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BACKGROUND: Even though suture skills are recog-
nized as important for medical graduates, they are often
underdeveloped due to reduced surgical exposure, lim-
ited feedback opportunities, and constraints on teaching
resources. While various feedback strategies exist to sup-
port skill acquisition, comparative evidence on their
effectiveness from the learner’s perspective is limited.

OBJECTIVE: To assess the impact of 3 feedback modali-
ties: video review alone, video review with structured
self-assessment, and video review with expert feedback,
on the acquisition of basic suture skills among medical
students, using both quantitative and qualitative
methods.

METHODS: Sixty-eight students were randomly assigned
to 3 feedback groups (A: video only, B: video + struc-
tured self-assessment, and C: video + expert feedback).
Each performed a basic suture task (Part A), received
group-specific feedback, and repeated the task (Part B).
Performances were video-recorded and rated by blinded
assessors using a 15-item checklist and a global score.
Additionally, thirteen participants from group C com-
pleted semi-structured interviews on their feedback
experience.

RESULTS: The mean global score rose from 3.24 to 3.52 in
Group A, 3.46 to 3.63 in Group B, and 3.51 to 3.76 in
Group C. ANOVA showed no significant differences
between groups (F(2,65) = 0.669, p = 0.516, np> = 0.020).
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Qualitative findings indicated that expert feedback, partic-
ularly when combined with video review, significantly
enhanced motivation, confidence, and clarity. Group C
participants described shifting from “fear of performing
sutures” to “confidence,” attributing this to the personal-
ized, emotionally supportive feedback.

CONCLUSION: Although performance outcomes were
similar across feedback types, expert feedback offered
unique emotional and cognitive benefits. These findings
support the integration of structured, learner-centered
feedback in surgical training, combining scalability with
pedagogical value. (J Surg Ed 83:103779. © 2025 The
Authors. Published by Elsevier Inc. on behalf of Associa-
tion of Program Directors in Surgery. This is an open
access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/))
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INTRODUCTION

Ensuring that medical students acquire essential proce-
dural competencies remains a persistent challenge, espe-
cially as curricular hours in classrooms expand and
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hands-on clinical exposure diminishes."> Among these
competencies, the ability to perform surgical suturing
holds critical importance, not only as a technical require-
ment for future surgical trainees but also as a core clini-
cal skill linked to patient safety and outcomes.
Nevertheless, studies continue to show that many medi-
cal graduates lack proficiency in suturing, often due to
limited access to structured practice opportunities and
meaningful feedback during training.ﬁ’i As surgical edu-
cators seek effective, scalable ways to support skills
development, the question of how best to provide feed-
back, both in terms of method and educational impact,
remains a crucial, yet underexplored, issue.

Suture skills are one of the fundamental competencies
that medical students must acquire, due to its core
importance in several medical technical procedures and
treatments, directly impacting patient safety and clinical
outcomes.””® However, available reports still state that
these skills are underperformed by medical graduates,
either by reduced surgical rotations,(’ reduced tutors, 3.7
or limited time for training.®” Tallentire et al.”® reported
that 73% of UK medical graduates felt inadequately pre-
pared to perform basic sutures, while Emmanuel et al.’
found that only 32% of medical curricula include struc-
tured suture training.'”'* Multiple and diverse training
programs have been created, using dry labs, wet labs,
hands-on, lectures, video, or computer-based sessions,
with different conclusions on which 1 would be more
efficient in teaching.””'"'>'* Regardless of the training
methods used, 1 critical factor consistently associated
with skill acquisition is the quality of feedback provided
to learners. Feedback has long been recognized as a criti-
cal component of learning processes, facilitating reflec-
tion, correction of errors, and consolidation of good
practices'”'> ', however, despite the known positive
influence of feedback during training, it is not routinely
used.””'?

