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Abstract
Transitioning from multi-port to single-port robotic systems in urologic surgery requires significant team adaptation; 
however, the experience of clinicians during this shift remains underexplored. Therefore, this study aims to examine 
the effect of single-port transition training on learning experiences and perceived readiness among healthcare providers, 
using Kolb’s experiential learning theory. Eleven physicians and 22 operating room nurses completed phased single-port 
transition training at a university hospital in Seoul (February–May 2025) and responded to open-ended questionnaires 
analyzed using Braun and Clarke’s thematic analysis. Most experiences aligned with Kolb’s learning cycle: concrete expe-
rience with single-port articulation, reflective comparison of single- and multi-port routines, abstract conceptualization of 
single-cannula principles, and active experimentation with collision prevention and workflow strategies. Some experienced 
physicians reported limited learning gains, suggesting that prior expertise reduces engagement. Nurses emphasized dock-
ing efficiency and spatial management, whereas physicians prioritized articulation control and technique refinement. Both 
groups reported greater confidence and interprofessional coordination. These findings suggest that integrating hands-on 
practice with structured reflection supports adaptation; however, the relationship between perceived readiness and clinical 
performance requires further investigation.
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Experiential learning in urologic single-port robotic surgery transition 
training: a qualitative descriptive study
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Introduction

Robotic surgery is a key innovation in minimally invasive 
procedures and a standard treatment modality for major 
malignancies in urology, gynecology, and general sur-
gery [1, 2]. In the Republic of Korea, its use has expanded 
rapidly since its introduction in 2005 [3]. Early develop-
ment focused on multi-port (MP) systems; however, recent 
advances have shifted attention to single-port (SP) plat-
forms, enabling single-incision surgery with less invasive-
ness and better cosmetic outcomes [4]. A systematic review 
shows that SP platforms have safety and efficacy compara-
ble to those of conventional MP approaches, with potential 
advantages in cosmetic satisfaction and reduced postopera-
tive pain [5].

The da Vinci SP system inserts three robotic arms and a 
camera through a single cannula, improving access to con-
fined anatomical spaces such as the deep pelvis in radical 
prostatectomy and the retroperitoneum in partial nephrec-
tomy [6, 7]. Unlike MP systems with independently mov-
ing arms, SP systems require articulating instruments to 
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be manipulated in confined spaces, necessitating different 
spatial perception and instrument-control skills [8]. Addi-
tionally, the single-cannula configuration alters team posi-
tioning, port-site access, and intraoperative coordination, 
requiring individual skill adaptation and team-wide adjust-
ments in communication and workflow.

These platform-specific demands create educational chal-
lenges, as MP-oriented training may not cover competen-
cies required for SP practice. SP transition training typically 
combines simulation-based skill drills, hands-on practice 
with animal tissue models, and team-based rehearsals 
designed to develop SP-specific competencies in instrument 
articulation, docking, and workflow coordination. Effec-
tive robotic surgery requires advanced spatial perception, 
refined hand–eye coordination, and coordinated team-based 
performance [9, 10]—competencies that warrant structured 
training rather than simple skill transfer [11]. In robotic sur-
gery, perioperative nurses perform critical functions, includ-
ing system docking and undocking, instrument exchange, 
intraoperative troubleshooting, and real-time spatial coordi-
nation with console surgeons. These responsibilities expand 
substantially during SP procedures owing to the constrained 
single-cannula workspace and altered port-site geometry. 
However, current curricula primarily emphasize simulator-
based technical skill acquisition and individual performance 
metrics [12, 13], with limited emphasis on team adaptation 
to new platforms. Although emerging evidence suggests that 
interdisciplinary robotic surgery training improves work-
flow efficiency and reduces procedural errors [14, 15], sys-
tematic reviews report a persistent gap between team-level 
challenges and available interventions in robotic-assisted 
surgery [16]. Previous survey-based research identifies bar-
riers in robotic surgery training, including limited hands-on 
exposure and limited trainee autonomy [17, 18]; however, 
studies qualitatively examining the transition from the per-
spective of the entire surgical team remain limited.

