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Overview

The Ireland’s Knowledge Centre for Climate, Carbon, and Community
Action (IKC3) consortium is spearheaded by Munster Technological
University, in collaboration with Trinity College Dublin and University
College Dublin, and funded under the Human Capital Initiative (HCI)
through Ireland’s Higher Education Authority (HEA). The consortium's goal
is to establish a national platform for sustainability education, involving an
extensive network of local, regional, and European partners, including the
European Institute of Innovation and Technology Climate-KIC, Sustainable
Innovations Spain, European Higher Education Institutions (HEIs),
enterprises, enterprise clusters, local governments, and civic and social
innovators. The transition to a sustainable, circular, and low-carbon
economy, responsive to the climate emergency, is both a national and
global imperative. To this end, IKC3 is dedicated to developing a model for
innovation in sustainability education through digitised learning pathways,
stackable micro-credentials, collaborative learning environments, deep
demonstrations, and climate leadership programs.

Introduction

The past decade has witnessed an exponential rise in virtual and hybrid
learning, driven by advancements in modern technologies and the
collaboration of education providers to facilitate lifelong learning and skill
acquisition. As educators and institutions increasingly adopt these new
modes of teaching and learning, it is crucial to implement best practice
pedagogies that ensure effective and engaging online education
experiences. This report delves into key design principles that have proven
successful in online and hybrid education, examining emerging trends, the
role of artificial intelligence, and innovative forms of learning, facilitation,
and assessment. Implementing these best practices is vital for creating
engaging, effective, and inclusive learning environments. By designing
interactive and personalised learning experiences, fostering meaningful
discussions, cultivating a sense of community, and providing continuous
assessment and feedback, educators can ensure the success and
satisfaction of online learners. As online education continues to evolve, it is
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essential to continually adapt and refine pedagogical approaches to meet
the diverse needs of students in the digital age.

Digital Learning Platforms

In the rapidly evolving landscape of higher education, leveraging
technology to enhance learning experiences has become essential. Digital
learning tools and Learning Management Systems (LMS) facilitate effective
teaching and learning through innovative features, accessibility, and
engagement. The national network of HEIs across Ireland can be observed
using five of the best know learning management systems. Additionally,
the further education sector via 16 educational and training boards (ETBs)
have rolled out the Olive LMS nationally.
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Moodle is an open-source LMS widely used in higher education
institutions around the globe. Its flexibility and customisability make it an
attractive option for diverse learning environments. Educators can tailor
the platform to meet specific course needs, incorporating various activities
such as forums, quizzes, and assignments. One of Moodle's strengths is its
strong community support and extensive library of plugins, which allows
for the addition of features such as gamification, social learning, and
competency-based education. Additionally, Moodle's emphasis on mobile
responsiveness ensures that students can access course materials and
participate in discussions on-the-go. The platform also prioritises security
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and privacy, making it suitable for institutions that handle sensitive
student data.

Canvas, developed by Instructure, is a popular LMS known for its user-
friendly interface and robust features. One of its most significant
advantages is its cloud-based architecture, allowing for seamless access
from various devices. Canvas supports a wide range of multimedia
content, including videos, quizzes, and discussion forums, which
encourages interactive learning. The platform also integrates with
numerous third-party applications, such as Google Drive and Zoom,
enhancing its functionality. With its analytics dashboard, educators can
track student performance in real-time, identifying those who may need
additional support. Furthermore, Canvas promotes collaborative learning
through its group work features, enabling students to engage in projects
together. Its mobile app also ensures that learning can continue outside
the classroom, making it a versatile choice for modern educational
institutions. (Used in MTU)

Brightspace Known for its user-friendly interface, Brightspace offers a
range of tools for course management, including customizable learning
paths, interactive assessments, and collaborative features that promote
student engagement. Its analytics dashboard provides educators with
valuable insights into student performance and engagement, allowing for
data-driven instructional adjustments. Additionally, Brightspace supports
various multimedia formats, enabling educators to create dynamic and
accessible content. (Used in UCD)

Blackboard is a long-established player in the LMS market, known for its
comprehensive suite of tools designed for higher education. It provides a
robust platform for course management, content delivery, and
assessment. One of Blackboard's standout features is its integrated
assessment tools, which allow educators to create diverse types of
assessments, from quizzes to complex assignments. The platform also
emphasises collaboration through its discussion boards, group projects,
and real-time virtual classrooms. Blackboard's analytics capabilities help
instructors monitor student engagement and performance, enabling
data-driven decision-making. Furthermore, its mobile app ensures that
students can stay connected and engaged, regardless of their location.
(Used in TCD)

