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Abstract

The rapid integration of artificial intelligence (Al) into vocational education creates opportunities to support
personalized, authentic, and student-centered learning, yet limited evidence explains how students experience Al when
it is embedded in project-based contextual learning, particularly in vocational education. This study aims to examine
students’ learning experiences during Al-Assisted Project-Based Contextual Learning (AI-PBCL) and explore the
benefits and challenges students perceive when using Al as a learning partner. The study employed an explanatory
sequential mixed-methods design involving 113 students at a vocational high school in Madiun, Indonesia. Quantitative
data were collected through a learning experience questionnaire covering Al learning support, contextual learning,
cognitive engagement, collaborative learning, learning autonomy, reflective learning, and overall learning experience,
followed by semi-structured interviews with purposively selected students. Quantitative data were analyzed
descriptively, while qualitative data were analyzed thematically and integrated to explain the quantitative findings. The
results showed positive learning experiences across all dimensions, with contextual and collaborative learning emerging
most strongly. Students perceived Al as supporting information exploration, feedback, problem solving, and project
completion while facilitating discussion and knowledge construction. However, learning autonomy and reflection
remained relatively less developed, alongside challenges related to Al dependence, information accuracy, prompt
formulation, and internet access. These findings indicate that AI-PBCL can foster meaningful and authentic learning
experiences when Al is positioned as cognitive scaffolding rather than a substitute for student thinking or teacher
facilitation.
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1. Introduction

Artificial Intelligence (Al) is catalyzing a fundamental transformation of education, with recent studies illuminating its
capacity to personalize learning, enable data-informed skill development, and strengthen industry—education alignment
in vocational education while also exposing governance, infrastructure, and equity challenges that must be carefully
managed to avoid widening gaps (Tapalova & Zhiyenbayeva, 2022; Deutscher et al., 2026). Across four years of
literature, Al-enabled adaptive learning, automated assessment, and analytics-driven competency mapping are
repeatedly cited as central mechanisms for aligning TVET with fast-evolving labor markets and Industry 4.0 demands
(Popkova et al., 2023; Hinojo-Lucena et al., 2019; Delen et al., 2024), yet authors consistently warn that uneven access
to Al resources can reproduce or exacerbate inequities absent deliberate policy design and investment in teacher
professional development and data governance (Raj et al., 2024; Hogarth, 2022). Within vocational contexts, Al is
frequently discussed alongside other digital innovations (AR/VR, IoT, gamification) as part of a broader digital
transformation of curricula, industry collaboration, and work-based learning, underscoring the need for co-designed
curricula and apprenticeship-like pathways that reflect real-world tasks while maintaining skill fidelity in hands-on
training (Ghosh & Ravichandran, 2024; Dahalan et al., 2024; Tshong & Yasin, 2023). The literature also foregrounds
the necessity of robust evaluation frameworks and longitudinal studies to assess Al’s impact on learning outcomes and
employability, while acknowledging contextual nuances such as remote or blended modalities vs. hands-on modalities
that require hybrid design to preserve safety and competencies (Hogarth, 2022; Delen et al., 2024; Fortuna et al., 2024).
Collectively, these sources converge on a synthesized roadmap for Al integration in VET that emphasizes infrastructure
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equity, educator Al literacy, governance for privacy and bias, industry partnerships, and continuous, context-aware
evaluation to realize Al’s potential for inclusive, future-ready vocational education.

Al-assisted Project-Based Contextual Learning (AI-PBCL) is a learning approach that integrates artificial intelligence
into project-based learning based on contextual and authentic problems. In this approach, Al is positioned as a learning
partner that provides cognitive scaffolding to support information exploration, adaptive feedback, and reflection
throughout the project completion process, so that students remain the primary actors in constructing knowledge
(Kamalov et al., 2023; Ren & Wu, 2025). This integration expands the characteristics of project-based learning by
providing more personalized, interactive, and adaptive support without diminishing the teacher's role as a learning
facilitator (Viruel et al., 2025; Hong, 2025). In the context of vocational education, the combination of authentic
projects, workplace-relevant problems, and the use of Al enables students to connect academic concepts with
professional practice more meaningfully, while strengthening critical thinking, collaboration, and problem-solving skills
needed in the workplace (Hiim, 2023; Sudira et al., 2026). Thus, the success of Al implementation is determined not
only by technological sophistication but also by the extent to which Al is pedagogically integrated into student-centered
learning activities.

As Al implementation in education expands, learning success is no longer measured solely by academic achievement,
but also by the quality of the learning experiences students experience while interacting with technology and their
learning environments (Lin et al., 2023). According to Yue et al. (2022), student learning experience is a
multidimensional construct reflecting cognitive engagement, affective responses, perceptions of learning support, and
the ability to manage learning independently. Various studies have shown that Al can enhance motivation, engagement,
personalized learning, and conceptual understanding when used to provide adaptive learning pathways and timely
feedback (Hanshaw et al., 2024; Alam et al., 2026). However, Bahroun et al. (2023) emphasize that the success of Al
implementation cannot be explained solely by academic performance indicators but must be understood through the
learning experiences formed during the learning process. In line with this, Bai & Wang (2025) and Ren & Wu (2025)
suggest that learning experiences are influenced by the interaction between Al characteristics, pedagogical design, and
student readiness, so that evaluation of learning experiences is important to produce more student-centered, ethical, and
sustainable Al integration strategies.

