
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



lable at ScienceDirect

Surgery 170 (2021) 1652e1658
Contents lists avai
Surgery

journal homepage: www.elsevier.com/locate/surg
Education
Isolating steps instead of learners: Use of deliberate practice and
validity evidence in coronavirus disease (COVID)eera procedural
assessment

Ingrid S. Schmiederer, MDa,*, LaDonna E. Kearse, MDa, Dana T. Lin, MDa,
Tiffany N. Anderson, MD, MHPEb, James N. Lau, MD, MHPE, FACSc,
James R. Korndorffer Jr., MD, MHPE, FACSa

a Department of Surgery, Stanford University Medical Center, CA
b Department of Surgery, University of Florida, Gainesville, FL
c Department of Surgery, Loyola University Medical Center, Maywood, IL
a r t i c l e i n f o

Article history:
Accepted 7 June 2021
Available online 13 July 2021
Presented at 2021 Surgical Simulation Summit, M
* Reprint requests: Ingrid S. Schmiederer, MD, Stanf

Surgery, Goodman Surgical Education Center, 300 Past
MC 5655, Stanford, CA, 94305.

E-mail address: ischmied@stanford.edu (I.S. Schm
Twitter: @schmiedsMD

https://doi.org/10.1016/j.surg.2021.06.010
0039-6060/© 2021 Elsevier Inc. All rights reserved.
a b s t r a c t

Background: In surgical training, assessment tools based on strong validity evidence allow for stan-
dardized evaluation despite changing external circumstances. At a large academic institution, surgical
interns undergo a multimodal curriculum for central line placement that uses a 31-item binary assess-
ment at the start of each academic year. This study evaluated this practice within increased in-person
learning restrictions. We hypothesized that external constraints would not affect resident performance
nor assessment due to a robust curriculum and assessment checklist.
Methods: From 2018 to 2020, 81 residents completed central line training and assessment. In 2020, this
curriculum was modified to conform to in-person restrictions and social distancing guidelines. Resident
score reports were analyzed using multivariate analyses to compare performance, objective scoring
parameters, and subjective assessments among “precoronavirus disease” years (2018 and 2019)
and 2020.
Results: There were no significant differences in average scores or objective pass rates over 3 years.
Significant differences between 2020 and precoronavirus disease years occurred in subjective pass rates
and in first-time success for 4 checklist items: patient positioning, draping, sterile ultrasound probe
cover placement, and needle positioning before venipuncture.
Conclusion: Modifications to procedural training within current restrictions did not adversely affect
residents’ overall performance. However, our data suggest that in 2020, expert trainers may not have
ensured learner acquisition of automated procedural steps. Additionally, although 2020 raters could have
been influenced by logistical barriers leading to more lenient grading, the assessment tool ensured
training and assessment integrity.

© 2021 Elsevier Inc. All rights reserved.
Introduction

The need for procedural training to minimize complications
associated with central venous catheter placement has been well-
established.1e3 Structured training programs focused on catheter
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placement, and established bundles or algorithms have contrib-
uted to decreased incidence of central line-associated blood-
stream infections and complications related to central venous
catheter insertion.4e6 To ensure patient safety, novice learners
must be guided toward expertise in mastering the procedure it-
self, as well as in safe behaviors that include aseptic technique,
ultrasound guidance, use of an assistant, and a clear checklist.7e10

As such, successful training programs must design multimodal
curricula that allow surgical residents the physical space,
controlled environment, effective guidance, and the time to
practice these procedural steps before performing procedures on
patients.11,12
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At Stanford University Medical Center, early first-year general
surgery trainees undergo a multimodal, simulation-based training
curriculum every year for central venous catheter placement.
Verification of proficiency assessment is subsequently conducted
with a 31-item binary checklist that has demonstrated strong val-
idity evidence, and it occurs before the resident is allowed to
perform the procedure in the clinical setting. At the start of the
2020 academic year, when the most recent cohort of surgical in-
terns required central line training, institutional regulations
regarding in-person training and safety measures due to the
coronavirus disease (COVID) 2019 pandemic required alterations to
training and assessment logistics. Learner group size was mini-
mized to accommodate social distancing. Time for training and
assessment was shortened to allow for all groups to undergo the
curriculum within the same timeframe.

