Table 2. Thematic axes and theoretical propositions of the middle-range theoretical framework for the use of low-cost simulators in healthcare education. 

	Thematic axes
	Theoretical propositions

	Axis 1: Accessibility and practice-based learning
	P1. LCS-CS is expected to increase access to simulation-based education and practice-based learning opportunities (PO1), particularly in contexts characterized by educational need (ANT1), equity-related access constraints (ANT4), limited institutional infrastructure (ANT3), and restricted availability of commercial simulation models (ANT2).

	Axis 1: Accessibility and practice-based learning
	P2. Portability (SA5), versatility (SA9), manufacturability and assembly feasibility (SA4), and access feasibility (SA2) are expected to reduce geographic, financial, and structural barriers to participation in LCS-CS, thereby strengthening access to clinical simulation and practice-based learning (PO1), particularly under limited institutional infrastructure (ANT3) and equity-related access constraints (ANT4) and when educational policies support implementation (ANT5).

	Axis 2: Efficiency and sustainability
	P3. LCS-CS is expected to strengthen efficiency and sustainability (PO4), including reduced institutional expenditures for clinical skills training, particularly when affordability (SA1) and replicability and consistency (SA8) support scalable delivery and when institutional capacity for implementation (MOD4) enables consistent logistics, technical support, and maintenance over time.

	Axis 2: Efficiency and sustainability
	P4. Sustainability capacity (SA3), supported by institutional commitment to sustainability (ANT6), is expected to strengthen efficiency and sustainability of simulation programs (PO4), particularly when institutional capacity for implementation (MOD4) supports continuity and responsible resource management.

	Axis 2: Efficiency and sustainability
	P5. Replicability and consistency (SA8) and sustainability capacity (SA3) are expected to increase feasibility, continuity, and scalability of LCS-CS, thereby strengthening efficiency and sustainability (PO4), particularly under educational need (ANT1), equity-related access constraints (ANT4), limited institutional infrastructure (ANT3), and restricted availability of commercial simulation models (ANT2).

	Axis 3: Instructional quality and teaching capacity
	P6. LCS-CS is more likely to produce stronger learning and competence development (PO2) when instructional alignment and pedagogical strategy (MOD1), faculty competence and qualifications (MOD2), and learner readiness (MOD3) are adequate.

	Axis 3: Instructional quality and teaching capacity
	P7. Contextual adaptability (SA10) and versatility (SA9) are expected to strengthen instructional quality and teaching capacity (PO3), particularly when institutional capacity for implementation (MOD4) supports ongoing refinement and when instructional alignment and pedagogical strategy (MOD1) and faculty competence and qualifications (MOD2) are adequate within the institutional and policy context (ANT3, ANT5).

	Axis 4: Customization and educational context
	P8. Educational effectiveness in LCS-CS is expected to be stronger when simulator attributes (SA1–SA9) are adapted to the educational context through contextual adaptability (SA10) and aligned with learning objectives through instructional alignment and pedagogical strategy (MOD1), thereby strengthening learning and competence development (PO2).

	Axis 4: Customization and educational context
	P9. When LCS-CS is aligned with learner readiness (MOD3) and learning objectives through instructional alignment and pedagogical strategy (MOD1), instructional quality and teaching capacity (PO3) are expected to improve, particularly in contexts characterized by educational need (ANT1) and equity-related access constraints (ANT4).

	Axis 5: Technological level and effectiveness
	P10. The contribution of enabling technology integration (SA7) to learning and competence development (PO2) is contingent on purpose-appropriate fidelity (SA6) and is expected to be stronger when aligned with learning objectives through instructional alignment and pedagogical strategy (MOD1).

	Axis 5: Technological level and effectiveness
	P11. Simulators with lower levels of technology integration (SA7) and lower purpose-appropriate fidelity (SA6) may achieve instructional quality outcomes (PO3) comparable to higher-fidelity approaches when instructional alignment and pedagogical strategy (MOD1), faculty competence and qualifications (MOD2), and learner readiness (MOD3) are adequate in LCS-CS.

	Axis 6:
Interaction between factors
	P12. The combined presence of affordability (SA1), access feasibility (SA2), sustainability capacity (SA3), and contextual adaptability (SA10) is expected to strengthen access to clinical simulation and practice-based learning (PO1), particularly when supported by institutional capacity for implementation (MOD4) and coherent instructional alignment and pedagogical strategy (MOD1) in contexts characterized by educational need (ANT1) and equity-related access constraints (ANT4).

	Axis 6:
Interaction between factors
	P13. Proximal outcomes of LCS-CS, including PO1–PO4, depend on interactions among antecedents (ANT1–ANT6), simulator attributes (SA1–SA10), and modulators (MOD1–MOD4) that shape implementation quality and the magnitude of educational and organizational benefits, and over time may contribute to improved quality of healthcare delivery (DO1).



Note: P = Proposition; LCS-CS: Use of low-cost simulators in clinical simulation. The mapping of constructs (antecedents, implementation attributes, modulators, and outcomes) is embedded within each proposition.