Various feedback modalities have been employed in
medical education to promote learning and skill develop-
ment. Self-assessment, for instance, encourages learners
to engage in reflection, fostering self-directed learning
and critical appraisal of one’s own performance.'’ How-
ever, studies have shown that self-assessment can be
inaccurate, especially among less experienced learners,
who may either overestimate or underestimate their
abilities.””*! Video-based selfreview has emerged as
another strategy, allowing learners to visually appraise
their actions, identify errors, and internalize correct tech-
niques.”” Although video review can enhance self-aware-
ness, its effectiveness is often limited without guided
interpretation or structured feedback.”>*’ Conversely,
expert feedback, delivered by experienced instructors,
tends to be highly effective in improving performance
by offering tailored, specific advice.'“** This demands

significant faculty time and institutional resources, mak-
ing it less scalable in certain educational settings.”’

We identified 3 main limitations in the literature: (1)
studies focus on only 1 feedback modality; (2) they
assess only quantitative outcomes; and (3) they do not
explore learners’ subjective experiences. Therefore, we
designed this study to simultaneously compare 3 feed-
back modalities using a mixed-methods approach, while
controlling for practice time, task complexity, and par-
ticipants’ prior experience.

This study was designed to address these gaps by eval-
uating the impact of 3 distinct feedback strategies: video
self-review, video self-review with structured self-assess-
ment, and video review with expert feedback, on the
acquisition of basic suture skills among 5th-year medical
students. By incorporating both quantitative perfor-
mance measures and qualitative analysis of students’
experiences, this study aims to provide a comprehensive
evaluation of the effectiveness and perceived value of
each feedback strategy, informing the design of more
effective and resource-efficient training programs in
medical education.

METHODS
Study Design

This is an interventional study designed to evaluate the
impact of different feedback mechanisms on the acquisi-
tion of suture skills among 5th-year medical students.

A mixed-methods approach was employed, combining
quantitative assessments of skill improvement with qual-
itative analysis of participants’ experiences with
received feedback.

Participants sample size and selection

We calculated the sample size using GPower 3.1 for a
repeated-measures ANOVA with a time-by-group interac-
tion.”® Assuming a medium effect size (f= 0.25), a corre-
lation between measures of 0.5, 80% power, and an
alpha of 0.05, a total of 42 participants (14 per group)
would be required. To account for potential dropouts
and increase statistical power, a convenience sample of
68 volunteer fifth-year medical students from Minho Uni-
versity was recruited to participate. All participants pro-
vided informed consent prior to inclusion in the study.
There were no students with prior advanced suture
training or formal surgical experience, so participants
exclusion was not required.

Task

Participants were asked to individually perform a basic
interrupted suture task for a duration of 6 minutes, while
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being video recorded. This initial attempt (Part A) served
as a baseline for subsequent performance comparison.
After the initial recording, participants were randomly
assigned into one of 3 groups:

® Group A (Control with Video Feedback): Participants
reviewed their own video-recorded performance and
then repeated the same suture task for another
6 minutes (Part B).

® Group B (Video + Scale Visualization): Participants
reviewed their video-recorded performance and com-
pleted a self-assessment using a previously validated
Suture Assessment Scale (Minho-SAS). Following this,
they repeated the suture task for 6 minutes (Part B).

® Group C (Video + Expert Feedback): Participants
reviewed their recorded performance and received
individualized verbal feedback from an experienced
surgical facilitator. The facilitators involved had feed-
back delivery experience and are experts on surgical
suture. Additionally, the feedback was structured and
based on the Suture Assessment Scale. Participants
then repeated the task for 6 minutes (Part B).

The expert feedback followed a structured 15-minute
protocol divided into 3 phases: (1) Rapport Phase
(2 minutes): the facilitator created a safe environment by
asking about prior experience and anxieties; (2) Joint
Review Phase (10 minutes): the video was reviewed
with the facilitator pausing at key moments identified by
the Minho-SAS, always starting with correctly performed
aspects before addressing areas for improvement, using
specific descriptive language such as, “notice how your
needle grip is at two-thirds of its length; ideally, it should
be closer to the center;” (3) Consolidation Phase
(3 minutes): the facilitator summarized 3 main points
and checked the participant’s understanding. Three sur-
geons with at least 5 years of teaching experience took
part in a calibration workshop, practicing the protocol
with 10 pilot videos until achieving over 90% agreement
in identitying and prioritizing feedback points, as mea-
sured by a fidelity-to-protocol checklist.