Kolb’s experiential learning theory [19] holds that effec-
tive learning follows a four-stage cycle—concrete experi-
ence, reflective observation, abstract conceptualization, 
and active experimentation—turning experience into prac-
tical wisdom [20]. Robotic surgery education aligns with 
this framework by integrating simulation-based practice, 
structured feedback, conceptual learning, and supervised 
clinical application [21]. Despite this alignment, empiri-
cal studies examining the experience of healthcare provid-
ers with robotic surgery education remain limited. Existing 
research primarily focuses on the technical skill acquisition 
of surgeons [22, 23] rather than that of the entire surgical 
team, including nurses in essential perioperative roles [24, 
25]. Qualitative research on the adaptation of perioperative 
nurses to robotic surgery highlights challenges, including 
role ambiguity, insufficient training, and technology-related 

stress [26, 27], highlighting the need to examine physician 
and nurse perspectives during platform transitions.

Therefore, this study aims to examine the effect of SP 
robotic surgery education on the learning experiences of 
healthcare providers, using Kolb’s experiential learning 
theory. It addresses three questions: (1) How do SP tran-
sition training experiences align with Kolb’s experiential 
learning cycle? (2) What educational outcomes result from 
experiential learning? (3) How do learning experiences dif-
fer between physicians and nurses?

Addressing these questions is essential for developing 
evidence-based curricula that support safe and effective 
team-based adoption of emerging SP platforms, particularly 
as institutions increasingly transition from established MP 
systems.

Materials and methods

Study design and setting

In this qualitative descriptive study, the learning experi-
ences of healthcare providers during early SP robotic sys-
tem adoption, grounded in pragmatic epistemology and 
guided by Kolb’s experiential learning theory, were investi-
gated [28, 29]. A qualitative descriptive design was used to 
capture the subjective accounts of training experiences of 
participants in their own terms rather than to generate theory 
or interpret the essence of lived experience. A single-site 
design enabled in-depth exploration in a consistent institu-
tional and curricular context during early adoption.

The study was conducted between February and May 
2025 at a 700-bed tertiary center in Seoul that performs 
over 700 robotic surgeries annually. After introducing the da 
Vinci SP system alongside the existing Xi system, the insti-
tution implemented targeted transition training based on 
the da Vinci Technical Training Pathway (Intuitive Surgical 
Korea, Inc., Seoul, Republic of Korea). This study focused 
on initial transition phases—didactic instruction, simula-
tion, and supervised rehearsal—excluding later surgeon-led 
mentorship stages (TR-200 to TR-500). One investigator 
(S.Y.C.) was the lead SP surgeon, while two (Y.G.K. and 
C.W.K.) had no direct program involvement, enabling 
insider and outsider perspectives.

Participant selection and characteristics

Criterion-based purposive sampling was used to recruit all 
physicians and operating room (OR) nurses who completed 
SP transition training during the study period; inclusion 
criteria were (1) SP training completion during the study 
period, (2) current or anticipated involvement in robotic 
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surgery workflows, and (3) questionnaire completion. 
Exclusion criteria included individuals without periopera-
tive roles and questionnaires lacking sufficient content for 
coding. Of the 38 eligible personnel, 33 returned completed 
questionnaires (86.8% response rate), including 11 physi-
cians and 22 OR nurses. The sample size was guided by 
the concept of information power, based on the narrow 
study aim, specific participant group, and theory-informed 
analytical framework [29]. Table 1 summarizes participant 
characteristics.

Training program curriculum

The training program followed the da Vinci Technical Train-
ing Pathway, comprising three sequential phases (Fig. 1).

The didactic phase comprised online modules followed 
by on-site sessions (2–3 h for surgeons; 4 h for nurses) cov-
ering system operations, including the custom remote center 
(CRC), and navigator interpretation for nurses.

The simulation phase included simulator drills and a 
full-day animal tissue laboratory (TR-100, ~ 8  h) focused 
on articulation, suturing, energy application, and dissection 
skills.

The supervised rehearsal phase bridged simulation and 
independent practice through team-based rehearsals preced-
ing the first clinical case.

Surgeons received approximately 19–20  h of train-
ing, and nurses received 20 h across 3–4 sessions (Fig. 1). 

Table 2 compares MP and SP curricula based on system type 
and professional role.

All sessions were led by certified clinical application 
specialists under the supervision of experienced console 
surgeons. Completion required fulfilling all components 
sequentially, including simulator proficiency benchmarks, 
TR-100 completion, and rehearsal participation. No formal 
pass/fail threshold was set; real-time instructor feedback 
was the primary method for identifying skill deficits.

