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Supplemental Table 3. Construct validity analysis of the SOLO-BOPPPS instructional model evaluation scale.
	Items
	Factor 1
	Factor 2
	Factor 3
	Communalities

	Factor 1: Cognitive Support
	
	
	
	

	Helps to clarify learning objectives and key points.
	0.86
	0.27
	0.26
	0.887

	Helps me conduct systematic post-class review.
	0.88
	0.25
	0.22
	0.887

	Helps me read the textbook more effectively.
	0.84
	0.30
	0.22
	0.855

	I am overall satisfied with the scaffolds.
	0.73
	0.41
	0.34
	0.818

	Helps me learn in a more structured way.
	0.72
	0.38
	0.30
	0.750

	Scaffolds can be routinely used in physiology teaching.
	0.70
	0.37
	0.31
	0.729

	Scaffolds comprehensively cover the teaching content.​
	0.55
	0.49
	0.22
	0.596

	Factor 2: Behavioral Engagement and Experience
	
	
	
	

	I put more effect into my in-class learning.
	0.12
	0.75
	0.02
	0.575

	Offers effective support for my learning in class.
	0.40
	0.76
	0.27
	0.811

	Decreases my phone-related distractions in class.
	0.37
	0.75
	0.26
	0.765

	Promotes peer interaction.
	0.32
	0.74
	0.31
	0.743

	I feel a sense of achievement in class
	0.34
	0.73
	0.37
	0.782

	Makes my learning in class more effective.
	0.49
	0.72
	0.35
	0.871

	I experience joy in the process of learning.
	0.37
	0.71
	0.39
	0.802

	Increases my interest and drives me to learn
	0.51
	0.68
	0.37
	0.867

	The class feels well-paced
	0.58
	0.62
	0.15
	0.749

	Enhances my focus in class.
	0.61
	0.55
	0.37
	0.807

	Factor3: Cognitive Attitude and Engagement
	
	
	
	

	Makes me take this course more seriously.
	0.27
	0.26
	0.87​
	0.903

	Deepens my understanding of the course material.
	0.32
	0.19
	0.86​
	0.885

	Enables me to maintain active involvement.
	0.28
	0.35
	0.83​
	0.897

	Eigenvalues (after rotation)
	6.22
	6.09
	3.66
	-

	% of Variance (after rotation)
	31.11%
	30.46%
	18.31%
	-

	Cumulative % of Variance (after rotation)
	31.11%
	61.58%
	79.89%
	

	Kaiser-Meyer-Olkin (KMO) measure
	0.821
	
	
	

	Bartlett’s Test of Sphericity
	1559.909
	
	
	

	Df
	190.000
	
	
	

	P value
	
	-
	
	



Note：Principal component analysis with varimax rotation was used. KMO = 0.821, Bartlett’s test of sphericity: χ² (190) = 1559.909, P< 0.001. Bolded loadings are the highest for each item (all > 0.50). Results are based on 20 items retained after purification (2 reverse-scored and 2 cross-loading items were removed from the initial 24-item pool).
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Items  Factor 1  Factor 2  Factor 3  Communalities  

Factor 1: Cognitive Support      

Helps to clarify learning objectives and key points.  0.86  0.27  0.26  0.887  

Helps me conduct systematic post - class review.  0.88  0.25  0.22  0.887  

Helps me read the textbook more effectively.  0.84  0.30  0.22  0.855  

I am overall satisfied with the   s caffold s.  0.73  0.41  0.34  0.818  

Helps me learn in a more structured way.  0.72  0.38  0.30  0.750  

S caffold s   c an be routinely used in physiology teaching .  0.70  0.37  0.31  0.729  

S caffolds comprehensively cover the teaching content.  0.55  0.49  0.22  0.596  

Factor 2: Behavioral Engagement and Experience      

I put more e ffect   into  my in - class   learning .  0.12  0.75  0.02  0.575  

Offers effective support for my learning in class.  0.40  0.76  0.27  0.811  

Decreases my phone - related distractions in class.  0.37  0.75  0.26  0.765  

Promotes peer interaction.  0.32  0.74  0.31  0.743  

I feel a sense of achievement   in class  0.34  0.73  0.37  0.782  

Makes my learning in class more effective.  0.49  0.72  0.35  0.871  

I experience joy in the process of learning.  0.37  0.71  0.39  0.802  

Increases my interest and drives me to learn  0.51  0.68  0.37  0.867  

The class feels well - paced  0.58  0.62  0.15  0.749  

Enhances my focus in class.  0.61  0.55  0.37  0.807  

Factor3: Cognitive Attitude and Engagement      

Makes me take this course more seriously.  0.27  0.26  0.87  0.903  

Deepens my understanding of the course material.  0.32  0.19  0.86  0.885  

Enables me to maintain active involvement.  0.28  0.35  0.83  0.897  

Eigenvalues (after rotation)  6.22  6.09  3.66  -  