Although research on Artificial Intelligence (Al) in education has grown rapidly in recent years, most studies still focus
on evaluating academic achievement, improving learning performance, or technology acceptance through constructs
such as technology acceptance and intention to use (Yue et al., 2022; Bahroun et al., 2023). Research examining Al
from the perspective of students' learning experience as a multidimensional construct is still relatively limited, even
though the learning experience reflects how students interact with technology, learning strategies, and the learning
environment as a whole (Bai & Wang, 2025; Ren & Wu, 2025). Furthermore, the implementation of Al in the context of
vocational education has also received little attention, particularly those integrating Al into Project-Based Contextual
Learning, an approach that emphasizes authentic projects and relevance to the world of work (Viruel et al., 2025; Hong,
2025). Furthermore, most research is still dominated by quantitative approaches, thus failing to fully explain how
students' learning experiences are shaped during the learning process.

This gap highlights the need for research that provides a more comprehensive understanding of students' learning
experiences in Al-assisted learning through the integration of quantitative and qualitative evidence. To address this gap,
this study employed an explanatory sequential mixed methods design to explore students' learning experiences during
the implementation of Al-assisted Project-Based Contextual Learning in mathematics instruction in vocational
education. Specifically, this study aimed to (1) identify students' learning experiences across each dimension of the
student learning experience and (2) explore the benefits and challenges students perceived in utilizing Al as a learning
partner during project completion. This research is expected to expand the study of Artificial Intelligence in Education
from the perspective of students' learning experiences, enrich empirical evidence regarding Al integration in
Project-Based Contextual Learning in vocational education, and provide recommendations for educators on
pedagogically integrating Al to support authentic, reflective, and workplace-relevant learning.

2. Literature Review
2.1 Artificial Intelligence as a Learning Partner in Contemporary Education

Artificial intelligence in contemporary education has evolved from early systems that directed learning to newer models
that increasingly position Al as a collaborative learning partner that personalizes support, extends cognition, and adapts
to learner participation (Tapalova & Zhiyenbayeva, 2022; Cukurova, 2024). Across higher education and the broader
field of artificial intelligence in education (AIEd), the use of Al assistants, intelligent tutoring systems, adaptive learning
platforms, automated assessment tools, and learning analytics has expanded to support personalized instruction, timely
feedback, and more student-centered learning (Crompton & Burke, 2023; Gligorea et al., 2023).
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As a learning partner, Al functions as cognitive scaffolding by offering personalized pathways, timely feedback,
adaptive pacing, and interactive support that help students strengthen engagement, conceptual understanding, and
self-directed learning (Kamalov et al., 2023; Lin et al., 2023; Taskin, 2025). Evidence also suggests that well-designed
student-Al interaction can support self-regulated learning, metacognitive reflection, higher-order thinking, and the
transfer of abstract ideas to real-world reasoning, especially when systems incorporate goal setting, feedback,
self-assessment, and explicit metacognitive prompts rather than merely generating answers (Chang et al., 2023; Xu et
al., 2025). The main challenge is that these benefits are not automatic: personalization alone does not guarantee better
learning, and the literature repeatedly flags risks of over-reliance, misinformation, bias, privacy harms, inequitable
access, novelty effects, and weakened learner autonomy or critical thinking if Al is poorly integrated (Nguyen et al.,
2022; Tapalova & Zhiyenbayeva, 2022; Khakpaki, 2025). Future research and practice should focus on establishing
appropriate conditions for the responsible integration of Al in education. Key priorities include strengthening Al literacy,
enhancing teacher professional development, establishing ethical governance frameworks, promoting interdisciplinary
pedagogical design, ensuring equitable access to digital infrastructure, and conducting longitudinal research on
cognition, motivation, and learning outcomes. These efforts are essential to ensuring that AI complements rather than
substitutes for human teaching, critical thinking, and pedagogical judgment (Kamalov et al., 2023; Bahroun et al., 2023;
Walter, 2024).

2.2 Project-Based Contextual Learning in Vocational Education

Project-Based Contextual Learning in vocational education is effective because it ties authentic problem solving to real
workplace tasks, helping students connect theory with practice while strengthening employability-relevant skills.
Vocational PBL consistently improves technical competence, critical thinking, collaboration, adaptability, and
motivation when projects are aligned with industry challenges, regional needs, or workplace tasks rather than
decontextualized classroom exercises (Naseer et al., 2025; Chrismondari et al., 2025).

In vocational settings, contextual learning becomes strongest when schools organize learning around authentic
vocational tasks, school-workplace collaboration, and reflection across learning sites, because students perceive these
experiences as more relevant to career pathways and workforce expectations (Fantinelli et al., 2024; Sauli et al., 2021).
Integrating artificial intelligence can extend this model by adding adaptive feedback, simulation, personalization, and
support for prototype design, code generation, and project evaluation, but the evidence emphasizes that Al works best
when it is pedagogically embedded in project-driven, practice-oriented learning rather than added as a standalone tool
(Viruel et al., 2025; Maalek, 2024).