Data collection

Data were collected using structured open-ended question-
naires administered in person on paper within the institu-
tional educational quality assurance process. Questionnaires 
were distributed by two investigators (Y.G.K. and C.W.K.), 
not involved in training delivery, with voluntary partici-
pation and no effect of responses on training evaluation. 
Written questionnaires were used instead of interviews to 
accommodate clinical scheduling constraints [30], allow 
reflective responses [31], and minimize social desirability 
bias in hierarchical clinical settings [32].

Questionnaire items were developed from Kolb’s four 
experiential learning stages, supported by a literature review 
and consultation with three experts in medical education 
and robotic surgery. Items were refined through pilot test-
ing with three healthcare providers excluded from the main 
analysis, with feedback leading to the rewording of two 

Fig. 1  Overview of the da Vinci 
technical training pathway and 
study scope. Note: The training 
pathway comprised three phases 
examined in this study (didac-
tic, simulation, and supervised 
rehearsal) and subsequent clinical 
mentorship stages (TR-200 to 
TR-500) beyond the study scope. 
Role-specific training hours and 
session structures are indicated 
for surgeons and nurses. SP, 
single-port; CRC, custom remote 
center; TR, training; h, hours

 

Characteristic Physicians (n = 11) Nurses (n = 22)
Sex, n (%)
Female 1 (9.1) 19 (86.4)
Male 10 (90.9) 3 (13.6)
Clinical experience, years
Median (range) 10 (1–20) 5.5 (1–18)
≤ 5 years, n (%) 3 (27.3) 12 (54.5)
6–10 years, n (%) 3 (27.3) 5 (22.7)
11–20 years, n (%) 5 (45.5) 5 (22.7)

Table 1  Participant characteristics 
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items for clarity. Separate questionnaires were developed 
for physicians and nurses.

The physician questionnaire comprised five open-ended 
items addressing: (1) memorable learning experiences; 
(2) knowledge and skills acquired and their clinical appli-
cation; (3) strengths and limitations of practice-centered 
training; (4) learning barriers; and (5) suggestions for pro-
gram improvement. The nurse questionnaire included par-
allel items adapted to perioperative responsibilities; item 4 
was modified to address perceived changes in professional 
expertise and team collaboration, reflecting the central 
role of interprofessional coordination in bedside nursing 
practice during robotic surgery. This role-specific adapta-
tion was informed by literature indicating that the learning 
needs of perioperative nurses in robotic surgery are closely 
linked to team dynamics and workflow coordination [24, 
27], whereas the learning challenges of physicians are more 
frequently related to individual skill acquisition and prior 
expertise [17, 18]. Both questionnaires captured sex and 
years of clinical experience (Supplementary Material 1).

Questionnaires were distributed within 1 week after 
training completion. Participants completed them individu-
ally in 20–30 min. Responses were collected in Korean and 
translated into English using a consensus-based process: a 
bilingual researcher (Y.G.K.) performed the initial forward 
translation, and a second bilingual team member (S.Y.C.) 
independently reviewed it against the original Korean text. 
Discrepancies were resolved through discussion until con-
sensus was achieved. Although a formal back-translation 
was not performed, the dual-reviewer process ensured that 

translated quotations preserved the meaning and nuance of 
the original responses.

While written questionnaires do not allow real-time 
probing as interviews, the structured open-ended for-
mat with multiple items per domain elicited substantive 
responses from most participants. Adequacy of data depth 
was assessed during analysis; responses comprising single-
word answers or minimal content (n = 3 items across all par-
ticipants) were retained for coding but classified as thin data 
segments.

Data analysis

Data were analyzed using Braun and Clarke’s six-phase 
thematic analysis [33]: familiarization, initial coding, 
theme development, theme review, theme definition and 
naming, and report production. A hybrid inductive–deduc-
tive approach was used, with Kolb’s experiential learning 
cycle serving as a deductive sensitizing framework, while 
subthemes emerged inductively from the data. Coding 
was performed manually using Microsoft Word and Excel 
(Microsoft Corporation, Redmond, WA, USA), selected for 
accessibility and transparency in maintaining an audit trail 
of coding decisions.

Three researchers independently reviewed de-identified 
responses and generated initial codes, yielding 142 codes 
across the three coders. Codes were compared during itera-
tive meetings (four meetings over 6 weeks); discrepancies 
were resolved through consensus, resulting in 47 unique 
codes.

