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1. Purpose of This Supplementary Document
This document provides supporting construct validation evidence for the Sustainable Teaching Efficacy (STE) subscale — one of four subscales in the GAISRL-HOTS Scale. Because STE integrates technology-equity dimensions not present in its parent instrument (the Teachers' Sense of Efficacy Scale, TSES; Tschannen-Moran & Hoy, 2001), it represents a theoretically grounded adaptation. This document provides: (1) the theoretical rationale for the adaptation, (2) the content validity process and results, (3) pilot reliability statistics, and (4) main study confirmatory measurement quality.
2. Theoretical Rationale for the STE Adaptation
The TSES (Tschannen-Moran & Hoy, 2001) is the most widely validated measure of teacher self-efficacy, demonstrating strong psychometric properties across multiple national contexts (Klassen et al., 2011). Its three dimensions — instructional strategies, classroom management, and student engagement — capture the professional confidence that Bandura's (1997) social cognitive theory identifies as central to adaptive teaching behaviour.
However, the TSES predates the mainstreaming of AI-integrated pedagogy and does not include items assessing confidence in technology-equity-oriented or SDG-aligned instruction — competencies now central to sustainable teacher education policy (UNESCO, 2021; NTC, 2022). Two adaptations were made:
First, contextual reframing: the three TSES dimensions were retained and reworded to situate efficacy beliefs within technology-integrated and GenAI-mediated teaching contexts, preserving the original construct logic while extending it to AI-mediated practice.
Second, technology-equity augmentation: two items were added to capture confidence in designing inclusive, equity-oriented digital environments aligned with SDG 4.5, drawn from UNESCO (2021) AI in Education competency guidance. These items extend the TSES rather than replacing it — the validated three-factor structure is preserved and the new items constitute a fourth, technology-equity facet.
3. Content Validity Process
Content validity was established using the Content Validity Index (CVI) procedure recommended by Polit and Beck (2006). An eight-expert panel (four educational technology researchers and four teacher educators) independently rated each STE item on a four-point relevance scale (1 = not relevant; 4 = highly relevant). Items with item-level CVI (I-CVI) below .80 were revised and resubmitted. The scale-level CVI (S-CVI/Ave) was computed as the mean I-CVI across all retained items.
Table S1
Content Validity Indices for the STE Subscale (N = 8 Expert Raters)
	STE Dimension / Item
	I-CVI R1
	Revised
	I-CVI Final
	Retain

	Instructional Strategies — adapted from TSES (3 items)
	
	
	
	

	STE1: Confidence adapting GenAI strategies to diverse learners
	.88
	No
	.88
	Yes

	STE2: Confidence designing AI-supported differentiated instruction
	.75
	Yes
	.88
	Yes

	STE3: Confidence implementing SDG-aligned strategies with GenAI
	.88
	No
	.88
	Yes

	Classroom Management — adapted from TSES (3 items)
	
	
	
	

	STE4: Confidence managing technology-integrated classroom equitably
	.88
	No
	.88
	Yes

	STE5: Confidence maintaining productive learning during AI tasks
	.75
	Yes
	.88
	Yes

	STE6: Confidence addressing off-task AI use
	.88
	No
	.88
	Yes

	Student Engagement — adapted from TSES (3 items)
	
	
	
	

	STE7: Confidence motivating students to engage critically with AI
	.88
	No
	.88
	Yes

	STE8: Confidence creating AI tasks that develop higher-order thinking
	.75
	Yes
	.88
	Yes

	STE9: Confidence helping all students succeed in tech-rich settings
	.88
	No
	.88
	Yes

	Technology-Equity — new items per UNESCO (2021) (2 items piloted)
	
	
	
	

	STE10: Confidence designing inclusive GenAI-integrated lessons
	.88
	No
	.88
	Yes

	STE-T: Digital equity confidence item (removed after pilot)
	.63
	Yes
	.75
	No

	Scale-Level CVI (S-CVI/Ave — final 10 items)
	—
	—
	.84
	—


Note. I-CVI = item-level Content Validity Index (proportion of experts rating the item 3 or 4 on a 4-point scale; Polit & Beck, 2006). Items below .80 were revised and resubmitted. One item (STE-T) failed to meet threshold after revision and was removed, yielding the final 10-item STE subscale. S-CVI/Ave = .84 exceeds the ≥ .80 recommended threshold (Polit & Beck, 2006).
4. Pilot Study Reliability Statistics
The GAISRL-HOTS Scale was piloted with N = 50 preservice teachers from two non-participating Ghanaian institutions (25 urban, 25 rural). Cronbach's alpha was computed for each subscale in IBM SPSS Statistics 26.0. Items that reduced α upon removal were revised; items whose removal did not improve α were retained.
Table S2
Pilot Study Internal Consistency Reliability (N = 50)
	Subscale
	Pilot items
	α
	Items revised/removed
	Items in final instrument

	Human–AI Interaction Quality (HAIQ)
	15
	.84
	1 revised
	14

	GenAI-Supported Reflective Learning (GAISRL)
	13
	.82
	1 revised
	12

	Perceived Higher-Order Thinking Skills (HOTS)
	15
	.85
	None
	15

	Sustainable Teaching Efficacy (STE)
	11
	.81
	1 removed
	10


Note. Pilot α values exceed the .70 acceptable threshold (Nunnally, 1978) and the .80 threshold for established scale adaptations (DeVellis, 2016). For STE, the 11-item pilot included the technology-equity item later removed following both the CVI review and pilot analysis.
5. Main Study Confirmatory Measurement Quality for STE
Measurement quality for all subscales was assessed in the main study (N = 520) via covariance-based CFA in AMOS 26.0 and PLS-SEM in SmartPLS 4.0. CFA confirmed STE loaded on a single factor, distinct from HAIQ, GAISRL, and HOTS. Key indices are reproduced below.
Table S3
Main Study Measurement Quality for the STE Subscale (N = 520)
	Subscale
	Items
	α
	ω
	CR
	AVE
	HTMT (max)
	Min. loading
	VIF

	Sustainable Teaching Efficacy (STE)
	10
	.84
	.85
	.85
	.51
	.58
	.54
	n/a


Note. α = Cronbach's alpha; ω = McDonald's omega; CR = composite reliability; AVE = average variance extracted; HTMT = maximum pairwise heterotrait–monotrait ratio. AVE > .50 confirms convergent validity (Fornell & Larcker, 1981). HTMT < .85 confirms discriminant validity (Henseler et al., 2015). Factor loadings ranged from .54 to .73 (all p < .001). VIF = n/a because STE is an endogenous outcome only. Overall CFA fit: χ²(1,246) = 1,894.22, CFI = .95, RMSEA = .032, SRMR = .049.
6. Summary
The STE subscale is a theoretically grounded and empirically supported adaptation of the TSES anchored in Bandura's (1997) social cognitive theory, UNESCO (2021) competency guidance, and SDG 4.5/4.7 policy imperatives. Content validity (S-CVI/Ave = .84), pilot reliability (α = .81), and main study measurement quality (CR = .85, AVE = .51, HTMT ≤ .58) collectively support the construct validity of STE as adapted for this study. Independent replication across diverse national contexts is warranted as a next step.
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