Supplementary file 1. Semi-structured group interview guide

The main topics included:

Which case, activity, or learning material in the micro-videos or workshop impressed you most? Why?

How did you feel when watching recordings of your own or peers’ procedural performance?

Which theoretical content helped you better understand peripheral intravenous therapy?

What did you learn from peer observation and group discussion during the workshop?

How did you experience the simulated clinical situations and scenario-based practice?

Did your thinking, confidence, or clinical behavior change after the program? If so, in what ways?

What suggestions do you have for improving the “online micro-videos plus offline workshop” training format?

Supplementary file 2. Topics, duration, and learning objectives of the micro-video sessions
	Session 
	Topic
	Duration
	Learning objective

	1
	Vascular anatomy, vein assessment, vein selection principles, and use of assessment tools
	14min
	To strengthen theoretical understanding of vessel assessment and decision-making before puncture

	2
	Complete demonstration of PIVC insertion and maintenance without commentary
	13min
	To provide learners with an uninterrupted overview of the complete procedure and procedural sequence

	3
	Comparison of correct and incorrect procedures and review of common errors
	15min
	To help learners recognize error-prone steps and distinguish standardized from non-standardized practice

	4
	Review of newly graduated nurses’ previous PIVC performances
	12min
	To promote reflective observation through comparison with peers’ procedural performance

	5
	Standard operating procedures for PIVC insertion, fixation, and dressing selection
	14min
	To consolidate key procedural steps and standardize insertion and fixation practice

	6
	Flushing and locking techniques, including flushing volume, positive-pressure locking, and common misconceptions
	13min
	To improve understanding of catheter maintenance and prevent inappropriate flushing and locking practice

	7
	Typical clinical cases of PIVC-related problems, including repeated venipuncture failure in older patients and inappropriate flushing or locking procedures
	14min
	To activate learners’ prior clinical experience and help them identify common problems in peripheral intravenous therapy

	8
	Prevention, identification, and management of PIVC-related complications, including phlebitis, infiltration, extravasation, and catheter failure
	15min
	To improve learners’ ability to prevent, identify, and manage PIVC-related complications, including phlebitis, infiltration, extravasation, and catheter failure.


Supplementary file 3. Sensitivity analyses of intervention effects on outcome measures
	Outcome 
	Model
	Adjusted mean difference / β
	95% CI
	p value
	Interpretation

	VIK*
	Primary ANCOVA: adjusted for baseline score
	15.07
	12.93 to 17.22
	<0.001
	Significant

	VIK*
	Sensitivity model 1: additionally adjusted for age, education, department, and PIVC insertions
	11.81
	7.85 to 15..78
	<0.001
	Consistent

	VIK*
	Sensitivity model 2: change-score analysis
	13.66
	11.17 to 16.14
	<0.001
	Consistent

	Operational skill
	Primary ANCOVA: adjusted for baseline score
	8.39
	6.19 to 10.60
	<0.001
	Significant

	Operational skill
	Sensitivity model 1: additionally adjusted for age, education, department, and PIVC insertions
	9.15
	5.17 to 13.14
	<0.001
	Consistent

	Operational skill
	Sensitivity model 2: change-score analysis
	8.27
	5.50 to 11.03
	<0.001
	Consistent

	CCES#
	Primary ANCOVA: adjusted for baseline score
	5.74
	1.99 to 9.48
	0.003
	Significant

	CCES#
	Sensitivity model 1: additionally adjusted for age, education, department, and PIVC insertions
	9.59
	4.51 to 14.67
	<0.001
	Consistent

	CCES#
	Sensitivity model 2: change-score analysis
	6.09
	1.83 to 10.35
	0.005
	Consistent


*VIK:Venous Infusion Knowledge Scale

#CCES:Core Competency Evaluation Scale