Table 2  Comparison of da Vinci robotic surgery training curricula based on system type and professional role
Component aMP SP
Panel A: Surgeon Training Curriculum
Target participants Surgeons intending to perform MP robotic surgery Surgeons intending to perform SP robotic surgery 

(typically with Xi experience)
Educational objectives Understanding MP system characteristics Understanding SP system characteristics
Theoretical education Online training module completion Online training module completion
System in-service (1) Patient cart: arm/port clutch, port placement, I&A intro-

duction, endoscope features, instrument insertion/removal, 
and fault recovery; (2) Surgeon console: basic information, 
pedal control, endoscope control, and touchpad

(1) Patient cart: all MP components plus CRC, 
camera positioning, and arm pitch limits; (2) Surgeon 
console: basic information, pedal control, SP con-
cepts; (3) Console mode practice, and touchpad

Skills drills Simulator training: range of motion, suturing practice, sea 
spikes, energy application, advanced techniques, and node/
vessel dissection

Simulator training: range of motion, suturing 
practice, sea spikes, energy application, ring roller 
coaster, and node/vessel dissection

Panel B: Nurse Training Curriculum
Target participants Nurses participating in MP robotic surgery Nurses participating in SP robotic surgery (most with 

Xi training experience)
Educational objectives (1) General robotic surgery concepts; (2) Xi system under-

standing; (3) Assistant role acquisition
(1) SP system understanding; (2) Assistant role 
acquisition

Theoretical education Online training module; on-site lecture Online training module; on-site lecture
Training agenda (1) Robot-assisted surgery overview; (2) da Vinci Xi system 

overview; (3) da Vinci Xi system docking practicum
(1) da Vinci SP system overview; (2) da Vinci SP sys-
tem docking practicum; (3) Navigator interpretation

aMP, multi-port; SP, single-port; I&A, instruments and accessories; CRC, custom remote center. The training program was conducted in col-
laboration with Intuitive Surgical, Inc
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Conceptually related codes were grouped into candidate 
themes, reviewed for coherence, and defined. While Kolb’s 
experiential learning cycle guided the overall thematic 
structure, subthemes were derived inductively, and data not 
aligning with the framework were not forced into it (Fig. 2).

Methodological rigor

Trustworthiness was ensured using Lincoln and Guba’s 
criteria [34]. Credibility was established through investi-
gator triangulation: three researchers with complementary 
expertise—medical education and qualitative methodol-
ogy (Y.G.K.), clinical urology with SP experience (S.Y.C.), 
and simulation-based education (C.W.K.)—independently 
coded the data and refined interpretations through consen-
sus. To reduce social desirability bias, one researcher con-
ducted SP training, while two other researchers distributed 
and collected anonymous questionnaires. Member checking 
was not performed because the anonymous questionnaire 
design precluded respondent re-identification; instead, cred-
ibility was strengthened through investigator triangulation 
and iterative consensus coding. Transferability was sup-
ported through a thick description of the training context, 

participant characteristics, and institutional setting, enabling 
readers to assess applicability in other contexts.

Results

Experiential learning through single-port robotic 
transition training

Concrete experience: embodied exposure to unfamiliar 
technical ecology

Participants consistently identified hands-on engagement 
with the SP platform as the primary learning entry point. 
This concrete experience involved SP-specific articula-
tion within the constrained single-cannula workspace, dis-
tinct from routine MP practice. Many accounts highlighted 
embodied learning and the recalibration of sensorimotor 
expectations rather than simple knowledge acquisition.

Direct operation of the da Vinci system, replac-
ing robotic arm manipulation, and learning through 
hands-on interaction enhanced understanding and 
facilitated practical application. (Nurse 1, 10 years)

Fig. 2  Mapping of Kolb’s experiential learning cycle to SP robotic 
transition training. Participant learning narratives were structured into 
the following four iterative stages: concrete experience (hands-on SP 
console engagement), reflective observation (comparison of SP ver-
sus MP practices), abstract conceptualization (formulation of single-

cannula constraints and role adjustments), and active experimentation 
(application of strategies in the OR). A subset of experienced practitio-
ners reported limited engagement with the full cycle (Sect.  3.6). SP, 
single-port; MP, multi-port; OR, operating room; CRC, custom remote 
center
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Nurses reported that lecture-based instruction alone did not 
provide the practical readiness achieved through hands-on 
experience. Physicians described the concrete experience 
as a safe environment for practicing SP-specific challenges, 
including instrument collision and restricted working angles.