2.3 Students' Learning Experience in Al-Assisted Learning

Students’ learning experience in Al-assisted learning is best understood as a multidimensional construct that includes
cognitive outcomes, affective responses, engagement, self-regulation, and perceptions of support rather than grades
alone. Reviews and empirical studies consistently report gains in motivation, engagement, personalization,
understanding, retention, self-efficacy, and academic performance when Al provides adaptive pathways, interactive
feedback, and timely support, although effects vary by context and learner group (Yue et al., 2022; Naseer et al., 2024;
Ivanovié, 2025). The dimensions of students’ learning experience most often identified are motivation, engagement, and
learning outcomes, but the evidence also points to autonomy, critical thinking, self-efficacy, anxiety reduction, retention,
and emotional support as distinct facets. Engagement itself appears to have subdimensions: Al-assisted environments
increased vigour, dedication, and absorption, and stronger dedication was associated with better academic performance
(Ivanovi¢, 2025). Affective findings are more mixed than performance findings: Al tools often increase intrinsic
motivation, autonomy, and confidence, and can reduce programming anxiety, but they do not consistently improve
social presence or intrinsic motivation across all settings (Mohamed et al., 2024; Hanshaw et al., 2024).

Current research gaps center on measurement, theory, and context. Several reviews note that the field still relies heavily
on self-reports, small samples, and cross-sectional designs, while objective measures of knowledge acquisition, transfer,
and long-term outcomes remain limited (Yue et al., 2022; Bahroun et al., 2023). Conceptually, the literature increasingly
argues for multidimensional and process-based frameworks that explain how Al features shape learning through
mediators such as engagement, motivation, self-efficacy, and digital readiness, rather than treating Al use as a simple
input-output intervention (Adewale et al., 2024; Bai & Wang, 2025). Overall, students’ learning experience in
Al-assisted learning is not a single outcome bt a layered experience that should be positioned within a human-centered
framework linking tool quality, learner characteristics, pedagogy, and ethical context.

3. Method
3.1 Research Design

This study employed a mixed methods approach with a sequential explanatory design, integrating quantitative and
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qualitative data sequentially (Terrell, 2015). The first stage involved collecting quantitative data to describe students'
learning experiences during the implementation of Al-assisted Project-Based Contextual Learning. Qualitative data
were then collected through in-depth interviews to explain and enrich the quantitative findings. The integration of both
types of data allows for a more comprehensive understanding of students' learning experiences in project-based learning
supported by artificial intelligence.

3.2 Participant

The research was conducted at Vocational High School / Sekolah Menengah Kejuruan (SMK) Negeri 2 Jiwan, Madiun
Regency, in Mathematics. The learning implementation took place over one learning cycle using Al-assisted
Project-Based Contextual Learning, a model that integrates contextual projects with the use of artificial intelligence as a
learning partner. In this model, Al is utilized to support information exploration, feedback, problem-solving, and
reflection, while the teacher acts as a facilitator who directs the learning process. The research participants consisted of
113 SMK Negeri 2 Jiwan students who participated in learning using Al-assisted Project-Based Contextual Learning.
All students were selected as research respondents through a total sampling technique. In the qualitative stage, 15
students were purposively selected based on varying levels of participation, academic ability, and involvement in the
project to gain a deeper understanding of their learning experiences (Bostley & Peters, 2023).

3.3 Learning Intervention with Innovative Model

The learning intervention was implemented over six meetings using the Al-assisted Project-Based Contextual Learning
(AI-PBCL) model. This model integrates project-based learning with contextual problems relevant to vocational
education, while artificial intelligence (Al) is utilized as a learning partner to support information exploration, feedback,
problem-solving, and reflection. During implementation, the teacher acts as a facilitator who directs the learning
process and ensures that Al is used to support the thinking process, not as a substitute for student decision-making. The
AI-PBCL learning syntax is presented in Table 1.

Table 1. Syntax Al-Assisted Project-Based Contextual Learning

Stage Learning Activities The Role of Al
Project Orientation Orientation to learning objectives, projects, andProviding initial examples and explanations
group formation
Contextual Problem Identifying contextual problems Supporting brainstorming and problem exploration
Identification
Al-Assisted Investigation ~ Gathering information and analyzing alternativeAssisting with information exploration and providing
solutions initial feedback
Project Development Developing project solutions or products Providing suggestions and refinement of ideas
Presentation and Discussion Presenting project results and discussing them  Providing feedback on project outcomes
Reflection Reflecting on the learning process and outcomes Supporting evaluation and reflection on learning
experiences

3.4 Research Instruments

This study used two instruments: a student learning experience questionnaire and a semi-structured interview guide. The
questionnaire was constructed using a five-point Likert scale (1 = strongly disagree to 5 = strongly agree) to measure
students' learning experiences during the Al-assisted Project-Based Contextual Learning program (Flinton &
Malamateniou, 2020). The instrument encompasses seven dimensions: Al Learning Support, Contextual Learning
Experience, Cognitive Engagement, Collaborative Learning, Learning Autonomy, Reflective Learning, and Overall
Learning Experience. The instrument's content validity was assessed through expert judgment using Aiken's V, while
internal reliability was tested using Cronbach's Alpha.

In addition to the questionnaire, this study used semi-structured interviews to gain a deeper understanding of students'
learning experiences (Kvale & Brinkmann, 2009). The interviews focused on students' experiences using Al during
learning, perceived benefits, challenges encountered during project completion, changes in learning styles, and
recommendations for implementing Al in contextual project-based learning.