All video recordings from both attempts (Parts A and
B) were anonymized and stored in a secure database.

Assessment

All video-recorded performances were independently
assessed by 3 experienced surgeons who were blinded
to group allocation and assessment timing (first or sec-
ond attempt). Assessments were conducted using the
Minho-SAS.

We assessed inter-rater agreement on a random sam-
ple of 20 videos (29% of the total) evaluated by all 3
raters. For the global score, the ICC (2,1) was 0.87 (95%
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CI, 0.78-0.93), indicating excellent reliability. For individ-
ual checklist items, Fleiss’ kappa ranged from 0.72 to
0.94, with a mean of 0.83. The items with the lowest
agreement were “appropriate knot tension” (k =0.72)
and “uniform spacing between stitches” (k=0.75),
reflecting the subjective nature of these aspects.

Qualitative Analysis

Following the second suture attempt, participants from
Group C were invited to take part in a semi-structured
interview conducted by a separate facilitator uninvolved
in the feedback session. The interviews explored partic-
ipants’ perceptions of the feedback they received. The
interview guide was developed based on principles from
the feedback literature, particularly Archer'” and van de
Ridder et al.,'® which emphasize that effective feedback
should clarify performance gaps, be specific, timely, and
delivered in a supportive climate. Accordingly, our ques-
tions addressed perceived usefulness, specificity, timing,
confidence, and emotional response to the feedback.

To ensure content validity, the guide was refined
through consensus among 3 authors with expertise in
medical education and feedback research. It was then
piloted with 2 senior medical students to check clarity
and coverage of the intended domains, with minor
adjustments made following their input.

The interview guide included the following questions:

® How did you feel about the feedback you received
from the facilitator?

® In what ways did the feedback help you improve your
performance?

® How did the feedback impact on your confidence
moving forward in similar tasks?

® Was the feedback specific enough to help you under-
stand what needed improvement?

® Was the timing of the feedback appropriate for your
needs?

® [s there anything about the feedback process you
would change to make it more effective?

® What type of feedback (written, verbal, video review,
other) do you think would have been most useful?

All interviews were audio-recorded, transcribed verba-
tim, and anonymized for analysis.

A phenomenological approach was used to explore
the lived experience of receiving expert feedback. This
approach was based on the work developed by Col-
laizi,”” including the following steps:

1. Listening the recorded interviews, read and re-read
the transcripts.



2. Identification and clustering of the common themes
emerging from the different recordings

3. Extract relevant statements relevant to the phenomena.

4. Synthetizing the findings into common themes and
reporting.

Quantitative Analysis

Quantitative data were analyzed using JASP (JASP Team
(2023). JASP (Version 0.18.1)).

Each participant completed the suture task twice (Part
A and Part B) and was evaluated independently by 3
blinded assessors using a 15-item binary checklist (Yes/
No) and a global performance rating on a 5-point scale.
For each evaluation, the number of affirmative responses
(“Yes”) was summed to create a checklist score, repre-
senting task performance on a 0—15 scale. To ensure con-
sistency and reduce interrater variability, the mean
checklist score and mean global score were calculated for
each participant in both parts of the task. These aggre-
gated values were used for all subsequent analyses. Addi-
tionally, 2 delta variables were computed: 1 reflecting the
change in checklist score (ASumScore = Part B — Part A)
and the other representing the change in global perfor-
mance score (AGlobalScore =Part B —Part A). This
allowed both within-group improvement and between-
group comparisons to be assessed.

Descriptive statistics were used to characterize the
sample. Paired samples t-tests were employed to evalu-
ate within-group differences in performance scores
before and after the intervention. We conducted a 3 x 2
mixed ANOVA with group (A, B, C) as the between-sub-
jects factor and time (Part A, Part B) as the within-sub-
jects factor. Linear regression analysis was performed to
identify potential predictors of improvement, including
group allocation and baseline performance.