Simulation training using the robot was highly engag-
ing; displaying scores fostered competitiveness and 
enabled tracking of skill progression. (Physician 4, 4 
years)

Practicing with animal models simulating realistic 
clinical environments was particularly informative. 
(Physician 9, 20 years)

Reflective observation: reframing multi-port habits

After hands-on exposure, participants reflected on differ-
ences between the MP and SP systems, identifying habits 
that were ineffective under SP constraints. Nurses empha-
sized safety and workflow stability, highlighting increased 
sensitivity to docking and spatial positioning.

Careful consideration of patient positioning and dock-
ing location enabled safer surgeries. (Nurse 2, 15 
years)

Physicians highlighted adaptation of techniques, espe-
cially fine motor control and suturing. Reflective observa-
tion served as a bridge between action and understanding, 
enabling participants to distinguish skills transferable from 
MP systems from those requiring relearning for SP systems.

Abstract conceptualization: formulating principles under 
single-cannula constraints

Hands-on engagement followed by reflection led to 
the development of new operational principles. Nurses 
described a shift from passive support to proactive system 
management.

Increased understanding of the robotic system enabled 
anticipation of a transition from passive participation 
to active contribution. (Nurse 7, 2 years)

Physicians conceptualized principles including alignment, 
remote center logic, and collision geometry. Concepts such 
as the CRC served as anchors for understanding perfor-
mance failures and prevention strategies.

Understanding the CRC highlighted the importance of 
accurate alignment. (Physician 8, 3 years)

Overall, abstract conceptualization encompassed cognitive 
understanding, role clarification, and insight into SP-spe-
cific coordination patterns distinct from MP systems.

Active experimentation: translating principles into 
operating-room strategies

Participants applied newly formulated principles through 
active experimentation in clinical or near-clinical settings. 
Nurses developed bedside strategies, including instru-
ment insertion management and optimization of spatial 
coordination.

When instrument insertion was difficult, applying 
methods learned during training enabled easier inser-
tion. (Nurse 21, 4 years)

Physicians described experimentation as MP technique 
adaptation to SP mechanics, refinement of motion economy, 
and consolidation of control strategies.

Through training, previously vague concepts became 
concrete, supporting adaptation from MP to SP sur-
gery. (Physician 5, 10 years)

Across professions, active experimentation completed the 
learning cycle by translating new understanding into action-
able routines, with confidence increasing as strategies were 
tested and validated.

Outcomes observed across the experiential learning 
cycle

Professional capability development

Participants reported growth in technical familiarity, work-
flow competence, and interprofessional coordination. 
Nurses associated increased understanding of the robotic 
system with expanded bedside roles, while physicians 
emphasized that training facilitated structured integration of 
SP-specific innovations.

As understanding of the robotic system increased, 
scrub nurses adjusted robotic arms, supporting 
smoother interprofessional cooperation. (Nurse 20, 1 
year)
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The training enabled systematic learning of SP fea-
tures, progressing from foundational functions to 
advanced capabilities. (Physician 11, 10 years)

Psychological readiness and confidence

Confidence increased as participants transformed unfamil-
iar tasks into experiential familiarity through hands-on prac-
tice and reflective learning. This confidence was attributed 
to specific experiential mechanisms, including practice, 
troubleshooting, and guidance-based learning strategies.

Acquiring professional tips enhanced confidence in 
performing docking procedures successfully. (Nurse 
19, 3 years)

Teamwork and shared mental models

Participants valued joint training for clarifying role-spe-
cific constraints and aligning expectations. Collaboration 
improved through shared experience, reflection, and prac-
tice—representing an interprofessional application of the 
experiential learning cycle.