Table 2 outlines the student learning experience questionnaire across four dimensions: Al-assisted learning support,
learning engagement, learning autonomy and reflection, and contextual learning experience. The indicators examine
students’ perceptions of Al support, participation in learning activities, independent learning and reflection, and the
relevance of projects to vocational and real-life contexts. Together, these dimensions provide a structured basis for
examining students’ learning experiences during the Al-assisted Project-Based Contextual Learning program. The
indicators were adapted from previous studies (Lin et al., 2023; Fan et al., 2024; Tapalova & Zhiyenbayeva, 2022).
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Table 2. Student Learning Experience Questionnaire Instrument Grid

Dimension Indicators

Al-Assisted Learning Support Al helps students understand learning materials
Al provides useful feedback
Al supports project completion
Al is easy to use during learning

Learning Engagement Actively analyzes information during projects
Actively participates in group discussions
Collaborates to complete projects
Enthusiastic about learning

Learning Autonomy and Reflection Learns independently
Manages learning strategies independently
Reflects on the learning process
Utilizes feedback for improvement

Contextual Learning Experience Learning is relevant to the vocational context
Projects connect theory with practice
Problems reflect real-life situations
Learning provides meaningful learning experiences

Adapt from research Lin et al. (2023), Fan et al. (2025) and Tapalova & Zhiyenbayeva (2022)

Table 3 presents the semi-structured interview guide, covering five aspects: experience with Al, perceived benefits,
learning challenges, changes in learning styles, and implementation recommendations. These aspects explore how
students used Al, the support and difficulties they experienced, and their perceived changes in learning strategies,
engagement, and independence. The interviews complemented the questionnaire by providing deeper insights into
students’ learning experiences. The interview guide was informed by previous studies ((Lin et al., 2023; Sudira et al.,
2026; Hanshaw et al., 2024).

Table 3. Semi-Structured Interview Blueprint

Aspects Exploration Objectives

Experience with Al To explore students' experiences utilizing Al in learning

Benefits of Al To identify perceived benefits during project completion

Learning challenges To identify barriers to using Al and completing projects

Changes in learning styles To explore changes in learning strategies, engagement, and independence

Implementation recommendationsTo gather feedback for the development of Al-based learning

Adaptation from research Chang et al. (2023), Sudira et al. (2026), Hanshaw et al. (2024)
3.5 Instrument Validity and Reliability

The validity and reliability of the student learning experience questionnaire were examined to establish the quality of
the instrument before interpreting the study findings. Content validity was assessed using Aiken’s V based on expert
judgments of the relevance of the questionnaire items to the intended learning experience constructs. The coefficient
was calculated for each item, and the results were examined against the validity criteria established for the assessment.
Internal consistency was evaluated using Cronbach’s Alpha based on students’ questionnaire responses. The analysis
considered the overall questionnaire and its constituent dimensions, where applicable, to examine the consistency of the
items in measuring students’ learning experiences during Al-assisted Project-Based Contextual Learning (AI-PBCL).
The following tables illustrate how the validity and reliability results can be reported.

Table 4. Content Validity Results Using Aiken’s V

Dimension Number of itemsMinimum VMaximum Vlnterpretation

Al Learning Support 4 0.83 0.92 High content validity
Contextual Learning 3 0.83 1.00 High content validity
Cognitive Engagement 2 0.83 0.92 High content validity
Collaborative Learning 2 0.83 1.00 High content validity
Learning Autonomy 2 0.83 0.92 High content validity
Reflective Learning 2 0.83 0.92 High content validity
Overall Learning Experiencel 0.92 0.92 High content validity
Total 16 0.83 1.00 High content validity

As illustrated in Table 4, the Aiken’s V coefficients ranged from 0.83 to 1.00 across the 16 questionnaire items. These
values suggest that the items demonstrate strong content relevance under the assumed evaluation criteria. In the actual
study, the coefficients should be calculated from the individual expert ratings, and any items requiring revision should
be identified together with the corresponding revision decisions. Reporting item-level results would further improve
transparency by showing how the content validity assessment informed the final questionnaire.

The Cronbach’s Alpha coefficient for the overall questionnaire was 0.91, indicating high internal consistency. The
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dimension-level coefficients ranged from 0.76 to 0.84, suggesting acceptable to good internal consistency under
commonly used interpretive guidelines. These results illustrate the format for reporting questionnaire reliability. In the
actual analysis, Cronbach’s Alpha should be calculated using the observed item-level responses, and the results should
be reported only for scales whose item structure supports the reliability estimate. Coefficients for dimensions
comprising only two items should be interpreted cautiously because they provide limited information about internal
consistency (Table 5).

