ASCILITE 2024

Navigating the Terrain:

Emerging Frontiers in Learning Spaces, Pedagogies, and Technologies

The Funnel Transformative Model of Science Education: An
Innovative Approach Awaiting Validation

Jorge Reyna
The Royal Australian and New Zealand College of Ophthalmologists (RANZCO), Sydney, Australia

Marta Romero Ariza, Antonio Quesada Armenteros
University of Jaén, Jaén, Spain

This theoretical paper proposes a model to address the multifaceted challenges of science
education by integrating two evidence-based approaches: the Learner-Generated Digital Media
(LGDM) projects framework and the Cognitive Acceleration through Science Education (CASE)
framework. The Model is analogous to a funnel, with its wide top representing the broad field of
science education and its narrow bottom symbolising transformative learning. It leverages
LGDM's self-regulation benefits and CASE’s structured five-stage approach — Concrete
Preparation, Cognitive Conflict, Social Construction, Metacognition, and Bridging. The model
categorises the complexity of science learning into six critical pillars: lack of conceptual
understanding, cognitive challenges, language barriers, lack of hands-on learning, lack of robust
assessments, and social issues. Applying the Funnel Model aims to develop cognitive skills,
enhance learning strategies, and foster practical skills. This paper presents the Funnel Model and
discusses a methodological approach to validation using Design-Based Research (DBR). The
research plans to address three key questions to refine and enhance the Funnel Model in
improving science education outcomes.
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Introduction

Science education faces significant challenges, including student misconceptions, cognitive overload, abstract
reasoning difficulties, language barriers, and social issues (Chen & Xiao, 2021; Kaptan & Timurlenk, 2012;
McGee, 2021; Thomas & Boon, 2023). Traditional methods, such as rote learning and teacher-directed
instruction, often fail to engage students meaningfully, leading to poor retention and understanding (Roth,
2013). The Funnel Transformative Model of Science Education aims to address these issues by integrating two
powerful evidence-based instructional strategies: Learner-Generated Digital Media (LGDM) projects (Reyna et
al., 2016) and the Cognitive Acceleration through Science Education (CASE) framework (Adey & Shayer, 2015).
This model promotes deeper understanding and lasting engagement by combining the practical benefits of
digital media projects with the structured stages of CASE.

LGDM involves students creating digital media content, such as videos, animations, infographics, 3D models,
and VR content, to explore and explain scientific concepts (Reyna & Meier, 2018). This approach fosters active
learning, self-regulation, higher-order thinking, and research skills while encouraging creativity, collaboration,
and communication in the digital space (Reyna & Meier, 2018; Reyna et al., 2017). LGDM also addresses group
dynamics, ensuring all members contribute to a project using a groupwork marking rubric (Reyna, 2020). CASE,
on the other hand, develops students’ cognitive abilities through five stages: Concrete Preparation, Cognitive
Conflict, Social Construction, Metacognition, and Bridging (Adey & Shayer, 2015). This structured approach
promotes critical thinking, deeper understanding, and the ability to apply knowledge to novel situations,
making education more relevant and applicable to students’ lives (Shayer, 1999).

Integrating LGDM with the CASE framework creates a powerful synergy that addresses the multifaceted
challenges of science education. The Funnel Model is intended to be flexible and can be effectively applied
across various educational levels, including early childhood, primary, secondary, undergraduate, and
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postgraduate education. This research aims to present the Funnel Transformative Model of Science Education
for future validation, addressing the need for a comprehensive model for digital science education and
discussing its potential and methodological approach for refinement.

Instructional approaches to science learning

Science education has undergone significant transformations over the decades, with various instructional
models developed and implemented to enhance learning outcomes (Hmelo-Silver, 2006; Hushman & Marley,
2015). The complexity and abstract nature of scientific concepts often pose challenges for students and
educators, requiring innovative approaches to teaching. This section examines current instructional
approaches to science learning that try to address these challenges, their sequence reflecting a logical
progression from broad, flexible frameworks to more structured, detailed methods. This ensures a
comprehensive understanding of the benefits and drawbacks of these diverse instructional strategies in
science education.

Project-based learning (PjBL)

Project-Based Learning (PjBL) is an instructional methodology that encourages students to learn and apply
knowledge through engaging projects around real-world problems and challenges. Unlike traditional
instruction where the teacher directs learning, PjBL places students in a more active role where they must
investigate and respond to complex questions or tasks (Nurhidayah et al., 2021). This method is claimed to
promote deeper learning and is intended to help students develop critical thinking, collaboration, and
communication skills. Research has shown that PjBL can increase student motivation and engagement by
making learning relevant and meaningful (Diana & Sukma, 2021).

