Additional file 3. Development of the coding framework and final themes
This supplementary table documents the progression from the initial descriptive coding framework developed in Quirkos® to the four final themes reported in the manuscript. Initial code labels were translated from Spanish and lightly standardized for academic English without changing their meaning. During iterative analysis and manuscript development, codes were compared, reorganized, and conceptually refined. Accordingly, some codes informed more than one final theme, whereas some descriptive codes were retained only as contextual material rather than as standalone thematic content.
Table 1. Initial codes and their relationship to final themes
	Initial broad category
	Initial code/subcode
	Analytic refinement in the final analysis
	Final theme(s) or analytic disposition

	Prior knowledge and experiences
	Previous UGVA experience
	Heterogeneous prior exposure linked to clinical placement opportunities and incidental learning experiences.
	Theme 1. Uneven clinical exposure and limited formal preparation for UGVA

	Prior knowledge and experiences
	Pre-workshop understanding of UGVA
	General pre-workshop perceptions of ultrasound guidance as facilitating correct vessel access, procedural precision, and safer cannulation.
	Theme 2. Visual guidance and procedural reasoning

	Prior knowledge and experiences
	Previous formal theoretical preparation
	Inconsistent or superficial formal preparation before clinical exposure, highlighting the absence of a common educational sequence.
	Themes 1 and 4

	Prior knowledge and experiences
	Foundational knowledge
	Importance of theoretical foundations for understanding ultrasound principles and preparing for subsequent practical learning.
	Themes 1 and 4

	Prior knowledge and experiences
	Previous practical experience without theoretical preparation
	Clinical or supervised practical exposure occurring before structured theoretical preparation or simulation.
	Themes 1 and 4

	Challenges of UGVA
	Areas for further learning
	Recognition of remaining learning needs, including preparation for complications and the need for continued practice beyond the workshop.
	Themes 3 and 4

	Challenges of UGVA
	Difficulties
	Difficulty identifying anatomical structures was refined into more specific visual and procedural challenges encountered during hands-on practice.
	Theme 3. Simulation as a context for recognizing specific learning challenges

	Challenges of UGVA
	Differences between simulation and clinical practice
	Recognition that simulated practice does not reproduce all conditions of routine clinical use and that further supervised progression is required.
	Theme 4. Learning UGVA depended on curricular and material conditions

	Perceived contribution of UGVA to nursing practice
	Post-workshop understanding of UGVA
	A more concrete understanding of UGVA as requiring simultaneous image interpretation, transducer manipulation, and procedural coordination.
	
	Theme 2. Visual guidance and procedural reasoning

	Perceived contribution of UGVA to nursing practice
	Patient safety
	Perceived benefits related to correct catheter placement, fewer repeated punctures, and prevention of adverse events.
	Theme 2. Visual guidance and procedural reasoning

	Perceived contribution of UGVA to nursing practice
	Perceived safety for nurses
	Perceived reassurance and reduced uncertainty about catheter placement, interpreted as a view of procedural safety rather than evidence of competence.
	Theme 2. Visual guidance and procedural reasoning

	Feelings and emotions
	Expectations
	Pre-workshop curiosity, nervousness, uncertainty, and expectations related to vessel differentiation, transducer positioning, and procedural performance.
	Theme 3. Simulation as a context for recognizing specific learning challenges

	Feelings and emotions
	Learning-related aspirations and feelings
	Interest in learning and emotional responses to performing UGVA were incorporated into the broader pattern of anticipated and experienced learning challenges.
	Theme 3. Simulation as a context for recognizing specific learning challenges

	Feelings and emotions
	Views of UGVA
	Perceptions of ultrasound guidance as an alternative to non-visualized cannulation and as relevant to technologically informed nursing practice.
	Theme 2. Visual guidance and procedural reasoning

	Feelings and emotions
	Most useful aspects of the workshop
	Hands-on use of the ultrasound machine helped students recognize specific demands that required further practice.
	Theme 3. Simulation as a context for recognizing specific learning challenges

	Feelings and emotions
	Perceptions of workshop methodology
	Positive descriptions of the workshop methodology were retained as contextual information but did not constitute a standalone final theme.
	Contextual/descriptive material; not retained as a distinct final theme


Note. UGVA, ultrasound-guided vascular access. Theme numbering and wording correspond to the final Results section of the manuscript. The relationship between initial codes and final themes is not necessarily one-to-one.
2