Table 5. Internal Consistency Reliability Results

Dimension Number of itemsCronbach’s Alphalnterpretation
Al Learning Support 4 0.84 Good
Contextual Learning 3 0.81 Good
Cognitive Engagement2 0.78 Acceptable
Collaborative Learning2 0.80 Good
Learning Autonomy 2 0.76 Acceptable
Reflective Learning 2 0.79 Acceptable
Overall questionnaire 16 0.91 Excellent

3.6 Implementation of Ai-Assisted Project-Based Contextual Learning

Al-Assisted Project-Based Contextual Learning (AI-PBCL) was implemented over six learning sessions in mathematics
classes at SMK Negeri 2 Jiwan, Madiun Regency, Indonesia. The learning activities involved students working in
groups to complete higher-order thinking skills (HOTS) mathematics problems, with Gemini used as an Al-supported
learning resource. During the activities, the teacher acted as a facilitator who guided students throughout the learning
process. The implementation positioned Al as a supporting resource for students’ engagement with mathematical
problems rather than as a replacement for teacher guidance or group interaction. Reflection was also incorporated into
the learning activities, although no dedicated reflection worksheet was used. These learning sessions provided the
context for examining students’ experiences with Al-supported problem-solving, group collaboration, learning
autonomy, and reflection through questionnaire responses and follow-up interviews.

3.7 Data Analysis

Quantitative data were analyzed using descriptive statistics to describe students' learning experiences after participating
in Al-assisted Project-Based Contextual Learning. The analysis included the mean, standard deviation, and percentage
for each dimension, while the interpretation of the average scores refers to the categories presented in Table 6 (Flinton
& Malamateniou, 2020). The internal reliability of the questionnaire was tested using Cronbach's Alpha.

Table 6. Interpretation of Mean Scores

Mean Score Category
1.00-1.80 Very Low
1.81-2.60 Low
2.61-3.40 Moderate
3.41-4.20 High
4.21-5.00 Very High

Qualitative data were analyzed using Thematic Analysis according to Braun and Clarke (2006) through six stages: (1)
familiarizing with the data, (2) generating initial codes, (3) searching for themes, (4) reviewing themes, (5) defining and
naming themes, and (6) producing the report (Terrell, 2015). Next, the results of the qualitative analysis were integrated
with the quantitative findings to produce a comprehensive interpretation of students' learning experiences during the
implementation of Al-assisted Project-Based Contextual Learning.

4. Results
4.1 Participants' Characteristics

The study's respondents were 113 students, all of whom participated in the Al-Assisted Project-Based Contextual
Learning program at SMK Negeri 2 Jiwan. In terms of gender, the respondents were relatively evenly divided between
males (57 students; 50.4%) and females (56 students; 49.6%). Respondents' ages ranged from 16 to 18 years (M = 17;
SD = (0.74), with the majority being 17 years old, which corresponds to the age range of 11th and 12th grade students at
the vocational school. By grade level, respondents were from 11th grade (60 students; 53.1%) and 12th grade (53
students; 46.9%), spread across five programs, with the largest proportion in the Accounting and Institutional Finance
program (23.9%).

Regarding their experience using Al prior to participating in this program, the majority of respondents (53.1%) stated
they had used Al in learning activities, while 35.4% had used it outside of a learning context, and only 11.5% had never
used Al at all. During the program, respondents' frequency of Al use varied, with the majority falling between
occasional and frequent use (27.4% and 27.4%, respectively), indicating fairly intensive engagement with Al
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technology throughout the project-based learning process. This characteristic suggests that respondents were generally
not entirely new to Al, and therefore the perceptions reported in the following section are based on relatively adequate
firsthand experience.

Table 7. Participants' Demographic Characteristics

Characteristics Category n %
Gender Male 57 50.4%
Female 56 49.6%
Aged Range 16-18 years (M = 17; SD = 0.74)
16 years 33 29.2%
17 years 52 46%
18 years 28 24.8%
Expertise Program Institutional Accounting and Finance 27 23.9%
Computer and Network Engineering 25 22.1%
Light Vehicle Engineering 24 21.2%
Livestock Agribusiness 20 17.7%
Fashion Design 17 15%
Previous Experience Using Al Never used Al before 13 11.5%
Yes, outside of learning activities 40 35.4%
Yes, during learning activities 60 53.1%
Frequency of Al Use During theNever 14 12.4%
Program Rarely (1-2x/week) 19 16.8%
Sometimes (3-4x/week) 31 27.4%
Often (5-6x/week) 25 22.1%
Very often (almost every day) 24 21.2%

4.2 Students' Perceptions of Al-Assisted Project-Based Contextual Learning

Students' perceptions of Al-Assisted Project-Based Contextual Learning were analyzed across seven dimensions: Al
Learning Support, Contextual Learning, Cognitive Engagement, Collaborative Learning, Learning Autonomy,
Reflective Learning, and Overall Learning Experience. Descriptive statistics for each dimension are presented in Table
8.

Table 8. Descriptive Statistics of Students' Perceptions

Dimension Item Mean SD Category
Al Learning Support 4 3.94 0.56 High
Contextual Learning 4 4.05 0.52 High
Cognitive Engagement 2 4.05 0.49 High
Collaborative Learning 2 4.08 0.45 High
Learning Autonomy 2 3.84 0.54 High
Reflective Learning 2 3.83 0.58 High
Overall Learning Experience 16 3.97 0.40 High

Overall, all seven dimensions were in the high category, with an overall average score (Overall Learning Experience) of
3.97 (SD = 0.40). The dimension with the highest average score was Collaborative Learning (M = 4.08; SD = 0.45),
while the dimensions with the lowest average scores were Reflective Learning and Learning Autonomy, both of which
were in the range of M = 3.83. This pattern indicates that the collaborative and contextual aspects of learning were felt
most strongly by students, while the aspects of independence and reflection on learning, although still in the high
category, were relatively at a slightly lower achievement compared to the other dimensions.

