Appendix 1
Framework of STEM Teaching Approaches (AUTHOR, 2017; AUTHOR et al., 2022)
	Approach
	Description

	Authenticity
	Authenticity is established when the learning is contextualised in ways that explicitly assist students to understand how their STEM learning relates to the world beyond the classroom. A concrete definition is impossible to offer as authenticity is a concept grounded in specific contexts. Examples of authentic practices can include but are not limited to: excursions to local ecosystems (Prokop et al., 2007), outdoor learning practices (Assaraf & Orion, 2010), museum visits (Martin et al., 2016), engagement with community members (Stevens et al., 2016), university excursions (Ozogul et al., 2019) and summer camps (White et al., 2018). Authentic approaches often place considerable time and resource pressures on schools and educators (AUTHOR et al., 2022).

	Cooperative Learning
	Cooperative learning occurs when students work together to complete a task that would otherwise be impossible or unreasonable to complete individually (e.g., AUTHOR et al., 2017). This strategy is often supported with clear expectations in terms of process and output. For example, students or groups of students may be assigned discreet roles within a larger learning task (Tarhan et al., 2013).

	Direct Instruction
	Direct Instruction, often referred to as transmission, is the more traditional approach of teacher dissemination of information that places students in a passive recipient role (Jonassen, 1991). It should be noted that direct transmission is often viewed as a necessary part of a balance teaching approach rather than a contradiction of constructivist principles (Godino et al., 2016).

	Higher Order Thinking 
	High Order Thinking (HOT) is defined as cognition that can be transferred beyond an immediate context, is of an analytic nature, and can be applied in problem solving (Collin, 2014). HOT can often be catalysed through questions which have more than one acceptable answer, with the quality of the answer relating more to a learner’s process or reasoning rather than a concrete notion of correctness. Such questions are seen as a mechanism for productive discourse in STEM classrooms (Chin, 2006; 2007). Bloom’s Taxonomy (Forehand, 2010; Krathwohl, 2002), Productive questions (Elstgeest, 2001) and the Solo Taxonomy (Biggs & Collis, 2014) can all serve as frameworks for the development of HOT. It should also be noted that HOT is closely associated with inquiry and discovery learning (Matthews, 2002).

	Inquiry
	Inquiry learning is characterised by a focus on a specific outcome. It allows participants to apply skills and knowledge to seek the information needed to achieve the outcome. Learners can be afforded partial or complete control of the inquiry process (e.g., Fitzgerald et al., 2019). Inquiry Learning is a means of embodying scientific practice in science learning in alignment with constructivist principles because it requires active, persistent skill use based on personal knowledge (Suduc et al., 2015). Questioning, exploration, making and testing for the acquisition of new knowledge are essential (Lemlech, 2009).

	Modelling
	Such teacher demonstration occurs when a teacher represents the STEM related actions, skills, knowledge and/or dispositions they wish their students to emulate or embody. Although modelling/teacher demonstration is a longstanding approach (Glasson, 1989; Goodrum et al., 2001) often considered to be a more passive teaching approach, it has been linked to improved learning outcomes (Shepardson et al., 1994) and can be foundational element to more complex STEM programs (Ozogul, et al., 2019). Modelling can also encompass teacher lead investigations and can often be linked to other scaffolding approaches.

	Project/ Problem-Based Learning
	Project/ Problem-based learning uses real-world problems as a starting point for the acquisition and integration of new knowledge into existing schemas (Etherington, 2011; Keil et al., 2009; Sari et al., 2018). This approach to STEM learning helps students to develop transferable skills which can be used in novel situations. Project/ problem-based learning can be characterised by the requirement for systems thinking, that often links science to other learning areas, and a lack of immediate clarity regarding the ‘correctness’ of actions or answers (Stepien & Gallagher, 1993). In essence, such open-ended approaches eschew the relative linear, narrative structure of other approaches (Drăghicescu et al., 2014).

	Reflection
	Reflection involves providing support and time for learners to consolidate their new, refined STEM understandings into their existing schemas. This approach is an overarching, intersectional strategy that would typically occur in conjunction with other teaching approaches and would take a variety of forms (brainstorms, reports, group discussions & multimodal representations) (Genc, 2015; Karaçalli & Korur, 2014).

	Scaffolding
	Scaffolding encompasses an array of classroom actions and mechanisms designed to assist learners as they work to overcome challenges (Lin et al., 2012), ideally based on an educator’s informed assessment of a learner’s zone of proximal development (Vygotsky, 1977; 1978). Teaching scaffolds are typically designed to fade as students assume more responsibility (Bakker et al., 2015; Stender & Kaiser, 2015). Scaffolding can occur through teacher dialogue, supporting resources and supplementary strategies (Bakker et al., 2015). Scaffolding can often occur through teacher-centred approaches such as: direct instruction (Godino et al., 2016), watching videos (Chen & Cowie, 2014; Hapsari & Hanif, 2019; Koto, 2020), worksheets (Mortensen & Smart, 2007; Nyamupangedengu & Lelliott, 2012). More active approaches, such as peer tutoring (Stephenson & Warwick, 2001; Topping et al., 2004) and station rotations (Martin et al., 2016; Ocak, 2010), can also be viable scaffolding techniques.

	Student-Centred Learning
	Student-centred learning is characterised by affording agency to learners through hands on learning or simulations. Teachers function as responsive facilitators (e.g. McKinnon et al, 2017; Palmer, 2006). Student-centred learning can be more contained experiences where knowledge and skills can be developed for more extended inquiry sequences. This approach has previously been classified as a guiding principle of, rather than a tangible approach to primary science education (AUTHOR, 2021), and this can be reflected in procedurally unclear intervention descriptions (e.g. Akyurek & Afacan, 2013). This approach also captures frequently adopted hands on learning and student-centred investigations (AUTHOR et al., 2022; Skamp & Preston, 2021).

	Technologies
	Any form of digital educational technology delivered to primary students with the aim of enhancing science learning. Technological innovations may include: Robots (Shiomi et al., 2015), Technology Enhanced Curriculum (Varma & Linn, 2012), Augmented Reality (Fleck & Simon, 2013), 3d Games (Lester et al., 2014) and Learning Management Systems (Field, 2009).
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