During actual surgery, joint training facilitated 
smoother workflow progression and enhanced collab-
orative problem-solving. (Nurse 1, 10 years)

Performing mock surgery with the console sur-
geon clarified challenges experienced by nurses and 
improved communication expectations. (Nurse 21, 4 
years)

Physicians also recognized the importance of team 
coordination. One physician emphasized the need 
for expanded collaborative training: “Future train-
ing should provide more opportunities for surgical 
assistants” (Physician 9, 20 years), acknowledging 
that effective SP adoption depends on coordinated 
interprofessional preparation. As noted in the Meth-
ods section, the physician questionnaire focused on 
individual learning barriers rather than team collabo-
ration, reflecting the console-based nature of the sur-
geon role, whereas the nurse questionnaire included a 
dedicated item on professional role and collaboration, 
consistent with the interprofessional bedside practice 
demands. This role-specific questionnaire design may 
partly explain the greater emphasis on teamwork nar-
ratives among nurses in this subsection.

Profession-specific learning patterns

Learning priorities differed based on professional role: 
nurses focused on bedside workflow and space manage-
ment, while physicians emphasized technical refinement 
and precision control at the console. Figure  3 illustrates 
differences across primary focus areas, learning mecha-
nisms, and outcomes, highlighting shared benefits including 
increased confidence, enhanced interprofessional collabora-
tion, and safer SP adoption.

Rather than mastering isolated tasks, nurses described 
SP adoption as transforming the entire perioperative work-
flow, requiring system-wide understanding and anticipatory 
coordination. Conversely, physicians emphasized techni-
cal refinement under SP-specific constraints, including 
articulated joint control, collision avoidance, and fine motor 
calibration.

Improperly performed motions increased the risk of 
damage to surrounding structures. The structured 
apparatus for practicing challenging movements was 
particularly valuable. (Physician 10, 4 years)

Conditions associated with effective learning

Participants identified training features supporting progres-
sion through the experiential learning cycle. Structured 
sequencing and progress tracking facilitated abstract con-
ceptualization, while hands-on practice enabled learning 
beyond self-study. Additionally, real-time instructor guid-
ance enhanced sustained focus and enabled rapid adjust-
ment, aligning with reflective observation and active 
experimentation.

Operating equipment with real-time guidance pro-
vided immediate feedback, enabling visual learning 
through practice. (Nurse 13, 6 years)

Areas for improvement

For routine practice, participants emphasized the need for 
more frequent training, as single sessions were considered 
insufficient. Expanding team-based training components 
was perceived as important for strengthening shared mental 
models and coordinated responses.

Deployment after a single training session was chal-
lenging; nurses require sufficient practice and expo-
sure to different surgical cases. (Nurse 10, 12 years)

Future training should provide more opportunities for 
surgical assistants. (Physician 9, 20 years)
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Table  3 presents representative quotations mapped to 
Kolb’s four experiential learning stages based on profes-
sional group, including responses outside the theoretical 
framework.

Data not aligning with Kolb’s experiential learning 
cycle

While most participant narratives aligned with Kolb’s four-
stage framework, a subset did not clearly fit within the expe-
riential learning cycle. These responses were separately 
coded to maintain analytical transparency.

First, several experienced physicians (≥ 10 years of 
robotic surgery experience) reported limited perceived 
learning gains from the training program. One physician 
noted: “Since I already had extensive robotic surgery expe-
rience, the training served more as a refresher than a sig-
nificant educational experience” (Physician 11, 10 years). 
Another stated: “The training content was relatively simple 
and straightforward; nothing was particularly noteworthy” 
(Physician 2, 18 years). A third observed: “No substantial 
difference was perceived compared with other surgical 
training programs” (Physician 3, 20 years).

Second, one physician explicitly identified prior MP 
expertise as a barrier to engagement: “The overconfidence 
from extensive MP experience—assuming SP would not be 

significantly different—hindered learning” (Physician 5, 10 
years).

Third, some responses focused primarily on logistical and 
practical concerns—including scheduling difficulties, travel 
burden to training centers, and time constraints for complet-
ing required modules—rather than on learning processes.

In summary, three categories of responses fell outside 
Kolb’s four-stage framework: limited perceived learning 
gains among experienced physicians, prior expertise as a 
barrier to engagement, and logistical concerns unrelated to 
learning processes.

Discussion

Theoretical contributions

This study provides qualitative evidence supporting Kolb’s 
experiential learning theory as a robust framework for 
understanding the transition to SP surgery. The findings 
indicate that this transition extends beyond technical skill 
acquisition to include unlearning established MP practices 
and reorganizing sensorimotor coordination for single-can-
nula geometry. Most learning narratives followed the four-
stage experiential cycle.