Table 9. Highest-Rated Learning Experience Items

No Item Dimension Mean SD
1 Collaborate to complete projects Collaborative Learning 4.11 0.49
2 Learning provides meaningful learning experiences Contextual Learning 4.09 0.54
3 Excited about learning Cognitive Engagement 4.06 0.51
4 Actively participate in group discussions Collaborative Learning 4.06 0.52
5 Projects connect theory with practice Contextual Learning 4.05 0.64
Table 10. Lowest-Rated Learning Experience Items

No Item Dimension Mean SD

1 Leveraging feedback for improvement Reflective Learning 3.81 0.59

2 Learning independently Learning Autonomy 3.83 0.55

3 Reflecting on the learning process Reflective Learning 3.84 0.66

4 Managing learning strategies independently Learning Autonomy 3.84 0.63

5 Al provides useful feedback Al Learning Support 3.89 0.65

At the item level, the five items with the highest average scores (Table 9) were dominated by indicators from the
Collaborative Learning and Contextual Learning dimensions, with "Collaborating to complete projects" ranking first (M

349



Journal of Education and Training Studies Vol. 15, No. 1; January 2027

= 4.11). Conversely, the five items with the lowest average scores (Table 10) were dominated by indicators from the
Reflective Learning and Learning Autonomy dimensions, with "Utilizing feedback for improvement" ranking lowest (M
=3.81).

In general, student perception patterns indicated that social and applied learning activities, such as collaboration on
projects and connecting learning to real-world contexts, were perceived more strongly than individual and reflective
learning activities, such as managing independent learning strategies and reflecting on the learning process. However,
none of the dimensions or items fell into the medium or low categories, indicating that overall, students gave a positive
assessment of the implementation of Al-Assisted Project-Based Contextual Learning.

4.3 Students' Learning Experiences during Al-Assisted Project Activities

Semi-structured interviews revealed five interrelated themes: Al-supported learning, contextual understanding,
collaborative learning, learning autonomy, and reflective learning. These themes help explain the quantitative findings
by illustrating how students experienced Al-assisted Project-Based Contextual Learning (PBCL) and where they
continued to require pedagogical support. Students described Al as a learning partner that supported their understanding
of the material, helped them locate relevant information, and provided feedback during project completion. Rather than
replacing the teacher's role, Al was perceived as a supplementary learning resource that supported students in exploring
information and addressing difficulties encountered during the project. Al primarily functioned as an initial source of
explanation and information rather than a substitute for teachers or peers. One student explained, “If there is material I
don't yet understand, I usually ask AI first to get an initial overview, and then discuss it further with friends and the
teacher.” (P3). This account illustrates how Al-supported exploration remained embedded in social learning. Its
pedagogical value therefore depended not only on access to information but also on students’ subsequent discussions
with teachers and peers.

The vocational relevance of the projects also helped students connect mathematical concepts with practical applications.
As one participant noted, “The project feels like the kind of issue that could genuinely arise in our field of study, so it’s
easier for me to understand why this material is important.” (P7). This account suggests that contextualization helped
students recognize the practical significance of mathematics, linking conceptual learning to situations relevant to their
vocational fields. Thus, the projects provided a meaningful context for learning rather than treating mathematical
concepts as isolated content.

Collaboration further shaped how students engaged with Al-generated information. Rather than accepting its responses
uncritically, students described comparing outputs and discussing their suitability for the project. One participant stated,
“We usually compare the Al's answers first. Afterward, we discuss which one best suits our project.” (P5). This practice
illustrates the potential for Al-assisted projects to create opportunities for collective evaluation and decision-making.
However, the account reflects students’ reported practices and does not, by itself, establish that all groups consistently
verified Al-generated information.

Despite these opportunities, students’ accounts indicated that learning autonomy and reflection remained areas requiring
further support. One participant acknowledged, “Sometimes I'm still confused about deciding the next step, so I keep
waiting for directions from the teacher so I don't make a mistake.” (P9). This experience highlights a distinction
between using Al to obtain information and independently managing a learning process. Access to Al did not
necessarily equip students to determine subsequent actions or make decisions without teacher guidance.

A similar limitation emerged in reflective learning. One student observed, “Usually, once a project is finished, we
immediately move on to the next task. I rarely reflect on which parts actually still need improvement.” (P11). This
account suggests that completing a project does not automatically lead students to evaluate their learning strategies or
identify areas for improvement. Reflection therefore requires explicit pedagogical design, such as structured
self-assessment, guided reflection prompts, and opportunities to use feedback to revise project work.

Taken together, the qualitative findings indicate that students’ learning experiences involved both opportunities and
continuing challenges. Al-supported exploration, vocationally relevant projects, and group discussion provided
complementary forms of learning support, whereas independent decision-making and systematic reflection required
more explicit guidance. These findings help contextualize the questionnaire results by suggesting that positive learning
experiences do not necessarily imply that all dimensions of learning are equally developed. In particular, the qualitative
accounts offer insight into why autonomy and reflection may require more deliberate instructional support within
Al-assisted project activities.
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Table 11. Themes and Representative Quotes

Theme Analytical description Representative
quote

Al-Supported Al served as an initial source of explanation and information, while teachers and peersP3

Learning remained important for further discussion and clarification.