This study examines the stability of the central line training and
its assessment tool results, despite changing external circum-
stances around resident procedural learning and performance. We
hypothesize that despite increased logistical restrictions, our robust
assessment tool allows for reliable, consistent assessment of tech-
nical skill, and it serves as an anchor for effective guidance and
deliberate practice.

Methods

Participants

Trainees
Surgical residents in the Stanford University General Surgery

Residency Program are required to undergo a simulation-based
training curriculum and subsequent verification of proficiency
assessment in central line placement during July and August of
their internship years.

Trainers
Trainers include surgical faculty in the Department of Surgery,

surgical critical care fellows, and surgical education fellows in the
American College of Surgeons Accredited Education Institutes
(ACS-AEI) program at Stanford University.

Raters
In 2018, surgical attendings and the ACS-AEI surgical education

fellows (general surgery residents) served as raters for the verifi-
cation of proficiency testing in its most current iteration of the
program. In 2019, additional raters were trained to expand the
assessment team. By 2020, raters included surgical attendings,
surgical education fellows, midlevel residents, as well as
nonmedical trained raters. Owing to constraints in 2020 regarding
visitors and staff within the hospital setting, only 1 nonmedical
rater was involved in rating, while the rest were physician raters
(faculty and residents).

Rater training. All physician raters reviewed the checklist to
confirm understanding of dichotomous steps to be evaluated, as all
had extensive clinical experience in central line training and
placement in order to be included in the assessment session.

In 2019, with the addition of nonmedical personnel within the
surgical education office, nonmedical raters were trained using the
proven method of Frame of Reference Training13,14 in order to
calibrate novice raters such that all raters were familiarized with
standards and were able to conceptualize what an effective per-
formance of the procedure looked like, using the checklist as a
guide. Raters who were unfamiliar with performing central line
catheterization themselves were guided through procedural steps
by physician raters and offered repetitive practice and
demonstration. Questions were answered regarding the binary
checklist. Finally, novice raters were given the opportunity to rate
sample performances by the physician raters with feedback pro-
vided. This extensive rater training occurred during the 2019
assessment period.

Resident training and practice

Before 2020, first-year residents would attend a 2-hour session
of training in central line placement focused on internal jugular
vein catheterization. This training session included faculty
demonstration and walk-through of aseptic technique, ultrasound
use, and procedural steps. A Simulab CentraLineMan (Simulab,
Seattle,WA) high-fidelity torsomodel was used during this training
session to demonstrate anatomic landmarks of internal jugular and
subclavian access with ultrasound guidance and catheterization.
This previously occurred in a large group setting (~40 interns), after
which interns were dispersed to different stations composed of
about 10 learners for hands-on practice and guided instruction. A
trainer supervised each station and provided individualized guid-
ance and feedback to the interns. Each intern had the opportunity
to complete the task in its entirety at least once.

In 2020, learner groups were restricted to 6 learners and 1
trainer in 1 room. Participants were spaced 6 feet apart from one
another and the trainer. After demonstration and overview by the
trainer, learners approached the simulation station 1 at a time for
guided practice. Trainers generally stood 6 feet away, unless hands-
on correction or instruction was required. After each use, the sta-
tion was sanitized and reset for the next participant. Total time for
each session was shortened to 1 hour, given the increased number
of learner groups and added time required for sanitization. During
2020 preparations, trainers were prebriefed about time restrictions
and were instructed to specifically focus on providing guided
hands-on instruction for “the procedure itself,” with emphasis on
ultrasound guidance, Seldinger technique, and guidewire control.
Other aspects and instruction of the procedure were at the
discretion of the trainer in the room. Trainers demonstrated all
items with varied emphasis, which ultimately led to more guided
discovery learning of many checklist items.