One significant challenge of PjBL is the need for substantial time and resources to design and implement
practical projects, which can put strain on teachers and school budgets (Aksela & Haatainen, 2019). Not all
educators have the training or experience necessary to facilitate PjBL effectively, potentially leading to uneven
student experiences and outcomes (Ferwati et al., 2023). The open-ended nature of PjBL can also be daunting
for some students, particularly those who need help with self-directed learning or managing complex tasks.
Furthermore, assessing student performance in PjBL can be challenging because traditional assessment
methods may not capture the full range of skills and knowledge developed in projects (Nurhidayah et al.,
2021). Finally, PjBL's focus on specific projects may limit the breadth of content coverage, potentially leaving
gaps in students' overall understanding of the subject matter (Mihic & Zavrski, 2017).

Problem-based learning (PBL)

This approach is a student-centred pedagogy that involves learning about a subject by solving an open-ended
problem. Grounded in constructivist principles, PBL aims to develop critical thinking, problem-solving skills,
and self-directed learning (Hmelo-Silver, 2004). In PBL, students typically work in small groups to tackle real-
world problems, guided by a facilitator rather than a traditional instructor. This method can encourage deep
learning and the application of knowledge to novel situations (Hmelo-Silver, 2006). Studies have shown that
PBL can enhance student motivation and engagement with science learning, making it a valuable approach
which fosters lifelong learning skills (Savery, 2015).

One major challenge of Problem-Based Learning (PBL) is the high demand it places on teachers, who need to
skilfully guide discussions, prompt critical thinking, and manage group dynamics without directly providing
answers, which can be difficult for those used to traditional teaching methods (Hmelo-Silver, 2006).
Additionally, PBL can be time-consuming, requiring significant preparation to develop and implement complex
real-world problems that align with curriculum standards. The open-ended nature of problems complicates
assessment and can result in variable learning outcomes (Savery, 2015). Furthermore, groupwork dynamics
can lead to unequal participation, with some students dominating and others becoming passive, which creates
challenges for a collaborative and inclusive learning environment.
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Inquiry-based learning (IBL)

This model emphasises the importance of students actively engaging in the scientific process by asking
questions, designing experiments, collecting and analysing data, and proposing evidence-based conclusions.
Inquiry-based learning (IBL) can be implemented at varying guidance levels, from structured inquiry with
teacher-provided questions through to open inquiry, where students create their own research questions and
methods. Research has shown that IBLs may be effective in enhancing students' understanding of scientific
concepts and processes, fostering a deeper appreciation of science and its methodologies (Aparicio-Ting et al.,
2019).

However, IBL could also place significant demands on both students and teachers (Hinostroza et al., 2024).
Students need high levels of self-direction and motivation, which can be challenging for those used to
traditional instruction (Kagar et al., 2021). They may struggle to formulate research questions and design
experiments, especially without prior experience or foundational knowledge (Minner et al., 2010). Teachers
must facilitate inquiry without providing too much direction, a balance which can be difficult to strike as
insufficient guidance can frustrate students, while too much can limit independent learning (Seneviratne et al.,
2019). Additionally, the open-ended nature of IBL can complicate assessment because traditional tests may
not capture the depth of inquiry skills and understanding, thus requiring educators to develop creative
assessment strategies (Hinostroza et al., 2024).

STEM education

This model integrates science, technology, engineering, and mathematics education into a robust learning
paradigm based on real-world applications. This interdisciplinary approach aims to equip students with the
skills necessary for the 21st century, emphasising critical thinking, creativity, and problem-solving (Ortiz-Revilla
et al., 2022). STEM initiatives often involve project-based learning, where students undertake complex tasks
that require integrating knowledge from multiple disciplines. Studies have shown that STEM education can
enhance students’ interest and achievement in science and related fields, preparing them for future careers
(Wei & Chen, 2020).

The STEM education model faces several limitations, such as unequal access to resources and specialised
equipment, which can lead to disparities in educational opportunities, particularly in underfunded or rural
areas (Nepeina et al., 2020). The time-consuming nature of project-based learning can present challenges in
balancing curricular requirements and managing long-term projects. Furthermore, traditional assessment
methods (e.g. MCQs) often fail to capture the full range of skills developed through STEM activities (Kelley &
Knowles, 2016).