Google Classroom has gained significant traction in higher education due
to its simplicity and seamless integration with other Google tools such as
Docs, Sheets, and Drive. This LMS allows educators to create and manage
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classes efficiently, distributing assignments and providing timely feedback.
Its intuitive design makes it easy for both instructors and students to
navigate. One of the key advantages of Google Classroom is its
collaborative features, enabling students to work together on projects in
real-time using Google Docs or Slides. This fosters a sense of teamwork
and enhances the learning experience. Additionally, the platform's
integration with Google Meet allows for easy scheduling of virtual classes,
making it particularly useful in hybrid or fully online learning
environments. The IKC3 project uses three of these internationally
recognised LMS to deliver lifelong learning programmes across the
partner universities. Additionally for certain commmunity-based
programmes and continuous professional development courses, delivery is
made available via Google Classroom and Google Suite of integrations.

Critical Perspectives from Literature on effective Online Teaching

Teaching in an online environment differs significantly from traditional
classroom settings, necessitating a re-evaluation of pedagogical methods
and tools. Through a review of established practices and emerging trends,
this section highlights critical perspectives on online education from the
literature, focusing on strategies that have been tried, tested, and proven
effective.

Personalised and Adaptive Learning - Online education offers unique
opportunities to create highly personalised learning experiences tailored
to individual students' needs. This approach supports the customisation of
learning based on each student's strengths, needs, skills, and interests. Key
practices include:

» Learning Analytics: Leveraging Software as a Service (SaaS) and data
analytics to monitor student progress, identify areas for
improvement, celebrate successes, and provide personalized
learning pathways, feedback, and tailored recommendations.

» Adaptive & Responsive Learning Platforms: Implementing adaptive
learning technologies that adjust content and activities based on
individual learner performance and needs.

» |ndividualised Supports & Services: Offering one-on-one support
through virtual office hours, discussion forums, Al (Artificial
Intelligence) chat functions, or group chat platforms to address
learner queries and concerns.
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Designing Engaging and Interactive Learning Experiences - To promote
active learning and foster student engagement, online educators can
employ a variety of strategies and tools that encourage interaction:

= Multimedia Integration: Incorporating multimedia elements such as
interactive simulations, virtual reality, video, and audio clips, and
immersive virtual labs to enhance understanding and engagement.

=  Gamification: Utilising games as motivational tools, where learners
engage in challenges, earn badges, points, and rewards, and
participate in leaderboards and online communities, fostering a
competitive and collaborative learning environment.

= Collaborative Learning: Encouraging group work to enhance
learning through problem-solving, task completion, and the
exploration of new concepts. This approach leverages group
projects, peer-to-peer interactions, and discussions via online
platforms to foster collaboration and knowledge sharing.

Facilitation of Effective Online Discussions - Facilitating meaningful
online discussions is crucial for enhancing critical thinking,
communication, and collaborative skills. Best practices include:

» Clear Guidelines: Establishing clear expectations, guidelines, and
rubrics for online discussions to ensure focused, meaningful, and
constructive participation.

» fqcilitation Techniques: Posing open-ended questions and problem-
based learning (PBL) challenges to encourage diverse responses and
perspectives. Summarizing key points to stimulate further
discussion, requiring additional research or the sourcing of reading
materials.

=  Active Moderation: Moderating discussion boards to ensure
respectful and inclusive participation while providing guidance and
feedback to learners.

Creating a Sense of Community and Social Engagement - Building a
supportive and connected online learning community is crucial for
student engagement and success. Strategies include:

= [cebreaker Activities: Essential at the beginning of a course or
program to help learners get to know each other and establish social
connections.
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» Social Media Integration: Utilising existing social media platforms or
dedicated online discussion boards to foster informal interactions,
where organic support systems can emerge and promote
community building.

» |nstructor Presence: Ensuring that learners feel the presence and
support of an instructor or facilitator throughout their learning
journey. Regular communication through announcements, video
messages, and personalised feedback is vital for demonstrating
educational support.