Four weeks elapsed between the training sessions and the
testing sessions. In that time, interns were traditionally given 24-
hour access to the central line placement models for additional
practice before testing. In 2020, access to these models was limited
to appointment only, to ensure that accommodations were pre-
pared with proper precautions and remote operations staff were
available onsite. Appointments for guided deliberate practice with
the surgical education fellows were available all 3 years.

Assessment

Validity evidence of checklist
This checklist assessment tool (Supplementary Table E1) was

modified based on an Objective Structured Skills Assessment tool
provided by the American College of Surgeons Resident Skills
Curriculum and was evaluated in 2018 according to Messick’s
framework.15,16 Our previous evaluation found this checklist to
possess robust validity evidence.

� Content: Each task was reviewed, and 31 items were ultimately
customized based on institutional expert consensus.

� Response process: Experts also determined that a binary
checklist of “successful completion on first try” versus “unsuc-
cessful on first try” was most feasible for scoring. Each of the
dichotomous actions required by the checklist were based on
expert performance, and all were deemed by experts to be



Table I
Objective total assessment scores between years
(Kruskal-Wallis test)

N Mean rank

2018 27 41.96
2019 33 42.44 P value ¼ .72
2020 21 37.50
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required and equally weighted for adequacy of placement of
central lines during the initial curriculum development process.

� Internal structure: This tool has good interrater reliability
(Cohen’s kappa ¼ 0.59) and good internal consistency (Cron-
bach’s alpha ¼ 0.84).

� Relationships to other variables: Raters in the last 3 years, with
the most current assessment tool and scoring standards, have
been required to follow the guidelines for scoring (objective
score). To enhance frame of reference training and correlate
scores with multiple measures, raters also circled “pass” (sub-
jective score) at the end of the assessment.

� Consequences: Using the Angoff method, the assessment com-
mittee set a standard for the cut score (28/31, 90%) with tasks
that were also designated as “critical fails” to emphasize those
tasks for learner acquisition and patient safety. Tasks designated
as critical fails were contamination of self or field and loss of
guidewire control, as a means of emphasizing patient safety.
Passing the assessment enabled the intern to perform central
line placement under supervision in the clinical setting, while
failure required remediation and retesting.
Objective scoring
Residents were required to complete all tasks for an internal

jugular central venous catheterization on a simulated patient
model, using ultrasound guidance and a central venous catheter kit.
Upon arrival to the assessment area, the resident was familiarized
with the simulated patient: paper chart, consent form and wrist-
band, and a hybrid chicken tissue model17 nested within a simu-
lated torso base on a table. The resident executed the entire task,
beginning with patient identification, chart review, and team
introduction and then addressing skin prep, draping, equipment
preparation, catheterization, suturing the line in place, sterile
dressing, and finally, indication of a chest x-ray to confirm place-
ment. The rater acted as a passive assistant for the resident if
requested, while the rater also observed and rated the resident’s
performance using a 31-item checklist.

Subjective scoring
Raters deemed a task successful when the resident completed it

on the first try in any order. If raters felt that the resident passed in a
holistic, subjective assessment of performance (not based on the
objective score), they circled “pass” at the end of the assessment
checklist. Raters did not provide subjective scores during 2019, as
this was the year in which raters were actively trained in objective
assessment. Subjective scores from 2019 were not included in
analysis.

Data analysis

After institutional review board approval, resident evaluations
were retrospectively analyzed over the last 3 years (2018e2020)
using the Kruskal-Wallis test, an independent t test, and c2 analysis
to evaluate for changes in means, pass rates, or overall standards
due to raters or to COVID-related regulations. Analyses were
completed using IBM SPSS Statistics for Windows, version 27.0
(IBM Corp, Armonk, NY).

Results

Trainees

From 2018 to 2020, a total of 81 residents from general surgery
and surgical subspecialties completed central line placement
training and assessment: 27, 33, and 21 interns in 2018, 2019, and
2020, respectively. While there was opportunity for additional
practice all 3 years, less than 10% of residents documented any
additional simulated practice time. This extra practice session
involved making an appointment with a surgical education fellow
for 1-on-1 guided instruction. Given that reports were deidentified
and that there were few appointments made, it was not possible to
determine if these extra practice sessions were significantly ad-
vantageous for the trainee between the training session and the
assessment period.

