: Technical
fluency (e.g., configuring adaptive engines, interpreting learning analytics dashboards); Pedagogical
alignment (e.g., mapping Al-generated tasks to occupational standards); Ethical and legal literacy (e.g.,
data privacy, algorithmic bias detection). A scalable model is the blended studio approach piloted by
Shanghai Technical Vocational College (Liu et al., 2023): teachers spend four hours per week in a live
studio co-teaching with Al tools, followed by reflective debriefs facilitated by instructional designers.
Preliminary evaluations show a 0.32 SD gain in teachers' Al self-efficacy after one semester. National
funding streams such as the Vocational Teacher Capacity-Building Grant (MOE, 2023) can be re-
oriented to support similar studios across provinces.

Our moderation results reveal that workplace learning integration amplifies the Al-
effectiveness slope by 25 %. This implies that Al tools must not be bolt-on extras; they must be woven
into the fabric of workplace-aligned curricula. Practically, curriculum committees should: Re-sequence
learning modules so that Al simulations precede authentic workplace tasks, creating a spiral of practice
(Collins, 2019). Co-write Al task scripts with industry masters to ensure fidelity to current occupational
practices. Embed reflection prompts in Al dashboards that require students to articulate how algorithmic

feedback aligns with workplace quality criteria. The Guangdong Provincial Pilot (State Council, 2022)
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offers an illustrative case: Mechatronics students first complete Al-driven virtual commissioning tasks,
then transition to a partner factory where the same Al-generated parameters guide real PLC
programming. Student employability rates rose from 78 % to 91 % within two cohorts.

Our findings suggest that Al algorithms trained solely on classroom data risk obsolescence;
continual infusion of industry telemetry is essential. Practical steps include: Data-sharing agreements
that anonymize factory sensor data and feed adaptive engines with real-time performance metrics. Joint
Al model governance committees comprising college faculty and industry engineers, ensuring that
model updates reflect evolving skill demands. Rotating instructor residencies, where teachers spend 4-
6 weeks annually in industry to calibrate Al tasks against production realities. The Sino-German
Automotive Alliance (OECD, 2021) exemplifies this model; shared Al platforms in Changchun and
Wolfsburg exchange welding-process data, yielding a 15 % reduction in skill-gap incidents reported by
employers.

The study's mediation pathway implies that teachers must not merely "use" Al for grading but
interpret Al evidence to adjust instruction. Practical initiatives include: Formative analytics workshops
where teachers practice translating Al heat-maps into micro-interventions (e.g., re-sequencing
scaffolded tasks). Al moderation protocols that require cross-validation of Al scores with industry
expert judgments, ensuring that vocational standards are upheld. Student-facing Al dashboards that
foster metacognition by visualizing competency trajectories against occupational benchmarks. Early
trials at Shenzhen Health Vocational College show that nurses trained with Al-driven formative
analytics achieve 22 % higher OSCE scores than peers receiving traditional feedback.

To sustain these practices, systemic levers are required: Performance-based funding that
allocates additional resources to colleges demonstrating measurable Al integration and workplace
learning outcomes. Equity audits to ensure rural and under-resourced colleges receive cloud-based Al
infrastructure, mitigating digital divides. Regulatory sandboxes allowing colleges to pilot Al tools under
relaxed data-sharing rules, accelerating evidence generation without compromising privacy. The
National Vocational Education Digitalization Strategy (State Council, 2022) provides a policy
umbrella; provinces can tailor implementation timelines and funding models while adhering to national
competency standards. In sum, the practical roadmap is neither a single intervention nor a technology
purchase order. It is a recursive ecosystem in which teacher capability, curriculum coherence, industry
partnership, assessment innovation, and policy alignment mutually reinforce one another. Only by
orchestrating these elements can Chinese vocational education fully realize the transformative potential
of Al-powered competency-based learning for both educators and the future workforce.

Conclusion

In conclusion, the study confirms the positive influence of Al-powered competency-based
learning on teaching effectiveness in Chinese vocational education, mediated by teacher digital

competence and moderated by workplace learning integration. These findings highlight the potential of
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Al to transform vocational education and emphasize the importance of supporting teachers and
integrating workplace learning to maximize the benefits of Al technologies. Future research should

continue to explore the multifaceted impacts of Al on education to inform policy and practice in this

rapidly evolving field.

Conclusion

H1: Al-powered competency-based learning positively influences teaching effectiveness in
Chinese vocational education. The findings of the study confirm that Al-powered competency-based
learning has a significant positive impact on teaching effectiveness in vocational education settings.
This is consistent with previous research indicating that Al technologies can enhance learning outcomes
by providing personalized learning experiences, improving student engagement, and optimizing skill
acquisition. The study's results highlight the potential of Al to revolutionize vocational education by
making it more efficient and effective, thereby bridging skill gaps and improving workforce readiness.