Continuous Assessment and Feedback - To replicate and even enhance
the interaction that occurs in in-person classrooms, it is essential to
provide timely feedback and a wide range of assessment opportunities.
Effective practices include:

» Constructive Feedback: Providing detailed feedback on
assignments, assessments, discussions, and projects to guide
student learning and support incremental improvement.

» |nteractive Activities: Regularly incorporating interactive activities,
self-assessments, self-reflections, and quizzes to provide instant
feedback and monitor student understanding.

= Peer Assessment: Encouraging peer assessment and feedback
opportunities to enhance critical thinking, self-reflection, and
collaboration.

Pedagogical Tools in Online and Hybrid Education

Pedagogical tools are essential components in both online and hybrid
education, significantly enhancing the overall learning experience while
also improving educational outcomes. These tools offer a myriad of
benefits that cater to the diverse needs of students, making the
educational process more effective and engaging. In addition to boosting
engagement, pedagogical tools also improve information retention. Visual
aids, simulations, and interactive platforms help students better
comprehend complex concepts. Platforms that facilitate group
discussions, shared projects, and peer feedback contribute to a supportive
learning community where students can learn from one another,
exchange ideas, and develop essential interpersonal sKkills.
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Tools such as simulations and case studies allow learners to apply what
they have learned in a practical context, bridging the gap between theory
and practice. This experiential learning approach not only deepens
students' understanding but also equips them with the skills necessary for
future challenges in their respective fields. The integration of pedagogical
tools in online and hybrid education significantly enhances the learning
experience by fostering engagement, improving retention,
accommodating diverse learning styles, encouraging collaboration, and
providing real-world applications. By leveraging these tools effectively,
educators can create a dynamic and enriching educational environment
that not only meets the needs of students but also prepares them for
success in an increasingly complex world[1].

Pedagogical Tools in Action at IKC3
Entrepreneurship as a Pedagogical Tool for Sustainability Education

Entrepreneurial education aims to develop the knowledge, skills, attitudes,
and mindset required to start, manage, and grow a business or social
enterprise. This approach fosters job creation, economic growth, and a
creative and innovative society. At its core, entrepreneurial education
seeks to enhance transversal skKills, including critical thinking, problem-
solving, creativity, curiosity, communication, and teamwork. These skills
are essential in a rapidly changing world where flexibility and agility are
key to survival and success|2]. Entrepreneurial education helps learners
develop a strong work ethic, leadership skills, and the confidence needed
to take risks. Pedagogical approaches such as design thinking, design
jams, hackathons, systems innovation challenges, simulations, and access
to mentoring are critical to delivering effective climate and sustainability-
focused education programs, contributing to the transition to a carbon-
zero society[3].

EXAMPLE - Sustainable Entrepreneurship using Design Thinking at IKC3

Design thinking is a valuable pedagogical tool adopted as a methodology
that first became known in industry settings as a pathway to creative
products, service, and user-focused design. It provides a framework for
tackling real-world issues, making the learning experience more relevant,
impactful, and dynamic. The process is iterative encouraging empathy
with users, defining problems, ideating, prototyping of solutions and
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testing outcomes to validate concepts|[4]. IKC3 has endeavored to
incorporate elements of the design thinking methodology across micro-
credentials to support teamwork, group projects and to serve as an
enabler to quickly and effectively sourcing solutions to problems or
launching sustainability initiatives.

Challenge-Based Learning as a Pedagogical Tool for Sustainability
Education

Challenge-Based Learning (CBL) offers unique experiential learning
opportunities by engaging learners in specific challenges that inspire
active participation and produce impactful outcomes. CBL can be an
exciting approach for both students and educators, with the potential to
create highly influential initiatives and foster strong community
engagement. However, it can be challenging to manage and may produce
unpredictable outcomes if not carefully designed|[5]. Educators must
ensure that challenges are designed with two clear objectives: 1) allowing
learners freedom to be as creative as possible in their approach and 2)
ensuring that outcomes can be fairly assessed and graded through clear
parameters.