Raters

With the addition of multiple raters in 2019 and 2020, Fleiss’
multirater kappa was calculated to account for the nonmedical
trained raters and the physician raters at different training levels
(faculty versus resident). Overall, this checklist and its use over 3
years with multiple raters demonstrated good strength of agree-
ment (Fleiss' multirater kappa [(k) ¼ 0.64]).

Objective scoring

There were no significant differences in average raw total scores
over the last 3 years (Table I) after analysis for right-skewed data
nor were there statistically significant differences between 2020
trainees and pre-COVID trainees’ scores (28.14 ± 4.07 vs 28.66 ±
3.25; P ¼ .56). Objective pass rates using the established cut score
and critical fail parameters also showed no significant difference
between 2020 trainees and their pre-COVID counterparts (71.4% vs
73.3%; P ¼ .87). Furthermore, objective pass rates for the specific
years in which raters also gave subjective assessments (2018 and
2020) showed no significant difference (71.4% vs 74.1%, respec-
tively; P ¼ 0.84).

Upon examination of each task within the checklist, there was
no significant statistical difference in critical failure items between
2020 and pre-COVID years (14.3% vs 20%; P ¼ .562). However, 2020
trainees did have significantly lower first-time success rates than
their 2018 and 2019 counterparts in certain skills: patient posi-
tioning, draping the patient, sterile ultrasound probe cover place-
ment, and finder needle positioning before venous access (Table II).
Most notably, only 71.4% of 2020 trainees correctly positioned the
patient compared to 95.0% of pre-COVID trainees (P < .05), and only
71.4% of 2020 trainees successfully draped the patient on the first
attempt compared to 90.0% of pre-COVID trainees (P < .05). A total
of 76.2% placed the sterile probe cover correctly compared to 93.3%
previously (P < .05). Finder needle positioning was successful on
the first try for 85.7% of 2020 trainees compared to 98.3% of pre-
COVID trainees (P < .05).

Subjective scoring

Significant differences were observed when evaluating subjec-
tive pass rates. The subjective pass rate of 2020 was 95.2% among
physician raters and 1 trained rater, compared to 70.4% in 2018
among physician raters (P < .05). In fact, when comparing only
expert physician raters who received the same rater preparation in
2018 and in 2020, the subjective pass rate of 2018 was 70.4%, and



Table II
Rate of successful first-time completion of 4 tasks

Successful first-time completion of task Pre-COVID (2018, 2019) 2020 P value

Trendelenburg positioning 95.0% 71.4% .003*

Draping patient 90.0% 71.4% .039*

Sterile ultrasound probe cover placement 93.3% 76.2% .031*

Finder needle positioning 98.3% 85.7% .022*

COVID, coronavirus disease.
* P < .05.

I.S. Schmiederer et al. / Surgery 170 (2021) 1652e1658 1655
the 2020 pass rate was 100% (P � 0.05). All physician raters of 2020
were more inclined than their 2018 counterparts to pass trainees
based on subjective assessment.

Discussion

This study finds that modifications to simulation-based proce-
dural training within current in-person restrictions did not
adversely affect residents’ overall performance and checklist scores.
Simulation-based training methodologies in controlled, low-stakes
environments have already been determined to be superior for
learning.18,19 In these controlled learning environments, trainers
can identify specific steps of the procedure itself. A list of attainable
and tangible steps, some of which experts may subconsciously
perform in their own execution of the procedure, further ensures
learner skill acquisition and deliberate practice for both the trainer
and the trainee.11,19

The theories of deliberate practice suggest that it is more than
the number of hours of practice but also the quality of practice that
supports the development of expertise.20 In a learning program
that emphasizes a deliberate practice process, training is guided by
faculty who are able to identify aspects of technical performance
and provide specific guidance for improvement.12 While this may
not fully require Ericsson’s 10,000 hours for expertise, there should
be enough dedicated time and effective training for each task
within these learning sessions. Training that is rushed, without full
focus on improvement, will hinder potential improvement.12 This
established curriculum is meant to provide time and space within
the first year of surgical residency for these trainees. Our study also
evaluated the curriculum’s effectiveness in facilitating this delib-
erate practice, as well as deliberate training of the procedure
despite changing circumstances.