Materials and Setup

We used a standardized kit consisting of 3-0 silk suture
with a 3/8 circle curved needle, a 16 cm Mayo-Hegar
needle holder, a 12 cm toothed Adson forceps, and a
14 cm Metzenbaum scissors. The synthetic skin model
featured a premarked 5 cm linear incision with a depth
of 0.8 cm. Recordings were made with an HD camera
positioned 40 cm above the workspace at a 45-degree
angle. Each participant received 3 suture threads, allow-
ing for approximately 8—10 stitches within the allocated
time. Total participation time was 30 minutes for Groups
A and B (6 min Part A + 15 min intervention + 6 min Part
B +3min procedures) and 45 minutes for Group C
(with an additional 15 minutes for the interview).

Ethics Commission Approval

The study was approved by the Ethics Committee for
Research in Life and Health Sciences (CEICVS 072/2025).

All participants provided written informed consent, and
data confidentiality was maintained throughout the study.

RESULTS

A total of 68 fifth-year medical students participated in
the study, divided randomly into 3 groups. The final
group attribution was of 21 students for group A (Con-
trol with Video Feedback), 22 students for group B
(Video + Scale Visualization), and 25 students for group
C (Video + Expert Feedback). Of the 25 students in
Group C, 13 were invited to participate in a formal inter-
view for the qualitative analysis. This number was suffi-
cient to reach thematic saturation, consistent with
phenomenological research standards, while allowing
for interviews to be conducted in a standardized and fea-
sible format.

Quantitative Analysis

This analysis aimed to assess the impact of different feed-
back strategies on the acquisition of suture skills across
the 3 study groups. As previously stated, performance
scores from part A and subsequent part B suture tasks
were compared within each group to determine individ-
ual improvement and between groups to evaluate the
relative effectiveness of each feedback strategy.

Before the analyses, the normality of the difference
scores (Part B — Part A) was assessed using the Shapiro-
Wilk test, separately for each group.

For the global performance score, results indicated
that the data were not normally distributed in Group A
(p =0.002), whereas Groups B and C showed no signifi-
cant deviation from normality (p =0.159 and p=0.130,
respectively). Similarly, for the checklist score, Group A
again failed the normality assumption (p = 0.042), while
Groups B and C did not (p =0.311 and p =0.113, respec-
tively).

Based on these findings, nonparametric Wilcoxon
signed-rank tests were conducted to evaluate pre—post
differences in Group A, while parametric paired samples
t-tests were used for Groups 1 and 2.

Across all 3 groups, an overall increase in both global
performance scores and checklist-based scores was
observed between Part A and Part B of the suture task.
As shown in Table 1, the mean global performance score
improved in Group A from 3.24 (SD=0.71) to 3.52
(SD =0.71), in Group B from 3.46 (SD =0.53) to 3.63
(SD =0.57), and in Group C from 3.51 (SD=0.58) to
3.76 (SD=0.59). Similarly, checklist scores increased
from 9.25 to 9.55 in Group A, from 9.61 to 9.99 in Group
B, and from 9.60 to 10.21 in Group C.

As for the within-group analyses (Table 2), in Group A,
the Wilcoxon signed-rank test revealed an improvement
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TABLE 1. Descriptive Statistics by Group and Time Point

