Additional file 1. Description of the implemented ultrasound-guided vascular access workshop
Purpose and scope
The educational activity was a four-hour introductory workshop on ultrasound-guided vascular access (UGVA) for senior undergraduate nursing students. The workshop was adapted from a broader evidence-informed training plan to accommodate the logistical and resource conditions available at the study site. The implemented workshop was intended to provide students with a structured introductory learning experience combining theoretical instruction, familiarization with ultrasound technology, supervised simulated practice, and formative feedback.
The workshop was not designed to establish or certify procedural competence. It did not include vascular access procedures on patients, supervised clinical practice, formal competency assessment, written examinations, or summative evaluation.
Participants and setting
The workshop was delivered to 12 final-semester undergraduate nursing students in an anatomy laboratory. One Mindray DP-30 portable ultrasound system (Shenzhen Mindray Bio-Medical Electronics Co., Ltd., Shenzhen, China) equipped with a 75L38EA linear-array transducer was used during the session. The linear transducer was used for imaging superficial vascular structures during ultrasound familiarization and simulated practice.
Learning outcomes
By the end of the workshop, students were expected to:
· describe relevant peripheral vascular anatomy and basic principles of ultrasonography; 
· become familiar with the basic operation and handling of ultrasound equipment for vascular imaging; 
· recognize vascular structures on ultrasound images and distinguish relevant characteristics of veins and arteries; 
· identify basic indications and patient safety considerations related to UGVA; 
· practice image acquisition and vessel identification in a simulated learning environment; 
· practice coordinating ultrasound visualization with the procedural actions involved in simulated vascular access; and 
· reflect on the potential role of UGVA in nursing practice and patient safety. 
These learning outcomes represented introductory learning goals rather than criteria for demonstrating clinical competence.
Workshop content
The theoretical component addressed peripheral vascular anatomy, basic principles of ultrasonography, ultrasound identification of vascular structures, indications for ultrasound-guided vascular access, and patient safety considerations. Particular attention was given to understanding the relationship between anatomical structures and their ultrasound appearance and to the role of ultrasound visualization in supporting vascular access procedures.
The practical component introduced students to the ultrasound equipment and provided opportunities to become familiar with image acquisition and interpretation. Students practiced identifying vascular structures and coordinating ultrasound visualization with the procedural actions required for simulated vascular access. Practical activities were conducted under supervision and were accompanied by formative feedback from the facilitator.
Instructional sequence
	Component
	Content and learning activities
	Instructional approach

	Introduction and theoretical foundations
	Peripheral vascular anatomy; basic principles of ultrasonography; indications for UGVA; identification of vascular structures; patient safety considerations
	Instructor-led theoretical instruction and discussion

	Ultrasound familiarization
	Introduction to the ultrasound equipment; basic image acquisition; orientation to ultrasound images; recognition of relevant vascular structures
	Demonstration followed by guided familiarization

	Supervised simulated practice
	Vessel identification; image acquisition; coordination of ultrasound visualization with simulated procedural actions
	Hands-on simulated practice under facilitator supervision

	Formative feedback and reflection
	Discussion of difficulties encountered during practice, clarification of concepts, and reflection on the potential application and significance of UGVA in nursing practice
	Ongoing formative feedback and facilitated discussion


Teaching and learning approach
The workshop used a progressive instructional sequence in which theoretical concepts preceded familiarization with the ultrasound equipment and supervised simulated practice. Students were encouraged to interact with the equipment, identify vascular structures, ask questions, and discuss difficulties encountered during the practical activities. Formative feedback was provided throughout the session to clarify concepts and support students as they engaged with the technology and simulated procedural tasks.
Because only one ultrasound machine was available, practical activities were conducted within the resource constraints of the study setting. These conditions formed part of the educational context examined in the study.
Assessment and feedback
No formal or summative assessment of procedural competence was conducted. Students did not receive certification of clinical competence or authorization to perform UGVA independently in clinical practice as a result of participation in the workshop.
Feedback during the session was formative and was intended to support students’ introductory learning, clarify technical and conceptual questions, and guide their engagement with the simulated activities.
Differences between the original training plan and the implemented workshop
The original training plan described a broader educational program that included theoretical and practical components, formal assessment, and supervised clinical activities. Because of logistical and scheduling constraints, the educational activity implemented in this study was reduced to a four-hour introductory workshop conducted in an anatomy laboratory with one ultrasound machine.
Accordingly, components of the original plan involving procedures on patients, supervised clinical practice, written examinations, formal procedural assessment, and a final clinical case project were not implemented. The workshop analyzed in the present study therefore consisted only of the theoretical instruction, ultrasound familiarization, supervised simulated practice, and formative feedback described above.