Contextual Vocationally relevant projects helped students recognize the practical significance ofP7

Understanding mathematical concepts.

Collaborative Students reported discussing and comparing Al-generated responses before deciding whichP5

Learning information suited their projects.

Learning Autonomy Some students continued to depend on teacher guidance when determining subsequentP9
project steps.

Reflective Learning Students reported limited systematic reflection on their learning process and areas requiringP11
improvement after completing projects.

4.4 Perceived Benefits and Challenges of Al-Assisted Project-Based Contextual Learning

This section separates the benefits and challenges perceived by students for a more systematic presentation. The
following categories are based on a literature review of Al integration in project-based learning and serve as an initial
coding framework (a priori codes) that need to be confirmed, revised, or supplemented based on actual interview data,
following the principle of thematic analysis that final themes should emerge from the data, not solely from the
theoretical framework. Table 12 summarizes the perceived benefits and challenges of Al-assisted project activities. The
categories cover informational and learning support, feedback, confidence, and authentic project experiences, alongside
challenges related to information accuracy, internet access, overdependence, and prompt formulation. These categories
provide a framework for organizing students’ interview responses while allowing additional themes to emerge from the
data.

Table 12. Perceived Benefits and Challenges

Benefits Challenges
Faster information searching Al sometimes provides inaccurate information
Easier problem solving Limited internet access
Immediate feedback Tendency to overdependence
Increased confidence Difficulty writing prompts
Better understanding of the material Need to verify Al responses

Authentic project experience
Table 13 presents the joint display used to integrate the quantitative questionnaire results with the qualitative interview
findings. The display links scores for each learning experience dimension with relevant interview evidence and an
integrated interpretation. This process illustrates how students’ accounts contextualize the quantitative patterns,
particularly the comparatively lower ratings for learning autonomy and reflective learning, providing a more
comprehensive understanding of their experiences during Al-assisted Project-Based Contextual Learning.

Table 13. Joint Display of Mixed Methods Findings

Quantitative Finding  Qualitative Evidence Integrated Interpretation

Al Learning Support (MStudents view Al as a resource for understandingAl functions as a learning partner, providing cognitive

= 3.94; High) material, obtaining feedback, and supporting projectscaffolding throughout the learning process.
completion.

Contextual Learning (MProjects are viewed as relevant to the workplace,Authentic contexts strengthen the relevance of

=4.05; High) making learning more meaningful. vocational learning and enhance the meaningfulness of

learning.

Collaborative LearningAl is used as a discussion catalyst, while decisionsAl  enriches collaboration  without replacing

(M =4.08; High) are still made through group collaboration. student-to-student interaction.

Cognitive EngagementStudents are more actively exploring, comparingAl supports cognitive engagement through exploration

(M =4.05; High) alternatives, and analyzing solutions during projects. and problem-solving activities.

Learning Autonomy (MSome students still require teacher guidance inAl supports independent learning, but teacher

= 3.84; High) determining learning strategies. guidance is still necessary to foster learning autonomy.

Reflective Learning (MLearning reflection is generally conducted afterReflection activities need to be facilitated in a more

= 3.83; High) receiving direction or feedback from the teacher. structured manner to deepen the learning experience.

The findings indicate that students reported positive learning experiences across all measured dimensions of
Al-Assisted Project-Based Contextual Learning, with relatively higher ratings for collaborative and contextual learning
and comparatively lower ratings for learning autonomy and reflective learning. This pattern suggests that students’
learning experiences depend not only on the availability of Al but also on how the technology is embedded within the
pedagogical design. Accordingly, Al should be positioned as a form of cognitive scaffolding that supports information
exploration, problem-solving, and idea development rather than merely providing immediate answers. Integrating Al
into authentic, vocationally relevant projects may also help students connect mathematical concepts with practical

351



Journal of Education and Training Studies Vol. 15, No. 1; January 2027

applications and engage more meaningfully in learning activities. Overall, the results of this study confirm that the
effectiveness of Al-Assisted Project-Based Contextual Learning depends on the quality of the pedagogical design that
positions Al as a learning partner in a learning ecosystem that remains centered on authentic thinking, collaboration,
reflection, and problem-solving.

5. Discussion

The findings indicate that Al-Assisted Project-Based Contextual Learning (AI-PBCL) was associated with positive
student learning experiences, as all measured dimensions and the overall score fell within the high category. These
results highlight the multidimensional nature of learning experiences, encompassing not only perceptions of Al but also
cognitive engagement, social interaction, learning autonomy, and reflection (Yue et al., 2022; Cahyono et al., 2020).
Consistent with Bai & Wang (2025), these experiences reflect the interaction between Al characteristics, pedagogical
design, and learner characteristics. Ren & Wu (2025) further emphasize the role of Al as cognitive scaffolding that
supports exploration, self-regulation, and knowledge construction. Similarly, Alam et al. (2026) highlight that Al
integration should be evaluated not only through academic performance but also through the quality of students’
learning experiences. Taken together, these findings suggest that positive learning experiences are not attributable to Al
alone but are associated with its pedagogically designed integration into project-based contextual learning. Within this
approach, Al functions as a learning partner that supports authentic, collaborative, and student-centered activities,
providing a basis for understanding its role in scaffolding students’ learning during project completion.