Group N MeanGlobal Mean Global A Global Mean Mean A Checklist
Score A Score B Score Checklist Checklist Score
Score A Score B
A —Videoonly 21 3.2440.71 3.52+0.71 0.28+£0.26 9.254+1.95 9.55+2.26 0.31+£0.83
B — Self- 22 3.46+0.53 3.63+0.57 0.16+0.37 9.61+£1.17 9.994+1.33 0.39+0.93
assessment
C — Expert 25 3.51+0.58 3.76+0.59 0.26+0.42 9.604+1.56 1021+£1.35 0.61+1.16
feedback
TABLE 2. \Within-Group Comparisons (Part A vs. Part B)
Group Outcome Test Statistic df p-value Effect Size
A Global score Wilcoxon z=-3.30 — 0.001 r=-1.00
A Checklist score Wilcoxon z=-1.89 — 0.061 r=-0.51
B Global score Paired ttest t21)=-2.08 21 0.050 d=-0.44
B Checklist score Paired ttest H21)=-1.95 21 0.065 d=-0.42
C Global score Paired ttest t(24) = -3.08 24 0.005 d=-0.62
C Checklist score Paired ttest t(24) = —2.62 24 0.015 d=-0.53
TABLE 3. Between-Group Comparisons of Improvement Scores
Outcome Test Statistic df p-Value Effect Size
A global score ANOVA F(2, 65)=0.669 2,65 516 n?=0.020
A global score Kruskal-Wallis H(2)=1.178 2 .555 —
A checklist score ANOVA F(2, 65)=0.576 2,65 .565 n?=0.017
A checklist score Kruskal-Wallis H(2)=1.061 2 .588 -

in global score (z=—3.30, p=0.001, r=—1.00), while
the improvement in checklist score approached but
did not reach significance (z=-1.89, p=0.061). In
Group B, paired t-tests showed an improvement in
global score (t(21)=-2.08, p=0.050, d=—-0.44),
whereas the change in checklist score was not signifi-
cant (t(21) = —1.95, p =0.065). In Group C, statistically
significant improvements were observed for both global
score (t(24) = —3.08, p = 0.005, d = —0.62) and checklist
score (t(24) = —2.62, p=0.015,d = —0.53).
Between-group comparisons of improvement scores
(Part B — Part A), summarized in Table 3, were con-
ducted through a mixed ANOVA test. For the global
score, there was a significant main effect of time (F
(1,65) = 12.34, p < 0.001, np*=0.159), indicating over-
all performance improvement. No main effect of group
was observed (F(2,65)=0.82, p=0.445, np*=0.025),
nor a time X group interaction (F(2,65)=0.67,
p=0.516, np2 =0.020), suggesting similar improvement
across groups. Planned contrast analyses confirmed sig-
nificant improvement within all groups: Group A (t
(20)=3.30, p=0.003, d=0.39), Group B (t(21) =2.08,
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p=0.050, d=0.31),
p=0.005,d=0.43).

Given the absence of normality distribution in
several variables, nonparametric Kruskal-Wallis tests
were also performed, which confirmed the absence of
significant between-group differences for both global
score (H(2)=1.178, p=0.555) and checklist score
(H(2)=1.061, p=0.588).

and Group C (t(24)=3.08,

Qualitative Analysis

To complement the quantitative evaluation, a qualitative
analysis was conducted with participants from Group C,
who received video-based feedback from an expert facili-
tator. The aim was to explore students’ perceptions of
the feedback process and its influence on their learning,
confidence, and motivation.

After the transcription and thematic analysis, the
authors aimed to identify recurring clusters that reflect
how students experienced and internalized the feed-
back. The emerging themes provide insights into the
emotional, cognitive, and practical impact of the



feedback intervention on skill acquisition. From this
analysis, 5 clusters were extracted and are discussed
below with relevant quotations from the participants.

We rigorously followed Colaizzi’s steps for phenome-
nological analysis.”” Two researchers independently tran-
scribed and coded all 13 interviews. Initial inter-coder
agreement was 78%, calculated using percentage agree-
ment. Discrepancies were resolved through discussion
until consensus was reached, with a third researcher act-
ing as an arbitrator in 3 cases. An external audit was con-
ducted by an experienced qualitative researcher, who
reviewed 30% of the codings and the theme derivation.
The 5 final themes were presented to 5 randomly selected
participants (member checking), all of whom confirmed
that the themes accurately reflected their experiences. A
reflective journal was maintained to document analytical
decisions and potential researcher biases.

Perceived Value and Utility

This theme emerged across all 13 interviews, with partic-
ipants consistently identifying expert feedback as an
essential catalyst for understanding technical nuances.
P2 expressed this perception, stating, “only when we
have these small moments of feedback do we under-
stand the little things that need improvement,” a senti-
ment echoed by P13, who valued having someone point
out specific errors that would otherwise go unnoticed
during self-observation. P7 highlighted the uniqueness
of this experience within the educational context: “It is
often not possible to have someone observing us in real
time,” underscoring how structured feedback fills a criti-
cal gap in traditional medical training. Together, these
perspectives underscore how structured feedback fills a
gap left by traditional training.

