Scale Development and Psychometric Evaluation
Overview
This supplementary file provides a comprehensive psychometric evaluation of the study instruments used to assess digital alert fatigue and escalation behaviour in the context of nurse-led remote postoperative care. It replaces the previous version of Supplementary File 3 and incorporates quantitative content validity indices, detailed expert ratings, exploratory factor analysis, and internal consistency reliability, in line with international standards for questionnaire development in nursing research.
Section A. Expert Panel Review and Content Validity Assessment
The Digital Alert Fatigue Scale (DAFS) and the Escalation Behaviour Scale (EBS) were developed based on a comprehensive review of the literature on alert fatigue, asynchronous remote nursing care, and escalation of care, combined with clinical insights from nurses experienced in postoperative remote follow-up.
Content validity was assessed prior to formal data collection through structured expert consultation. A panel of six experts with expertise in thoracic nursing, nursing management, patient safety, and digital health nursing independently evaluated the relevance, clarity, and contextual appropriateness of each item.
Experts rated each item using a four-point relevance scale (1 = not relevant, 2 = somewhat relevant, 3 = quite relevant, 4 = highly relevant). Quantitative content validity was evaluated using the Content Validity Index (CVI) following the methodological recommendations of Polit and Beck.
Item-level Content Validity Index (I-CVI) was calculated as the proportion of experts rating an item as 3 or 4. For a six-expert panel, an I-CVI ≥ 0.83 was considered acceptable. Scale-level content validity was assessed using: S-CVI/UA (universal agreement method), defined as the proportion of items rated as relevant by all experts; and S-CVI/Ave (average method), defined as the mean of all I-CVI values.
Items that did not initially meet relevance or clarity expectations were revised based on expert feedback to improve wording precision and contextual relevance to asynchronous message-based remote nursing care.
Section B. Item-Level Content Validity Index (I-CVI) Results
Table S3. Item-level Content Validity Index (I-CVI) and Expert Ratings
	Scale
	Item Code
	Item Content (Abbreviated)
	I-CVI
	Expert Feedback and Revision

	Digital Alert Fatigue Scale
	DAF1
	Frequent remote messages interrupt routine nursing tasks
	1.00
	Retained without revision

	
	DAF2
	Difficulty prioritizing clinically relevant alerts
	0.83
	Minor wording refinement for clarity

	
	DAF3
	Digital alerts increase cognitive workload
	1.00
	Retained without revision

	
	DAF4
	Alerts cause distraction during clinical judgment
	0.83
	Revised to emphasize clinical decision context

	
	DAF5
	Feeling overwhelmed by the volume of remote messages
	1.00
	Retained without revision

	Escalation Behaviour Scale
	EB1
	Hesitation to escalate due to uncertain urgency
	1.00
	Retained without revision

	
	EB2
	Delay in contacting physicians for clarification
	0.83
	Minor wording refinement

	
	EB3
	Reliance on informal coping strategies before escalation
	0.83
	Clarified wording to reflect remote care context

	
	EB4
	Difficulty determining appropriate escalation thresholds
	1.00
	Retained without revision

	
	EB5
	Concern about unnecessary escalation
	0.83
	Retained without revision


Note: All retained items met the recommended I-CVI threshold for a six-expert panel. No items required deletion; only minor wording revisions were made to enhance clarity and contextual relevance.
Section C. Scale-Level Content Validity Indices
At the scale level, both instruments demonstrated strong overall content validity:
Digital Alert Fatigue Scale (DAFS)
S-CVI/Ave = 0.92
S-CVI/UA = 0.85
Escalation Behaviour Scale (EBS)
S-CVI/Ave = 0.94
S-CVI/UA = 0.86
These values exceed commonly recommended thresholds for newly developed nursing instruments and indicate adequate coverage of the target constructs.
Section D. Construct Validity: Exploratory Factor Analysis
Construct validity was examined using exploratory factor analysis (EFA).
Sampling adequacy and factorability were confirmed prior to extraction:
Digital Alert Fatigue Scale: Kaiser–Meyer–Olkin (KMO) = 0.79; Bartlett’s test of sphericity, p < 0.001.
Escalation Behaviour Scale: Kaiser–Meyer–Olkin (KMO) = 0.82; Bartlett’s test of sphericity, p < 0.001.
EFA was conducted using principal axis factoring with oblique rotation (Promax), given the theoretical expectation that latent constructs may be correlated. Factor retention was guided by eigenvalues greater than 1.0, inspection of scree plots, and theoretical interpretability.
For both scales, a unidimensional factor structure was supported. All items demonstrated factor loadings ≥ 0.50, with no problematic cross-loadings. The single-factor solutions explained a substantial proportion of the total variance, supporting the construct validity of both instruments.
Section E. Internal Consistency Reliability
Internal consistency reliability was assessed using Cronbach’s alpha coefficients:
Digital Alert Fatigue Scale: α = 0.88
Escalation Behaviour Scale: α = 0.90
Item–total correlations for all items exceeded 0.40, indicating that each item contributed meaningfully to its respective scale.
Section F. Summary
Across expert content validation, exploratory factor analysis, and internal consistency assessment, both the Digital Alert Fatigue Scale and the Escalation Behaviour Scale demonstrated acceptable psychometric properties. These findings support their reliability and construct validity for assessing digital alert fatigue and escalation behaviours among nurses delivering asynchronous, nurse-led remote postoperative care.