Fig. 3  Profession-specific learning patterns observed in SP robotic 
transition training. Nurses focused on docking efficiency, surgical 
space management, and troubleshooting, while physicians empha-

sized articulation control, collision prevention, and force calibration. 
OR, operating room; MP, multi-port; CRC, custom remote center; SP, 
single-port
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However, physicians with extensive MP experience 
report limited engagement, suggesting that Kolb’s expe-
riential cycle is potentially most applicable when learners 
encounter sufficient novelty. This is consistent with adult 
learning theory, suggesting that prior knowledge both facili-
tates and constrains new learning [19]. One physician iden-
tified “overconfidence from extensive MP experience” as a 
barrier, and logistical factors emerged as contextual influ-
ences independent of the experiential cycle. Studies report 
similar findings in robotic surgery education [17, 18]. Col-
lectively, Kolb’s framework is most applicable when train-
ing is transformative rather than incremental.

Synergistic effects of profession-specific expertise

Profession-specific learning emphases emerged in response 
to structural constraints of the SP system. Nurses highlighted 

workflow coordination, docking precision, and bedside 
workspace management—collectively conceptualized as 
“surgical space management.” This finding is consistent 
with those of qualitative studies showing that perioperative 
nurses in robotic surgery develop anticipatory coordination 
and troubleshooting capabilities [27, 35]. It also aligns with 
studies showing role expansion beyond traditional periop-
erative functions, with skills often acquired through infor-
mal, practice-based learning rather than structured curricula 
[26, 27].

In contrast, physicians emphasized adaptation to SP-spe-
cific technical demands, including triangulation within the 
single-cannula workspace, instrument collision avoidance, 
and recalibration of force feedback. These findings are con-
sistent with those of simulation-based studies showing that 
MP skills do not readily transfer to SP platforms [13].

Table 3  Representative participant quotations mapped to experiential learning themes based on the professional group
Kolb’s experimental 
learning stage

Professional 
group

Representative quotation

Concrete experience Nurse “Direct operation of the da Vinci robot, replacing robotic arms, and hands-on interaction, 
enhanced understanding, and facilitated practical application.” (Nurse 1, 10 years)

Nurse “The training allowed in-person practice with the robotic system, which was beneficial. In routine 
hospital settings, time constraints limited such hands-on opportunities, but the training provided 
sufficient hands-on experience.” (Nurse 2, 15 years)

Physician “Simulation-based robotic training was highly engaging; performance scores promoted competi-
tiveness and enabled monitoring of skill progression.” (Physician 4, 4 years)

Physician “Practice using animal models that closely simulated clinical conditions was particularly informa-
tive.” (Physician 9, 20 years)

Reflective observation Nurse “Careful attention to patient positioning and docking site selection improved surgical safety.” 
(Nurse 2, 15 years)

Nurse “Without this training, assisting in live surgery would have been difficult. Previously unfamiliar 
aspects became clearer, increasing confidence.” (Nurse 14, 3 years)

Physician “Firsthand experience of differences from existing robot system significantly reduced the burden 
of adapting to the new system.” (Physician 5, 10 years)

Physician “Prior training on robotic arm and camera collisions, out-of-range scenarios, and their manage-
ment enabled calm intraoperative responses.” (Physician 8, 3 years)

Abstract 
conceptualization

Nurse “Improved understanding of the robotic system enabled a transition from passive participation to 
active contribution.” (Nurse 7, 2 years)

Nurse “Training enhanced understanding of SP robotic principles and enabled anticipation of potential 
intraoperative challenges.” (Nurse 5, 7 years)

Physician “Understanding the aCRC highlighted the importance of precise alignment.” (Physician 8, 3 years)
Physician “The training clarified that the CRC in SP system is larger and allows a wider range of motion 

than that in Xi systems, making precise alignment critical.” (Physician 8, 3 years)
Nurse “When instrument insertion was challenging, applying techniques learned during training enabled 

relatively easy insertion.” (Nurse 21, 4 years)
Nurse “During surgery, joint training facilitated a smooth workflow and enhanced collaborative 

problem-solving.” (Nurse 1, 10 years)
Physician “Training transformed previously vague concepts into concrete understanding, supporting adapta-

tion from MP to SP surgery.” (Physician 5, 10 years)
Physician “Direct system operation and exposure to real problems rather than passive instruction made 