Participants felt that feedback helped them refine
their technique, especially by drawing attention to
details (e.g., tension on the knot, hand positioning) they
would not have noticed independently. This enhanced
their belief in feedback as a critical step in skill acquisi-
tion, not merely evaluation.

Emotional Impact: From Anxiety to Confidence

Participants described how initial anxiety or insecurity
about their performance shifted into confidence and
motivation following constructive feedback. P3
reflected, “In the beginning, I was very nervous. .. but
the feedback was very calm and that helped me,” while
P13 simply stated, “I no longer feel nervous.” P1 noted,
“Now I know what I can do,” and P7 emphasized, “I was
afraid to do a suture in the hospital rotations, but now
I'm confident.”

Analysis revealed that the consistent use of positive
reinforcement at the start of feedback sessions was a key

driver of this transformation. Feedback that first
acknowledged correct actions before addressing areas
for improvement fostered psychological safety and opti-
mism: “Feedback was very good because it focused on
the positive parts first, and that did not put me down.
That was very important.” (P1) This sentiment was reit-
erated by P4, who appreciated “receiving compliments
about minor goals that I achieved, which was very valu-
able,” and by P5, who described “the peaceful and calm
format of giving feedback, with positive reinforcement
first in a tension-free environment” as highly enjoyable.

Importance of simultaneous video review with a facili-
tator as a feedback amplifier

Co-visualization with the facilitator was described as a
transformative element of expert feedback. Students
reported that their own observations, the facilitator’s
comments, and the video evidence converged to create
a clearer understanding. As P4 stated, “watching simulta-
neously allowed me to receive feedback while seeing
exactly the moment.” Beyond timing, this process also
provided cognitive alignment. P8 added, “there was
room to share with the facilitator what I was feeling,”
highlighting how co-visualization created a dialogic
space for testing self-perceptions against expert input.

The co-review of the video created bidirectional com-
munication, allowing learners to ask questions and
reflect in real time. Synchronizing visual and verbal cues
improved understanding of errors, and the shared video
helped bridge the gap between what students intended
to do and what they performed.

Participants also highlighted that this co-review pro-
cess reduced misunderstandings that can occur with ver-
bal-only feedback, where there might be a disconnect
between what the facilitator sees and what the learner
remembers or perceives. This finding suggests that the
value of expert feedback may lie as much in the interac-
tive process as in the technical content conveyed.

Specificity and Individualization

Participants emphasized the value of feedback that was
personalized and detailed, focusing on their technique
rather than generic mistakes. This specificity enhanced
both applicability and retention of learning. Students
described feeling seen, heard, and coached rather than
merely evaluated, which fostered trust in the learning
process and in the facilitator. P9 noted, “it was objective,
which led me to understand well what I needed to
improve,” while P6 highlighted, “I could ask all my
doubts and questions; it was directed to me.”

Feedback Timing and Retention

Participants consistently described the immediacy of
feedback—delivered shortly after the first task—as
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crucial for learning. Receiving feedback while the expe-
rience was still fresh helped them anchor key points and
apply improvements effectively in the second round.
The proximity of feedback to upcoming high-stakes
assessments, such as the OSCE, further enhanced its rele-
vance and appreciation, aligning with participants’ emo-
tional and cognitive readiness. P12 remarked, “if it was
much later, I would not have recalled it,” while P10
reflected, “since it was immediately after, I could see
and remember all my changes in the second part,” and
P8 added, “I still remembered all my difficulties.”

Interestingly, 1 participant expressed a preference for
an even more immediate approach, stating, “in my case,
I would like to receive immediate feedback during the
suture” (P11).