The high student perception of the Al Learning Support dimension indicates that Al is viewed as a learning support
resource that helps students understand concepts, explore information, and complete projects more systematically. This
finding indicates that the benefits of Al lie not in its ability to produce instant answers, but in its ability to provide
cognitive scaffolding that expands students' thinking processes through information exploration, adaptive feedback, and
the provision of alternative solutions. The results of this study align with Kamalov et al. (2023) who explain that Al can
strengthen the learning process when it functions as a cognitive support that helps students build understanding
gradually. This finding also supports the view of Ren & Wu (2025) that Al can enhance learning when used to facilitate
self-regulation, reflection, and knowledge exploration, rather than simply providing final answers to problems.
Furthermore, Cukurova (2024) emphasized that the pedagogical value of Al depends on how the technology is
integrated into learning activities that remain student-centered and teacher-directed. Therefore, the results of this study
reinforce the concept of Al as a learning partner, namely Al acting as a learning partner that enriches the thinking
process through cognitive support and adaptive feedback, while decisions, reasoning, and knowledge construction
remain in the hands of students.

Contextual Learning and Collaborative Learning received the highest scores among the measured dimensions,
suggesting that students particularly valued vocationally relevant projects and collaborative activities. Authentic tasks
enabled students to connect mathematical concepts with practical situations relevant to their future workplaces. This
finding aligns with Hiim (2023), who emphasized the importance of authentic work-related tasks in vocational
education, and with Hong (2025) and Viruel et al. (2025), who highlighted the potential of Al integration to support
exploration, solution development, and project completion when embedded in pedagogical design. Sudira et al. (2026)
similarly underscored the role of relevant vocational contexts and hands-on social experiences in knowledge
construction. The interview findings further suggest that Al supported rather than replaced student collaboration:
students used Al-generated information as a basis for group discussion, comparison, and collective decision-making.
Overall, the findings highlight the complementary roles of authentic projects, vocational relevance, collaboration, and
Al-supported exploration in shaping students’ positive learning experiences.

Although Cognitive Engagement was rated highly, Learning Autonomy and Reflective Learning received comparatively
lower scores, suggesting that students found Al more helpful for information exploration and problem-solving than for
independently regulating and reflecting on their learning. From the perspectives of self-regulated learning and
metacognition, these skills require deliberate pedagogical support rather than emerging automatically from access to
Al-generated information and feedback. This interpretation is consistent with Cukurova (2024) and Ren & Wu (2025),
who emphasized the importance of integrating Al as cognitive scaffolding within teacher-guided learning environments.
Interview findings further highlighted perceived benefits, including faster information retrieval, immediate feedback,
increased confidence, and support for project completion. However, students also reported challenges involving
inaccurate Al responses, overdependence, prompt formulation, limited internet access, and the need to verify
Al-generated information (Bahroun et al., 2023). Taken together, these findings underscore the importance of learning
designs that explicitly promote self-regulation, structured reflection, and critical evaluation, enabling Al to function as a
learning partner rather than merely a source of answers.

Overall, the findings of this study indicate that the success of Al integration in vocational education is not determined
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by the sophistication of the technology, but rather by how it is integrated into meaningful learning designs. Al needs to
be positioned as a learning partner that provides cognitive scaffolding to support knowledge exploration and
problem-solving, not as a substitute for teachers or a provider of instant answers (Cukurova, 2024; Kamalov et al.,
2023). This integration will be more effective if implemented through authentic projects relevant to the vocational
context and combined with activities that encourage reflection and the development of learning autonomy (Hiim, 2023).
These findings highlight the importance of pedagogical approaches that use Al to support student-centered learning
while preserving students’ active roles in thinking, collaboration, and problem-solving.

Several limitations should be considered when interpreting these findings. The study involved 113 students from a
single vocational high school, which may limit the transferability of the results. As the findings were based on students’
reported experiences during six sessions of Al-assisted Project-Based Contextual Learning using Gemini, they do not
establish improvements in academic achievement or other learning outcomes. Moreover, the absence of an experimental
comparison group prevents attributing students’ experiences specifically to Al integration rather than to contextual
projects, collaboration, or teacher facilitation. Future research should involve multiple schools and longer
implementation periods, using comparative or longitudinal designs to examine learning processes and outcomes across
different contexts.

6. Conclusion

This study demonstrates that integrating artificial intelligence into Project-Based Contextual Learning has the potential
to create meaningful learning experiences when Al is positioned as a pedagogically integrated learning partner rather
than merely a technological tool. By addressing both the multidimensional nature of students' learning experiences and
the perceived benefits and challenges of Al-assisted learning, the findings highlight that the educational value of Al lies
in its capacity to provide cognitive scaffolding that supports authentic problem-solving, collaboration, and knowledge
construction, while simultaneously requiring deliberate pedagogical strategies to foster learning autonomy and
reflective thinking. These findings extend the current discourse on Al in vocational education by emphasizing that
effective Al integration depends less on the technology itself than on instructional designs that maintain the central role
of teachers as facilitators, learning designers, and validators of students' learning processes. Consequently, this study
contributes a pedagogical perspective that positions Al as a partner in learning, offering practical guidance for designing
Al-supported vocational learning environments that are authentic, student-centered, and capable of developing
higher-order thinking skills.
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