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1.Introduction and relevance of the topic

The topic is situated within the contemporary scientific debate on the digital transformation of
education, Al-supported learning environments, and the need to evaluate e-learning platforms for
Project-Based Learning.

Key concepts and their definitions: Al (Artificial Intelligence) — adaptive learning support; PBL
(Project-Based Learning) — student-centred learning approach; E-learning platforms — digital
learning ecosystems.

Social, institutional, and economic relevance: The study demonstrates social, institutional, and
economic relevance by supporting the development of 21st-century skills, including critical thinking,
collaboration, and learner autonomy. It also contributes to teacher professional development, promotes
educational innovation and digital competence, and supports technology integration in primary
education.

The study connects sociology of education and digital inequality, integrates perspectives from
psychology, pedagogy, economics, and policy studies, and links education policy, Al and EdTech,
and school organisations.

In this context, Al-supported learning environments are increasingly seen as key mediators of digital

inequality and innovation in schools.




2.Theoretical Background.

State of the Art and Main Theoretical Approaches.

E-learning platforms have evolved into interactive learning ecosystems integrating content creation,
collaboration, assessment, reflection, and analytics.

PBL is defined as a method that fosters critical thinking, creativity, collaboration, autonomy, and problem-
solving.

PBL is aligned with Deeper Learning principles such as relevance, autonomy, collaboration, and reflection.
E-learning platforms support PBL by enabling students to collect and visualize information, collaborate,
plan, implement projects, and present results.

Combining PBL with digital tools enhances knowledge acquisition, practical skills, and student
autonomy.

Challenges include variability in platform design, lack of curriculum integration, and the need for teacher

digital competencies.



2.Theoretical Background.

Relevant Explanatory Models.

Project-Based Learning model — interpreted broadly to include project-based, problem-based,
research-based, and activity-based learning.

Deeper Learning framework — emphasizes content integration, relevance, autonomy, collaboration, and
reflection.

Technology-enhanced learning ecosystems — platforms as multi-component digital environments
supporting collaboration, assessment, communication, and analytics.

Constructivism and connectivism — theoretical foundations framing PBL as active, networked, and

technology-mediated learning.



2.Theoretical Background.

Referenced authors.

Project-Based Learning: Thomas (2000); Condliffe (2017); Barrett (2005); Bell (2023).

Deeper Learning: McTighe & Silver (2020); Darling-Hammond & Oakes (2021); Darling-Hammond et al.
(2022).

PBL Effectiveness: Kokotsaki et al. (2016); Amini et al. (2019); Fauzi et al. (2023).

Skills in PBL: Effiyanti et al. (2016); Hasni et al. (2016); Carrabba & Farmer (2018); Baser et al. (2017);
Anazifa & Djukri (2017).

E-learning & Digital Pedagogy: Meng et al. (2023); Archambault et al. (2022); Yukawa et al. (2009); Alfaro
et al. (2019); Nedyalkova et al. (2007); Cheng et al. (2011); Daineko et al. (2019).

Al & Technology in Education: Holmes et al. (2023); Yadav (2025); Gupta et al. (2024); OECD (2023).
Other: UNESCO (2023); Voogt & Roblin (2022); Kim & Reeves (2023); Salinas et al. (2024); Rodriguez et
al. (2023); Zhao & Gao (2024).



3.Research questions
and objectives

RQ1. What pedagogical-technological criteria define an e-learning
platform’s compatibility with Project-Based Learning in primary
education?

RQ2. How do currently used e-learning platforms in Lithuania align with
these PBL-oriented criteria?

RQ3. Which platforms are considered most suitable for supporting PBL

according to primary-level teacher-experts?




3.Research questions
and objectives

Identify evidence-based pedagogical and technological criteria
relevant for PBL implementation in primary education.

Evaluate selected e-learning platforms using these criteria through
expert assessment.

Compare platforms to determine which best support PBL phases and
teacher needs.

Formulate expert-informed recommendations for improving platform

design and pedagogical functionality.




4.Methodology

Research design: Mixed-methods Delphi study.

Instruments: Expert-validated evaluation tool with 11 PBL-aligned categories
and 42 criteria.

Sampling & scope: 22 primary-level teacher-experts with experience in PBL
and digital pedagogy.

Data analysis: Descriptive statistics + qualitative content analysis + expert
consensus validation.

Ethical protocols: Informed consent, anonymity, KU Ethics Committee

approval.