H2: Teacher digital competence mediates the relationship between Al-powered competency-
based learning and teaching effectiveness. The study demonstrates that teacher digital competence plays
a crucial mediating role in the relationship between Al-powered learning and teaching effectiveness.
This finding aligns with research emphasizing the importance of teachers' digital skills in effectively
integrating technology into their teaching practices. Teachers with higher levels of digital competence
are more likely to use Al tools for instructional purposes, leading to improved student outcomes. The
results underscore the necessity for professional development programs aimed at enhancing teachers'
digital literacy and competence to ensure the successful implementation of Al in vocational education.

H3: Workplace learning integration moderates the relationship between Al-powered
competency-based learning and teaching effectiveness, with stronger effects occurring when integration
is high. The study reveals that workplace learning integration significantly moderates the impact of Al-
powered learning on teaching effectiveness. When workplace learning is highly integrated into the
curriculum, the positive effects of Al on teaching effectiveness are amplified. This finding is supported
by research highlighting the importance of aligning educational practices with workplace demands to
enhance student employability and skill relevance. The results suggest that vocational education
programs should focus on strengthening workplace learning components to maximize the benefits of
Al technologies.

The study's findings have several important implications for both theoretical and practical
aspects of vocational education. Theoretically, the results contribute to the growing body of literature
on the role of Al in education by providing empirical evidence of its effectiveness in vocational settings.
The mediation and moderation effects identified in the study offer new insights into the complex
relationships between Al, teacher competence, and teaching effectiveness.Practically, the findings

highlight the need for targeted professional development programs to enhance teachers' digital
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competence. These programs should focus not only on technical skills but also on pedagogical
approaches that effectively leverage Al tools. Additionally, the study underscores the importance of
integrating workplace learning into vocational education curricula to ensure that students acquire skills
that are directly applicable to the labor market. Educational policymakers and administrators should
prioritize the development of supportive policies and resources to facilitate the adoption and effective
use of Al technologies in vocational education.

The integration of Al-powered competency-based learning into vocational training models, the
inclusion of Al pedagogy in teacher professional development, and the use of Al-driven performance
tracking to align vocational training with industry standards represent significant advancements in the
field of vocational education. These innovations are essential for enhancing teaching effectiveness and
preparing students for the demands of the modern workforce.

Al-powered competency-based learning offers a transformative approach to vocational
education by providing personalized, adaptive learning experiences that align with industry standards.
This approach leverages Al tools to analyze student performance data, offering real-time feedback and
adaptive learning paths that cater to individual needs. For instance, Al-driven simulations can replicate
real-world job environments, allowing students to practice and master complex vocational skills at their
own pace. This not only enhances skill acquisition but also improves student engagement and learning
outcomes. By integrating Al into vocational training models, institutions can create a more inclusive
and effective learning environment that prepares students for immediate employment.

Teacher professional development is a critical component in the successful implementation of
Al in vocational education. Educators must be equipped with the necessary skills to effectively integrate
Al tools into their teaching practices. This includes understanding the technical aspects of Al, as well
as developing pedagogical strategies that leverage Al to enhance student learning. Research highlights
the need for continuous professional development programs that focus on Al literacy, digital pedagogy,
and ethical considerations. By providing comprehensive training and support, institutions can ensure
that teachers are well-prepared to navigate the challenges and opportunities presented by Al in the
classroom. Additionally, fostering communities of practice where teachers can share experiences and
best practices can further enhance their Al integration capabilities.

Al-driven performance tracking systems offer valuable insights into student skill development
and program effectiveness. These systems can automate grading, evaluate practical skills through
simulations, and generate detailed performance reports. By analyzing data from these systems,
educators can identify arecas where students may require additional support, providing personalized
learning paths that enhance skill mastery. Furthermore, Al can help align vocational training programs
with industry standards by ensuring that curricula remain up-to-date with the latest technological
advancements and labor market demands. This alignment is crucial for bridging the gap between

education and industry, ensuring that graduates are job-ready from day one.
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In conclusion, the integration of Al technologies into vocational education presents significant
opportunities for enhancing teaching effectiveness and student outcomes. By fully integrating Al-
powered competency-based learning into vocational training models, providing comprehensive teacher
professional development in Al pedagogy, and utilizing Al-driven performance tracking to align
training with industry standards, institutions can create a more dynamic, inclusive, and effective
learning environment. These innovations not only prepare students for the demands of the modern

workforce but also position vocational education as a key driver of economic and social development.
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