McGaghie et al expanded upon deliberate practice in medical
education with a list of 9 requirements in 2009.18 To further
enhance and to evaluate our program’s training, our curriculum
development followed this list of requirements as a framework
to ensure deliberate practice was implemented correctly. (1)
“Highly motivated learners with good concentration”18: The
caliber of these highly motivated learners has remained consis-
tent since this curriculum was implemented. Within new con-
straints, one might argue that learner concentration further
increased, because learning groups decreased in size, and there
was potential for (2) increased “engagement among learners
with a well-defined learning objective or task.”18 Learning ob-
jectives for both trainees and raters were described and
explained, and tasks were clearly listed in the assessment tool
for faculty, for raters, and for learners to remain engaged.
Objective assessment scores of these residents in the last 3 years
also remained consistent, which demonstrated effective moti-
vation and clear objectives.

In the early development phase, the training program curricu-
lum committee determined that this simulation-based central line
training program was (3) at “an appropriate level of difficulty” and
necessary for these incoming surgical residents. As such,
preplanned simulation-based training sessions were designed for
(4) “focused, repetitive practice.” Rather unexpectedly, this element
of our curriculum design was altered due to COVID-related re-
strictions. Therefore, to safeguard focused and repetitive practice,
trainers were encouraged to focus on the guided instruction of
“high-yield” aspects of the procedure, such as ultrasound guidance,
Seldinger technique, and guidewire control. This modification to
the training was supported by the assessment tool, which allowed
(5) “rigorous, precise measurements,” as the procedural steps were
broken down to a granular level that allowed for focused practice,
standardized reproducibility, and precise measurement from
trainers and raters. Using a checklist for both assessment and
training ensured that all steps were detailed and addressed by both
trainer and trainee. Counteracting automaticity with a clear
checklist of procedural steps allowed for higher control of perfor-
mance and guided instruction, as expert trainers and novice
learners were assisted in the cognitive phase of deliberate
practice.21

Simulation-based training sessions with guided instruction and
the addition of subjective scoring encouraged (6) “informative
feedback from educational sources (simulators or teachers).” In
studies of assessment, it has been demonstrated that the juxtapo-
sition of subjective and objective assessment together serves to
optimize feedback and allows both the rater and the learner to
manage the complex information necessary to improve and judge
performance reliably.22 In other words, a rater may deem an
assessment subjectively failed for a resident who objectivelymet all
objective measures for passing (or vice versa). This prompts a
conversation regarding the breakdown of steps, the knowledge of
the procedure, and the flow of motion, among other sources of
assessment and validity. A subjective assessment uses expert
detection of error23 and also ensures that the learner is not simply
relying on rote memorization or reading of a checklist. Comparing
the physician raters of 2018 with the physician raters of 2020 also
allows for more direct evaluation of subjective assessment by
expert raters, as we found the trained raters contributed to a lower
subjective pass rate in 2020. This finding warrants further evalua-
tion into training experts, not only to enhance teaching proficiency,
but for standardization of raters. Conversely, further training for
nonmedical raters may also be needed to give more confidence in
subjective assessment, rather than being influenced by the objec-
tive measurementsda likely byproduct of this subjective-objective
juxtaposition for novice raters.