5.Main findings

1) Eight platforms were analysed using the validated PBL-oriented evaluation instrument: LearnLab,
SMART Lumio, Moodle, Google Classroom, Classtime, Vedliai, Opiq, ATutor.

2) LearnLab and SMART Lumio demonstrated the strongest alignment with PBL logic. They integrate
collaboration, reflection, interactive content creation, and analytics-based features.

3) Content-delivery platforms (e.g., Moodle, Opiq) showed limited adaptability. They require more manual
structuring from teachers and lack integrated scaffolding for PBL.

4) The evaluation instrument (11 categories, 42 criteria) enabled systematic comparison of platforms. It
covered problem formulation, activity design, adaptability, content creation, collaboration,
communication, and analytics.

5) Teachers valued platforms combining pedagogical and technological intelligence, especially: real-time
feedback, flexible content creation, curriculum alignment, and integrated analytics.

6) Experts recommended further development of adaptive, curriculum-aligned, and Al-supported features
to better support student autonomy and formative assessment.




PBL-Oriented
Evaluation Instrument

Platform Criteria Category

Key Criteria (Condensed)

. Problem Formulation
. Activity Design and Planning

. Adaptability and Differentiation
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. Content Creation and Presentation

. Integration and Data Management

. Collaboration and Group Work

. Communication Tools

. Monitoring and Analytics

. Assessment and Feedback

10. PBL Community and Ecosystem

11. Usability, Accessibility, and Compliance
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1.1 Problem Design—Ability to define and structure project problem statements.

2.1 Instructional Design—Tools for lesson planning and design of learning activities.

3.1 Adaptability—Flexibility across subjects, age groups, and contexts; 3.2 Differentiation—Support for adaptive and
individualized learning tasks.

4.1-4.8 Content Development—Tools for authoring, multimedia integration, curriculum alignment, competency
mapping, scaffolding, and presentation.

5.1-5.3 Integration—Compatibility with external tools and support for content/ data portability.

6.1-6.3 Collaboration—Real-time teamwork, group management, and resource sharing.

7. Communication—Built-in chat, forums, and video functions for teacher-student interaction.

8.1-8.3 Analytics—Individual and group progress tracking; integrated learning analytics.

9.1-9.8 Assessment—Rubrics, competency-based, subject-specific, summative, formative, peer, and self-assessment tools.

10.1-10.3 Support—Access to teacher resources, professional communities, and career linkages.
11.1-11.9 Usability—Interface quality, training, accessibility, scalability, affordability, privacy, and secure access.

Developed and validated through a multi-stage Delphi process with 22 primary-level

teacher-experts.

Includes 11 categories and 42 criteria aligned with PBL phases.

Covers problem formulation, activity design, adaptability, content creation, curriculum and
competency alignment, collaboration, communication, and analytics.

Used to systematically evaluate eight e-learning platforms in Lithuanian primary education.
Provides a transferable framework for teachers, researchers, and EdTech developers.




6.Critical Discussion

* Main findings reveal that platforms with interactive, adaptive, and analytics-based features best support PBL. This
indicated a shift toward technologically intelligent — and potentially Al-enhanced — learning ecosystems in
Lithuanian primary education.

* These findings also highlight emerging digital inequalities: schools with access to advanced platforms can
implement richer PBL experiences, while those relying on basic content-delivery tools face structural
disadvantages.

* Results align with constructivism and connectivism principles: platforms that enable students collaboration,
reflection, and knowledge co-creation match the theoretical expectations of PBL and technology-enhanced
learning. Content-delivery platforms diverge from this framework.

» Effective PBL platforms support cross-subject integration, real-world problem-solving, and student autonomy.
Their technological intelligence opens pathways for future Al-supported learning across disciplines, strengthening
both pedagogical and digital competencies.



7.Conclusions

1. The study identifies clear pedagogical-technological criteria for evaluating
e-learning platforms in PBL contexts and shows that platforms with interactive,
adaptive, and analytics-based features best support PBL — laying groundwork for
Al-enhanced, PBL-oriented learning ecosystems in primary education.

2. Strengths include expert-validated criteria, a multi-stage Delphi design, and rich
mixed-method insights. Limitations involve the focus on platforms widely used
basically in Lithuania and limited direct integration of Al features in current platforms.

3. Future work should explore Al-driven scaffolding, automated feedback,
curriculum-aligned content generation, and adaptive learning pathways to strengthen
PBL implementation in Lithuanian primary schools.
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