Flipped classroom model

The Flipped Classroom Model reverses traditional learning by delivering instructional content online outside
the classroom, while in-class time is used for interactive activities that foster problem-solving (Bergmann &
Sams, 2012). This approach allows students to learn at their own pace and increases opportunities for active
learning, peer collaboration, and teacher support, thereby improving student engagement and achievement
(Jdaitawi, 2019). However, the model faces several challenges, including ensuring equitable access to the
necessary technology, relying on students' self-motivation and time management skills, and the substantial
effort required from teachers to create quality instructional videos and redesign class activities (Reyna, 2019b).

The 5E instructional model

This model was developed by the Biological Sciences Curriculum Study (BSCS) (Bybee et al., 2006) and is one of
science education's most widely used frameworks. It comprises five phases: Engage, Explore, Explain,
Elaborate, and Evaluate (Joswick & Hulings, 2024). This model is designed to facilitate conceptual
understanding and foster scientific inquiry. Engage captures students' interest and elicits prior knowledge.
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Explore provides hands-on experiences where students investigate scientific concepts. Explain encourages
students to articulate their understanding and enables teachers to provide explanations. Elaborate extends
students’ knowledge through new experiences and applications. Finally, Evaluate assesses students’
understanding and skills (Koyunlu Unlii & Dékme, 2022). Research indicates that the 5E Model promotes active
learning and helps students better understand scientific concepts, making it a powerful tool for science
educators (Garcia | Grau et al., 2021).

The 5E Instructional Model has several limitations. Its effectiveness depends heavily on teachers' experience
and expertise, which can vary significantly (Balci et al., 2006). The model may only partially address the diverse
needs of some students, especially those requiring individualised instruction or additional support (Boddy et
al., 2003). Additionally, the resource-intensive nature of hands-on exploration can challenge schools with
limited access to materials and equipment (Bybee et al., 2006). The model's emphasis on inquiry-based
learning may need to align better with standardised testing practices prioritising rote memorisation. Lastly,
integration of technology into the 5E framework can be inconsistent, as some educators need help with
incorporating digital tools into their lessons effectively (Kim & Reeves, 2007).

Drawbacks of traditional science instructional approaches

Traditional science instructional approaches face several challenges, including the substantial time and
resources required for practical projects and extensive teacher preparation and training. Many educators need
more experience to manage group dynamics and facilitate effective learning with direct instruction, leading to
uneven implementation and varying student outcomes. Student engagement and self-regulation are critical, as
students may struggle with self-directed tasks and groupwork dynamics, resulting in unequal participation.
Assessment methods often fail to capture the full range of skills developed through project-based learning,
and logistical constraints make it difficult to manage long-term projects within limited classroom time.
Additionally, these models do not adequately address misconceptions, cognitive overload, language barriers,
or the abstract nature of scientific principles. Limited access to hands-on learning exacerbates educational
inequalities, and practical assessment methodologies are crucial for aligning evaluations with learning
objectives. Integrating social issues into science education is essential for fostering an inclusive environment,
addressing disparities among gender, minority, and marginalized groups, and creating a diverse and inclusive
STEM workforce.

The proposed approach: the Funnel Transformative Model of science education

In science education, analogies are powerful tools often used to explain complex concepts by drawing familiar
comparisons (Coll et al., 2005). Traditionally underused for proposing instructional models, analogies can also
help educators simplify and systematise the complexity of science education (Glynn, 2015). For instance, the
classroom could be envisioned as a funnel guiding students through a transformative learning journey using
the LGDM-CASE approaches. At the mouth of the funnel, students would encounter various digital media
literacy frameworks and scientific concepts. As they investigate more deeply, the funnel narrows, symbolising
the increasing focus and depth of their learning experiences. Through hands-on engagement with LGDM-CASE
activities, students would undergo cognitive development, face cognitive conflict, develop social constructs,
and engage in metacognitive reflection. They would grapple with challenges, collaborate with peers, and
reflect on their learning processes while integrating scientific content with digital media creation. Ultimately,
at the funnel's end, students would emerge transformed, equipped with a deep understanding of scientific
concepts, the ability to apply their knowledge in real-world contexts, and enhanced digital media literacy skills.
Thus, the integration of LGDM-CASE could foster a transformative learning experience, guiding students
through discovery, collaboration, and growth in the classroom. Figure 1 represents this proposed model.
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Figure 1. The Funnel Transformative Model of Science Education

The complexity of science education (1)