Scheduled individual assessment was designed (7) to “monitor,
correct errors, and facilitate more deliberate practice.” Further
study might follow learners beyond the simulation environment
into thewards for (8) more complete “evaluation to reach amastery
standard.” However, passing assessment scores determined by our
Angoff method process theoretically ensures that learners are ready
to advance tomore independent practice in the clinical setting with
safeguards against changing subjective standards or borderline
rater opinions. In its current iteration, this curriculum prepares
trainees for (9) “advancement to another task or unit” in a safe,
supervised method. After completion of training and assessment,



Table III
Rate of successful first-time completion of all tasks

Task Pre-COVID (2018, 2019) 2020 P value (Pearson c2)

Chart reviewed: INR, platelets checked 96.7% 100.0% .397
Consent verified 96.7% 100.0% .397
Allergies confirmed 88.3% 90.5% .788
ECG and SpO2 verified 96.7% 95.2% .765
Team introduction 88.3% 100.0% .102
Verify patient with 2 identifiers 98.3% 100.0% .552
Hands washed 90.0% 95.2% .462
Vein and artery identified with US (nonsterile) 95.0% 95.2% .965
Mask, eye protection, hair cover 100.0% 100.0% -
Adequate sterile prep with chlorhexidine (wait 3 min) 100.0% 100.0% -
Patient placed in Trendelenburg* 95.0% 71.4% .003
Gowned and gloved without breaking sterility 90.0% 95.2% .462
Wide drape placed correctly* 90.0% 71.4% .039
Ultrasound probe sheath applied correctly* 93.3% 76.2% .031
All equipment verified, prepared, and placed (CVC kit) 93.3% 95.2% .755
Catheter flushed and capped 88.3% 76.2% .178
Location of IJ confirmed with US (sterile) 98.3% 95.2% .431
Needle placed at proper location, aiming at the ipsilateral nipple* 98.3% 85.7% .022
Vein accessed: no more than 3 needle passes 96.7% 90.5% .260
Venous blood return verified 98.3% 95.2% .431
Wire advanced 12e17 cm 86.7% 95.2% .282
Wire visualized with US in longitudinal view 80.0% 61.9% .098
Skin nick made with 11 blade 91.7% 95.2% .591
Dilater deployed and removed properly (2e3 cm, no kinking of wire) 91.7% 81.0% .179
Catheter advanced over wire, 12e17cm 93.3% 90.5% .667
Control of wire maintained at all times 85.0% 85.7% .937
Wire removed and stored without breaking sterility 93.3% 90.5% .667
Catheter checked for blood return and flushed (all ports) 85.0% 90.5% .528
Catheter secured in place with suture 85.0% 90.5% .528
Sterile dressing applied 86.7% 85.7% .913
Chest x-ray of correct placement confirmed 91.7% 95.2% .591

Bolded values denote significant differences between groups in the given item.
COVID, coronavirus disease; CVC, central venous catheterization; ECG, electrocardiogram; IJ, internal jugular vein; INR, international
normalized ratio; US, ultrasound.

* Significant statistical difference (P < .05).
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trainees receive a “passport” certificate that must be filled out by
senior residents or faculty who monitor trainees placing central
lines in the clinical environment before they are cleared to practice
independently.

Within the curriculum, this study also analyzed each item of
the assessment tool independently to measure if procedural steps
were being monitored, corrected, and deliberately practiced, as
they were designed to be. The decreased rate of successful
completion of certain steps indicates that modifications may have
negatively affected training by the trainers in the informative
feedback and close monitoring of each task. Perhaps guidance was
hindered by the modifications of 2020. The trainers’ execution of
each step for learner acquisition was more time restricted and
physically distanced. Trainers may have felt constrained and
deemphasized certain steps in order to focus on what they
deemed to be more crucial procedural steps. One such crucial item
in safe training and objective assessment was the critical fail
element. Emphasizing guidewire control and sterile technical skill
allowed learners to avoid the critical fails and may have
compensated for the decreased performance in other steps.
Overall pass rates remained consistent across 3 years, despite the
decreased first-time success rate in multiple steps for 2020
trainees (Table III).