learning memorable and readily applicable in clinical procedures.” (Physician 8, 3 years)
Outside framework Physician “Given prior extensive experience in robotic surgery, the training served primarily as a refresher 

rather than a significant learning experience.” (Physician 11, 10 years)
Physician “Overconfidence from extensive multi-port experience hindered learning.” (Physician 5, 10 years)

aCRC, custom remote center; MP, multi-port; SP, single-port
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With increasing system knowledge, nurses reported a 
shift from peripheral to more active engagement, consistent 
with situated learning theory [36] and findings that trained 
robotic surgery nurses exhibit faster adaptation and greater 
innovativeness [30].

Design principles for robotic surgery education

Participant accounts suggest several practical implications 
as context-sensitive recommendations for single-site SP 
training.

First, transition-focused curricula targeting SP-specific 
“gap areas” among experienced MP users were most effec-
tive when highlighting novel system constraints rather than 
generic robotic fundamentals. This is consistent with pre-
viously proposed competency-stratified curricula [37]. The 
phased training pathway used in this study may serve as a 
template for similar platform transitions.

Second, immediate feedback facilitated rapid correction 
of MP-derived habits, consistent with models emphasizing 
timely coaching [38].

Third, joint training enlightened surgeons about bedside 
constraints and enabled nurses to anticipate intraoperative 
needs, consistent with evidence that team training enhances 
workflow efficiency [14, 15] and systematic reviews high-
lighting the need for team-based interventions in robotic-
assisted surgery [16].

Fourth, limited learning gain reported by some experi-
enced physicians suggests that transition curricula may 
benefit from differentiated, experience-based pathways, 
including abbreviated foundational modules and extended 
advanced application sessions for experienced practitioners.

Limitations

This study has some limitations.
First, this single-institution study was conducted at a 

high-volume tertiary center with established Xi-based prac-
tice, potentially limiting the generalizability of the findings. 
Institutions with differing surgical volumes, baseline robotic 
experience, or organizational cultures may exhibit different 
learning trajectories. Additionally, the homogeneous con-
text—shared protocols, a consistent training team, and a 
single specialty—further constrains transferability. Second, 
reliance on self-reported data reflects perceived rather than 
objectively measured skills; therefore, readiness and con-
fidence should be interpreted as subjective improvements. 
Third, the cross-sectional design precluded assessment of 
long-term retention. Fourth, subsequent mentorship stages 
(TR-200 to TR-500) were not captured in this study. Fifth, 
the use of written questionnaires, rather than face-to-face 
interviews, may have limited response depth by precluding 

real-time probing and follow-up. This approach was adopted 
to reduce social desirability bias in a hierarchical clinical 
setting and accommodate clinical scheduling constraints; 
nevertheless, future studies could use semi-structured 
interviews to generate richer qualitative data. Sixth, demo-
graphic data were limited to sex and years of clinical expe-
rience, as the questionnaires were originally designed for 
educational quality assurance rather than research purposes. 
The lack of data on professional level, subspecialty, prior 
MP experience, and SP exposure limits the interpretation 
of between-participant differences. Seventh, translation of 
responses from Korean to English may introduce interpre-
tative bias. Although a structured dual-reviewer consensus 
process was applied, a formal back-translation procedure 
was not conducted, potentially limiting the verification of 
semantic equivalence. Eighth, as most participants had prior 
MP experience, the findings may not reflect the learning tra-
jectories of novice users.

Conclusions

Hands-on exposure to SP-specific spatial constraints, com-
bined with structured reflection, facilitated reorganization 
of established practices and increased perceived confidence. 
Nurses focused on workflow reliability, while physicians 
emphasized articulation control within confined operative 
fields. Both groups reported improved readiness and inter-
professional coordination; however, experienced physicians 
reported limited learning gain, suggesting that prior exper-
tise may moderate engagement.

As a single-institution study based on self-reported per-
ceptions, these findings should be interpreted as preliminary 
insights. The phased training structure provides a curricular 
framework adaptable to other contexts, though further vali-
dation is required. Future research should include longitu-
dinal studies of skill retention and clinical outcomes across 
the full training pathway (TR-200 to TR-500), multi-institu-
tional comparisons of transition experiences, and objective 
performance metrics to determine whether perceived gains 
translate into measurable clinical improvements.
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