This section of the Funnel Model (1) represents the multifaceted challenges encountered by science students,
outlining obstacles that can hinder their progress and comprehension. It emphasises the foundational
importance of conceptual clarity which overcomes entrenched misconceptions that impede science learning.
Some examples include preconceived notions, non-scientific beliefs, conceptual misunderstandings, and
language or vocabulary misunderstandings. Also, contextual voids and the abstract nature of scientific
principles can negatively impact science learning (Suprapto, 2020). Moreover, the model investigates students
cognitive challenges, including the often overwhelming burden of assimilating vast amounts of information, as
well as the complex abstract reasoning needed to understand scientific theories. (Meissner & Bogner, 2013).
Language barriers can further compound these challenges, particularly with translating technical jargon and
articulating scientific ideas effectively (Amano et al., 2021). It helps students understand science better if they
learn by doing things themselves, but there are barriers that prevent students from getting valuable hands-on
experience (Lombardi et al., 2021). This section of the model also emphasises robust assessment
methodologies to gauge students' grasp of scientific knowledge, assessments that align with learning
objectives and are authentic, reliable, and conducive to metacognitive growth. It also reflects the importance
of integrating social issues into science education. It highlights the significance of recognising and addressing
disparities regarding gender (Harding, 2023) and minority or marginalised groups like Indigenous (Mizetti et
al., 2020) and LGBT+ students (Reggiani et al., 2024) to foster an inclusive and empathic learning environment.

Learner-Generated Digital Media (LGDM) projects (2)

LGDM (Learner-Generated Digital Media) integrates various frameworks to enhance digital media literacy and
optimise digital media projects in science education. It uses a blended learning approach to train students and
educators in digital media production and incorporates the three domains of digital media literacy from the
Digital Media Literacies Framework (Reyna et al., 2018a) — Conceptual (storyboard), Functional (software), and
Audio-visual (digital media principles). The application of this framework has been shown to help educators
and students develop the skills needed to create compelling digital media projects, with marking rubrics to
assess proficiency also based on these domains. The Taxonomy of Digital Media Types (Reyna et al., 2017) can
help with designing digital media projects by giving students an understanding of the complexity and variety of
digital artefacts. This guides task design, task weighting, and group dynamics, educating teachers and students
alike about the production process and required skills. Additionally, LGDM integrates principles like layout
design, colour theory, typography, and basic video techniques from the Digital Media Principles (Reyna et al.,
2018b) into teacher and student training, which could assist the creation of high-quality LGDM projects that
effectively convey messages. The Digital Media Project Implementation Framework (Reyna & Meier, 2018) can
also provide a comprehensive understanding of the flow of digital media projects, including pedagogy, student
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training, feedback, and evaluation, addressing the ‘Why, What, and How’ of implementation to facilitate
effective communication between teachers and students.

Cognitive Acceleration through Science Education (CASE) model (2)

The Cognitive Acceleration through Science Education (CASE) Model provides a structured approach to
fostering cognitive development in science education (Adey & Shayer, 2015), which synergises effectively with
LGDM projects. Several studies have investigated the impact of CASE on student learning across various
disciplines (Hugerat et al., 2014; Oliver & Venville, 2015; McCormack et al., 2014; Sarwar & Muhammad, 2021).
In mathematics education, CASE demonstrated increased teacher efficacy, enhanced teaching practices, and
student gains positively impacting teacher confidence and classroom dynamics (Seleznyov et al., 2022). In
physics education in fourth-grade students, a study demonstrated that CASE-based teaching methods
significantly enhanced high school student's ability to apply theoretical physics knowledge to practical
problems, surpassing the outcomes of traditional instructional approaches. Similarly, research featured in
chemistry highlighted CASE's effectiveness in improving undergraduate students' conceptual understanding
and problem-solving skills compared to control groups. Outside science disciplines, CASE has also shown a
positive impact on student learning (Bibi & Aziz, 2021; Ochagavia, 2014).

The learning process (3)

The Cognitive Acceleration through Science Education (CASE) model provides a structured approach to
fostering cognitive development in science education which synergises effectively with LGDM projects (Adey &
Shayer, 2015). Through each stage of CASE for LGDM projects, students progress from laying the groundwork
of scientific concepts and digital media literacy in Concrete Preparation right through to encountering
cognitive conflict while harmonising scientific understanding with digital media creation. This approach can
support meaningful learning by using experimental evidence and the social construction of meaning via
groupwork to reconstruct critical ideas.

The Social Construct stage emphasises collaborative learning, where students collectively brainstorm ideas,
conduct research, and develop an evidence-based storyboard to produce engaging digital media artefacts
about scientific concepts. Reasoning skills are promoted throughout the iterative processes of digital media
production by applying and repeating reasoning schemas which are carefully guided and scaffolded by the
teacher. Metacognition becomes pivotal as students reflect on learning processes and strategies and evaluate
their understanding of scientific concepts in the context of digital media creation. Finally, in the Bridging stage,
students connect their scientific knowledge with real-world digital media creation, producing artefacts that
communicate scientific concepts to broader audiences and demonstrating the relevance of their learning
beyond the classroom.