EXAMPLE — Challenge Based Learning and Circular Economy Education

CBL is used during teaching in the Circular Economy Certificate at MTU,
where students are provided with case studies (developed by the lecturer),
which requires students to read the case studies, then apply circular
economy theory and frameworks into practice in the case study
organisation, in turn allowing students to take on the role of a manager in
the case study company. This CBL approach to circular economy
education allows students to draw on key circular economy research and
apply it to real-life challenges in leading international companies in the
circular economy sector. During the class, the lecturer facilitates the
discussion, develops questions, points students in the direction of helpful
resources, questions circular economy approaches to encourage a holistic-
thinking approach and ensure learning outcomes are met. Students then
discuss their responses in smaller groups to gain peer feedback and
debate their approach to the challenges, then as an entire class students
can share their perspectives, gain lecturer and wider peer feedback, then
further iterate and reflect on their response to the circular economy
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challenge. As the circular economy is a rapidly evolving concept, there is
often no one right answer to the questions asked, in turn CBL allows
students to reflect and work through the challenge and develop a
practical circular economy strategy for the case study organisation, which
draws on cutting-edge theory and frameworks. Guest speakers also
complement these case studies when available and provide insights from
a first-hand perspective on the topic of circular economy development in
their own organisation, which helps to bring the challenge to life and up to
date, based on the topics they share during the guest lecture, students
also have the opportunity to directly ask questions of the speaker, to
further enhance learning.

Podcasts as a Pedagogical Tool for Sustainability Education

Podcasts are increasingly being used in educational settings due to their
flexibility and accessibility. They offer significant pedagogical advantages,
including the ability to deliver content anytime, anywhere, allowing
learners to multitask. Podcasts can provide both core curriculum content
and supplemental material in an informal way, enhancing knowledge and
creating a nuanced, deep learning experience[6]. Narrative-style podcasts
can increase engagement, foster critical thinking, and provide an inclusive,
shared learning experience. Additionally, podcasts offer learners
opportunities to develop communication skills, record interviews or field
trips, and engage in assessment tasks that can be graded and supported
by student reflections. As recording equipment becomes more affordable
and accessible, the use of podcasts in educational settings is likely to
continue growing.

EXAMPLE — BIOBITES Podcast Series at IKC3

The IKC3 team, in collaboration with the Circular Bioeconomy Research
Group at MTU, have created the BIOBITES podcast series as a learning
resource for course participants and wider audiences. The series creates
on-demand accessible audio resources providing background detail,
information and interview with researchers and industry leaders covering
complex areas such as carbon accounting, just transition, zero carbon
farming, food waste prevention, biobased materials, and circular design
skills. Podcasting has also been used to significant effect in the
summarising of government and policy reports to assist learners to
deduce the elements that are most applicable to their sectors, workplaces,
and communities. Through interviews with experts, discussions on current
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trends, and case studies, the BIOBITES Circular Bioeconomy Podcast series
is inspiring individuals, researchers and organisations to adopt more
sustainable practices and contribute to the transition towards a circular
bioeconomy.

These podcasts can serve as a hub for networking and collaboration within
the circular bioeconomy community. By featuring thought leaders,
entrepreneurs, and researchers in the field, podcasts can facilitate
connections and partnerships that drive innovation and growth. Listeners
can gain valuable insights, learn from others' experiences, and find
opportunities for collaboration and knowledge sharing. Ultimately,
podcasts play a crucial role in fostering a vibrant and interconnected
community of lifelong learners dedicated to advancing the principles of
circular bioeconomy.

This exploration of design principles and pedagogical tools for online and
hybrid sustainability education underscores the importance of adopting
innovative, flexible, and inclusive approaches to teaching and learning. As
the landscape of education evolves, it is essential to remain adaptable and
responsive to the diverse needs of learners, ensuring that education for
sustainability is accessible, effective and impactful.

-

Artificial Intelligence in Online and Hybrid Education: Opportunities
and Challenges

The integration of artificial intelligence (Al) into online and hybrid
education is an inevitable and transformative trend. Over the past few
years, a new wave of Al tools, known as "Generative Al," has emerged.
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These tools can create text, imagery, computer programs, and a myriad of
other content, promising to significantly alter educational practices,
pedagogies, and modes of assessment. While these tools offer immense
potential, they also present challenges that educators and society must
address[7].