Outside of time constraints, the differences in successful
completion of certain steps may also be explained by expert
automaticity and modified guidance approaches. The expert
trainers in 2020 may have demonstrated all steps of the checklist
within the given timeframe like their previous counterparts, but
their guided instruction focused more specifically on ultrasound-
guided Seldinger technique steps, due to the abbreviated
sessions and social distancing. Perhaps due to constraints, the shift
to discovery learning and observation was not effective for novice
learners who did not know where to focus their attention during
procedural demonstration or make sense of what was happening
in their observations.24 Persky et al explained that expertise might
actually hurt learner acquisition when experts forget how difficult
tasks were to learn. Efficient experts who are not proficient in
teaching are not well-equipped to articulate their full thinking
process or provide enough detailed description during demon-
stration, as the thinking and execution process has become too
intuitive.11,25 These limitations could have been mitigated by
additional training for the expert trainers, within the curricular
modifications of 2020.

Ultimately, checklists serve an important formative function
during the development of trainee skills and provide an anchor
for deliberate practice requirements. Composition of the list not
only frames learning, but also conveys the program’s priorities
and objectives for assessment.26 Using a checklist ensures that all
steps are defined for both assessment and training with focused
practice, close monitoring, and evaluation for mastery, in accor-
dance McGaghie et al’s requirements.18 To inform feedback, the
visible, tangible checklist of procedural steps counteracts auto-
maticity and allows for higher control of performance and guided
instruction. Expert trainers and novice learners are assisted in
the cognitive phase of deliberate practice and correction of errors
might be better facilitated.21 Future studies might explore rear-
rangement of procedural training into multiple stations of fewer
tasks for the deliberate practice repetition of each step rather
than abbreviated focused training of all steps. This would
condense time, prevent trainer cognitive overload, and allow
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time for the learner to repeatedly execute all aspects of the
procedure with close guidance and immediate feedback. This
would also address gradual, monitored improvements on a
granular level for each step27 rather than the abbreviated,
observational overview of all steps at once, arguably found
within the 2020 training limitations.

A limitation to this study is that the utility of the checklist for
these trainees or the consequence of their assessment in the real-
world clinical setting (Messick’s consequences validity evi-
dence15: or McGaghie et al’s mastery standard requirement18)
were not fully taken into account. Correlating patient outcomes
for this cohort of trainees who have undergone this training and
assessment program would further strengthen validity evidence
in consequences of this assessment and its relationships to other
variables. In the context of consequences validity evidence and in
evaluation to reach mastery for deliberate practice, one could
argue that a ceiling effect occurs as many of these items are
arguably easy to attain. However, if the goal is 100% successful
completion of each item at first try, this data demonstrates that
this has not been fully achieved by residents, and there is still
room for improvement. Additionally, hard copies and electronic
copies of the checklist are provided for testing purposes, but it is
not tracked whether trainees use them when placing central
lines on the wards. Previous studies agree that checklist algo-
rithms and protocols enhance patient safety outcomes in the
clinical and acute care setting7,28 and that strong assessment
tools enhance technical training. Still, the validity evidence is
ongoing for many assessments and requires continued evaluation
for optimization.22,29

In conclusion, the results of this study are 2-fold as trainee
caliber, rater agreement, and total scores have remained consistent
across multiple years and circumstances. The 2020 raters may have
been influenced by constraints and had the inclination to pass
learners more easily, knowing that (1) training was altered, and
learner acquisition was potentially hindered or (2) that there was
limited retesting time if remediation was required. In a brief com-
parison of pass rates based on the subjective assessment of physi-
cian raters, ~25% more trainees would have passed to the clinical
supervision stage, potentially before they were ready. This assess-
ment tool proved reliable, and the integrity of assessment was
maintained when objective measures, such as cut score and critical
fail guidelines, were followed.

This study suggests that despite potential external influences on
training and assessment, sound education theory that includes the
use of assessment tools with strong validity evidence, remains
critical for training, deliberate practice, and assessment. Differences
in successful completion of certain steps may have identified gaps
in the execution of training curricula by the trainers themselves.
Future studies might explore modification of procedural training
approaches for the trainer, as well as the impact of these curricular
interventions on procedural outcomes.
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