The output of the Funnel Model (4)

At the culmination of the Funnel Model learning experience, students have hopefully acquired many skills
beyond conventional boundaries, empowering them to succeed in diverse contexts. By leveraging cognitive
acceleration strategies and digital media creation, the proposed model could help students cultivate a
multifaceted skill set characterised by deep understanding, schema formation, and integration of knowledge.
Students will be expected to explore scientific concepts and digital media principles in depth, engaging in
rigorous inquiry to uncover underlying connections. Students will be able to consolidate their learning through
the repeated exposure and practice inherent in the iterative nature of digital media production, profoundly
embedding knowledge into their long-term memory. They can potentially synthesise insights from incongruent
sources, creating narratives that transcend disciplinary boundaries. This process could foster metacognitive
development as students will monitor and regulate their thinking with intentionality and self-awareness.
Taking ownership of their learning journey, students can exercise their agency and initiative, actively seeking
opportunities for exploration and self-directed growth. They can cultivate transferable skills such as
communication, collaboration, conflict resolution, and digital media literacy, positioning themselves for
success across diverse domains beyond academia.
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Addressing the Gaps in Science Education with the Funnel Model

The Funnel Model of Transformative Science Education is designed to address and mitigate common
weaknesses in conventional science instructional models by leveraging digital tools and platforms to create
interactive learning experiences without the logistical and financial burdens of traditional setups. It
incorporates a blended learning approach to training students and educators that combines asynchronous and
synchronous teaching methods. From the teacher’s perspective, this approach allows them to focus on
facilitation and mentoring while freeing up classroom time for personalised instruction. Built around the
principles of Learner-Generated Digital Media (LGDM) and Cognitive Acceleration in Science Education (CASE),
the Funnel model emphasises scaffolding, peer learning, and collaborative support, reducing the burden on
individual teachers and fostering an inclusive learning environment.

LGDM can empower students to create digital media, fostering creativity, self-expression, critical thinking, and
digital media literacy skills, providing student agency, and enhancing engagement and ownership of learning
outcomes. Additionally, LGDM can take group dynamics into account to ensure all members of each group
contribute to a project using a groupwork marking rubric to weight mark allocations according to student
effort and contribution. CASE integrates learning into real-world contexts, making education more relevant
and applicable to students’ lives, improving retention and understanding, and preparing students for practical
challenges beyond the classroom. Together, LGDM and CASE can address the shortcomings of current
instructional approaches by promoting active student participation, real-world application, and personalised
learning experiences tailored to individual needs and interests.

Methodological approach

The validation and refinement of the Funnel Transformative Model of Science Education will be conducted
using a Design-Based Research (DBR) methodology and methodological triangulation. The research aims to
address three key questions: the characteristics of a model combining LGDM and CASE to tackle current
science education challenges, educators’ perceptions of implementation challenges and potential
improvements, and the model’s impact on teachers’ readiness to address these challenges. The research will
be carried out in four stages: (1) Refinement of the Funnel model through feedback from experienced STEM
educators, resulting in Funnel V2; (2) A pilot study with in-service teachers from various disciplines to further
refine the model, leading to Funnel V3; (3) Preparation for classroom implementation, including the design of
instructional materials, pre/post surveys, and an LGDM assessment with a marking rubric; and (4)
Implementation and impact measurement with pre-service teachers, using surveys and LGDM project
evaluations to validate and fine-tune the model. This comprehensive and iterative approach ensures the
research questions are thoroughly addressed, leading to the effective refinement of the Funnel Transformative
Model of Science Education.

The future

The fusion of LGDM and CASE instructional approaches in the Funnel Model could potentially contribute to a
transformative era in science education, promising profound impacts on student learning outcomes and
instructional practices. This integration prioritises deep conceptual understanding and cognitive development,
leveraging CASE's cognitive acceleration techniques in LGDM projects to foster active, inquiry-driven learning
experiences. By engaging students in digital media creation, the integration promises to enhance their digital
media literacy skills. It could promote interdisciplinary learning, enabling them to contextualise scientific
principles within real-world scenarios and prepare for the modern workforce's demands. Moreover, this
approach would foster a student-centred learning environment, empowering students to take ownership of
their learning journey and actively construct knowledge via autonomous, creative, and self-directed
exploration.
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