The Rise of Al Its Influence and Impact on Pedagogy

Generative Al technologies are rapidly evolving, and their full impact on
education is still unknown. However, we do know that these tools are
opening new possibilities while also raising serious concerns about
academic integrity, bias, ethics, and accessibility. Before educators rush to
either embrace or reject Al in the classroom, it is crucial to gain a deeper
understanding that informs decisions about if, when, and how to
incorporate these technologies into courses. Educators and students
should actively explore and experiment with relevant generative Al
platforms, such as ChatGPT, Bard, or DALL-E 2, to better understand their
potential. It is essential for educators to be open to learning about both the
benefits and pitfalls of Al, especially as it becomes increasingly integrated
into various aspects of education. Al technology is advancing rapidly, and
while no one is yet an expert, staying informed and setting parameters
that preserve integrity and fairness is vital. Simultaneously, it is important
to promote and preserve human creativity[8]. Embracing Al can help
educators remain current with technological advancements and better
prepare learners for the future.

Artificial Intelligence (Al) and Its Potential Impact on Sustainability

Al has the potential to revolutionise sustainability efforts across both
business and society. In the context of sustainability, Al can help
businesses optimise operations by identifying inefficiencies, reducing
waste, and minimizing environmental impact. By leveraging Al-powered
analytics and predictive modeling, companies can make data-driven
decisions that lead to more sustainable practices and resource
management. Moreover, Al can drive innovation and spur the
development of new sustainable technologies and solutions[9]. By
harnessing Al for research and development, businesses can accelerate
the creation of breakthrough technologies that address pressing societal
sustainability challenges.
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Al in Education: Positive Impacts and Potential Pitfalls

1. Data Analytics:

+ Positive Impact: Al's ability to analyse vast quantities of educational
data provides valuable insights for educators. This capability enables
the identification of areas for improvement, supports targeted
interventions to enhance student engagement, and facilitates the
implementation of student support services.

— Potential Pitfall: Al systems are trained on existing data, which may
contain inherent biases, anomalies, and inaccuracies. Consequently,
Al-generated content may perpetuate stereotypes and lack the
diversity needed for a more nuanced and inclusive perspective.

2. Al as a Content Creator:

+ Positive Impact: Al can assist in developing educational content,
thereby reducing the time educators spend on content creation and
allowing them to focus more on facilitation and quality instruction.
Al can enhance content across various formats, including video,
articles, text, audio, visuals, and VR (Virtual Reality) materials.

— Potential Pitfall: The use of Al across industries, including education,
raises ethical concerns related to privacy, consent, and data security.
Increased accountability and transparency are needed in how Al
algorithms are deployed to ensure unbiased decision-making in
education. Handling student data requires heightened responsibility
to protect privacy.

3. Enhancement of Creativity:

+ Positive Impact: Al can generate original content, support idea
generation, and inspire creative thinking by offering novel
suggestions and alternative perspectives. This can guide learners in
developing their creative skills and potential.

— Potential Pitfall: Al cannot replace authentic human interaction,
which is essential for emotional and social development. Human-to-
human interaction provides collaborative learning opportunities and
helps develop transversal and interpersonal skills, which are crucial
for successful learning outcomes.
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4. Personalised Learning Engine:

+ Positive Impact: Generative Al can create highly personalised
educational materials tailored to students' learning styles and needs.
It can also generate exercises, quizzes, prompts, and activities that
support self-directed and self-paced learning.

— Potential Pitfall: As Al automates routine tasks, the global job
market is shifting, creating new types of jobs while displacing others.
The jobs of the future will require a mix of technical skills, creativity,
and adaptability to effectively leverage both automation and Al.

5. Language and Dialogue:

+ Positive Impact: Generative Al assists in language learning by
generating conversational dialogues that simulate real-life
discussions. It provides feedback on pronunciation, tailored
exercises, and practice drills to improve language sKills.

— Potential Pitfall: An over-reliance on Al and associated technologies
in education can create a dependency on technology. Technical
issues or unequal access to Al tools can lead to a power imbalance,
disadvantaging those without adequate access.

6. Equality, Diversity, and Inclusion:

+ Positive Impact: Al can enhance accessibility for learners with
additional needs and disabilities by generating content in various
formats, such as audio, visual, descriptive, braille, and formats for the
hearing impaired.

— Potential Pitfall: The over-standardisation of testing and assessment
through Al systems may reinforce hidden biases. Al-generated
scores or grades are based on large datasets, which may reflect a
lack of opportunity rather than ability, potentially leading to unfair
assessments.

By considering both the positive impacts and potential pitfalls of Al in
education, educators can make informed decisions about how to best
integrate these technologies into their teaching practices. The goal should
be to enhance learning outcomes while preserving the essential human
elements of education[10].
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