DISCUSSION

This study employed a mixed-methods approach, com-
bining a quantitative assessment of performance
improvements with a qualitative exploration of students’
experiences, which provided a comprehensive under-
standing of how feedback influences suture skill devel-
opment and learners’ perceptions with different
feedback strategies.

Our quantitative findings, showing equivalent
improvement across groups, appear to contradict the
meta-analysis by Hatala et al.,”® which consistently dem-
onstrated the superiority of expert feedback. However,
closer examination reveals important methodological
differences. First, studies included in the meta-analysis
employed longer training periods (a mean of 4.5 sessions
versus our single session), suggesting that differences
between feedback modalities may only emerge with
extended practice. Second, our posthoc power analysis
revealed only 23% power to detect the observed differ-
ences (np2 =0.020), indicating that a sample size of 175
participants per group would be required to draw defini-
tive conclusions about equivalence. Third, the basic
interrupted suture task may represent a skill with a low
“complexity ceiling,” where initial improvements are
easily achieved regardless of feedback modality. Porte et
al.'” found expert feedback to be superior when using a
more complex task (end-to-end anastomosis), suggesting
that task complexity may moderate the differential effec-
tiveness of feedback modalities.

However, no significant differences were found
between the groups regarding the degree of improve-
ment. Several factors may explain this outcome. First,
although the sample size was adequate for an explor-
atory study, it may have been underpowered to detect
small inter-group differences. Additionally, the short
interval between tasks does not allow for tracking long-
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term differences. The task used in this study—a basic
suture—represents a foundational technique that, once
initially understood, may not exhibit dramatic variation
across attempts in such a brief training window. While
participants in all groups improved, the small differences
in delta scores between groups suggest that short-term
exposure to any form of feedback may be sufficient to
elicit modest gains. Future studies incorporating
repeated training sessions or more complex procedures
may be better suited to detect nuanced differences
between feedback strategies.

The inclusion of a qualitative component using a phe-
nomenological approach revealed relevant insights. By
exploring the lived experiences of learners, we probed
into emotional, cognitive, and motivational aspects that
could be overlooked in performance-based quantitative
assessments. The emotional impact of the feedback pro-
cess was perceived by students as of particular impor-
tance. Several students reported transitioning from
anxiety and uncertainty before the feedback to increased
confidence and motivation afterward. This emotional tra-
jectory was often linked to the tone and format of the
feedback: positive reinforcement preceding constructive
criticism, a calm and supportive environment, and the
perception that facilitators were genuinely invested in
their learning. Such findings align with educational theo-
ries that emphasize psychological safety and learner-cen-
tered feedback as essential to optimal performance and
engagement.”” Reinforcing what students did well
before pointing out areas for improvement helps main-
tain self-esteem and openness to learning, a technique
well-established in health professions education but not
always consistently applied in practice.'”*’

Another significant aspect identified by participants
was the value of reviewing the performance video
together with the expert facilitator. This co-viewing
approach allowed for real-time clarification, alignment
of perceptions, and meaningful dialogue between the
learner and the teacher. Students emphasized that this
synchronous format helped them better understand
what needed improvement and why, avoiding miscom-
munication or misinterpretation that might occur with
feedback provided without visual context. This supports
the notion that video, when paired with expert guid-
ance, serves not only as a reflective tool but as a shared
cognitive framework that enhances engagement, preci-
sion, clarity, and retention of feedback. These findings
align with prior research showing that verbal-only feed-
back can be misunderstood or forgotten if not specific
and clearly linked to performance.”*” By synchronizing
commentary with visual evidence, video-assisted feed-
back enhances clarity and retention helping to explain
why our participants perceived co-review as particularly
effective.””



The interviews also emphasized the importance of
feedback being specific, individualized, and tailored to
the learner’s unique performance, not being generic,
but focused on their strengths and weaknesses. This per-
ceived personalization helped foster a sense of being
coached rather than evaluated, encouraging greater trust
and receptiveness to learning. In our framework, coach-
ing is conceived as an iterative, learner-centered dia-
logue that guides individuals through progressive skill
development, whereas evaluation represents a point-in-
time, summative judgment against predefined compe-
tency standards. Coaching fosters ongoing reflection and
autonomy by providing tailored feedback, goal-setting,
and opportunities for self-assessment over time.””’" In
contrast, evaluation delivers a definitive verdict on per-
formance without necessarily supplying the develop-
mental support learners need to bridge gaps.'’ The
structure provided by the Minho-SAS may have also con-
tributed to the clarity and utility of the expert feedback.

The current study, however, presents some limita-
tions. First, the relatively small sample size may limit gen-
eralizability and statistical power, particularly for
detecting subtle differences between groups. Second,
despite being seen as positive by the students, the study
design involved only a single repetition of the suture
task; therefore, it is unclear whether the observed
improvements are retained over time. Third, qualitative
interviews were conducted only with participants in the
expert feedback group, limiting the ability to compare
subjective experiences across all feedback modalities.

Based on the integration of quantitative and qualitative
findings, we propose a 3-tiered implementation model
designed to optimize resources while maximizing peda-
gogical benefits."°

® Level 1 (Initiation): a mandatory initial session with
expert feedback for all learners to establish technical
standards and a mental framework for self-assessment
(investment: 15 minutes of faculty time per student).

® Level 2 (Deliberate Practice): 3 to 5 sessions using
video with structured self-assessment through the
Minho-SAS, enabling autonomous yet guided practice
(investment: initial development of recording infra-
structure).

® Level 3 (Consolidation): a final expert feedback ses-
sion for learners who have not achieved proficiency
in self-assessment or before summative evaluations
(investment: 15 minutes of faculty time per student,
for approximately 30% of the cohort).

Compared to an ideal model of continuous expert
feedback (rarely implemented in practice), this hybrid
model would reduce faculty workload by approximately
65% while preserving the motivational benefits

identified in expert feedback at critical learning
moments. For a class of 100 students, the estimated fac-
ulty time required would be 35 hours, compared to
100 hours under the traditional model.

We recommend 5 priority directions for future
research. First, longitudinal studies should track skill
retention at 1, 3, and 6 months, analyzing forgetting
curves across feedback modalities. Second, investiga-
tions using tasks of increasing complexity—such as con-
tinuous suturing, intradermal suturing, and
anastomosis—are needed to determine whether task
complexity moderates the differential effectiveness of
feedback types. Third, formal economic analyses should
compare the cost per competency achieved between
modalities, including infrastructure expenses and faculty
time. Fourth, translational studies should assess whether
the motivational benefits of expert feedback lead to
greater autonomous practice and improved OSCE perfor-
mance. Finally, the development and validation of an
artificial intelligence (AD algorithm trained on a video
database annotated with expert feedback could provide
a scalable approach to replicating the identified benefits.
Al-based systems could support the technical aspects of
feedback, such as automated scoring of checklists, detec-
tion of common errors, or generation of preliminary per-
formance reports. However, the affective and
motivational dimensions of feedback rely on human
interaction and cannot currently be replicated by Al. A
blended approach, where Al handles routine technical
feedback and educators focus on individualized guid-
ance and emotional support, may represent a pragmatic
balance between scalability and pedagogical effective-
ness. Future studies should incorporate a priori power
calculations using G*Power, based on realistic effect
sizes from our findings (7p> ~ 0.02—0.03 for between-
group differences).

CONCLUSION

This study demonstrates that all 3 feedback modalities
investigated can facilitate measurable short-term
improvement in basic suturing performance, with no sta-
tistically significant differences observed in the context
of a single session. However, phenomenological analysis
revealed that participants receiving expert feedback
experienced unique cognitive and affective benefits,
including greater clarity regarding specific errors,
increased confidence, and the development of a mental
framework for future self-assessment. Future studies
should evaluate whether the cognitive and affective ben-
efits identified in expert feedback translate to better skill
retention and actual clinical performance, aspects not
assessed in the present study. The integration of
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quantitative and qualitative methodologies provided a
more nuanced understanding of how different forms of
feedback influence procedural skill acquisition, under-
scoring the importance of considering both objective
outcomes and subjective experiences when designing
educational interventions.
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