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Abstract
Background

Central Venous Catheter (CVC) placement is a common critical care procedure. Simulated practice has been
shown to reduce its iatrogenic complications. Video modeling (VM) is an instructional adjunct that
improves the quality and success of CVC insertion. Immersive VM can improve recall and skill translation,
but its role in teaching medical procedures is not established.

Research question/hypothesis

We hypothesized that, relative to traditional VM, immersive VM would decrease cognitive load and enhance
ultrasound-guided CVC insertion skill acquisition.

Methods

Thirty-two resident physicians from four specialties were randomized into traditional (control) or immersive
VM (intervention) groups for three CVC training sessions. Cognitive load was quantified via NASA Task Load
Index (TLX). Mean (* standard deviations) values were compared using two-tailed t-tests. Skill acquisition
was quantified by procedural time and the average 5-point [EM1] [TB2] entrustment score of three expert
raters.

Results

Overall entrustment scores improved from the first (3.44+0.98) to the third (4.06+1.23; p<0.002) session but
were not significantly different between the control and intervention groups. There were no significant
differences between NASA TLX scores or procedural time.

Conclusion

We found no significant difference in entrustment, cognitive load, or procedural time. Immersive VM was
not found to be superior to traditional VM for teaching CVC insertion.

Categories: Emergency Medicine, Internal Medicine, Medical Education
Keywords: simulation in medical education, medical resident education, video modeling, central venous catheter,
skills and simulation training, simulation design, video-based learning, 360-degree video recording

Introduction

Central venous catheter (CVC) placement is a medical procedure that involves the insertion of a catheter
into the venous system to facilitate the administration of medications, fluids, and blood products [1]. It has
been associated with serious mechanical (pneumothorax, bleeding, thrombus formation, occlusion,
extravasation, catheter embolism or breakage, fistula formation, air embolism, pericardial tamponade,
cardiac aneurysm, or vein stenosis) and infectious (cellulitis, phlebitis, intracardiac abscess, or sepsis)
complications. These complications vary in prevalence due to different definitions, reporting patterns, site
selection, the catheter used, dressing standards, patient choice, and provider experience [2].

Expert video modeling is a common component of medical simulation training that originated in athletics
training [3]. It allows trainees to witness the performance of a procedure to develop self-efficacy and
confidence [4]. CVC insertion training that utilizes both video modeling (VM) and task trainers for
procedural simulation has been shown to decrease instructor time [5,6], training time [5], equipment
spoilage [6], and adverse events [5,7]. The merit of traditional VM has been demonstrated in procedural
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skills training, particularly in sports [3,8,9]. Recently, more immersive educational technologies, such as
virtual reality headsets, have been made available at a reasonable cost, but their application has not been
explored in this context.

Immersive VM uses video capture technology and a virtual reality headset that surrounds the user with a
convincing replica of the same environment that they might expect in a real-life setting [10]. Immersive VM
has been demonstrated to promote learner engagement in the tasks they observe [11-14]. This increased
engagement could conceivably improve retention and learning. Additionally, immersive VM has a
complicated impact on cognitive load. Frederiksen et al. found that performing procedures in immersive
virtual reality increases cognitive load [15]. However, cognitive load decreased with repeated exposure. They
hypothesized that through repeated exposure to higher cognitive load during training, trainees may be
better prepared for complex real-world performance [15].

Building on this literature, we hypothesized that immersive VM would be acceptable to learners and that,
relative to traditional VM, immersive VM would result in enhanced ultrasound-guided CVC insertion skill
acquisition mediated by the decreased cognitive load during procedure performance.

This research was previously presented at the University of Saskatchewan Medical Education Research and
Scholarship Day (June 8, 2018), the College of Medicine Fall Poster Day (November 23, 2018), and the
Canadian Conference on Medical Education (April 14, 2019).

Materials And Methods

The University of Saskatchewan Research Ethics Board deemed this study exempt from ethical review by
(BIO# 18-46). The Regina Qu’Appelle Health Region provided operational approval.

All 32 first-year residents from four training programs (anesthesia, emergency medicine, general surgery,
and internal medicine) in Saskatoon and Regina (Saskatchewan) were enrolled in a CVC insertion training
program at our institution and were invited to participate in the study. Consent was provided by each
participant prior to the first session and demographic information was collected (Appendix A).

Expert instructional procedural videos were created simultaneously in traditional (Video /) and immersive
(Video 2) video formats. The traditional format was a fixed, two-dimensional video viewed on the screen of a
Samsung S6 32GB cell phone (Samsung Electronics, Suwon, South Korea). The immersive format was a video
of a 180-degree wide field of view that was viewed on a Samsung S6 32GB cell phone placed in a Samsung
Gear Virtual Reality Headset (2016 edition, Samsung Electronics). The headset allowed the user to raise,
lower, and turn their head to change their visual focus and prevented visual input from their true
surroundings. We recorded the instructional procedural videos using a CVC Insertion Kit (Teleflex, Wayne,
USA) and a CVC Internal Internal Jugular Task Trainer (Simulab, Seattle, USA) with a Samsung S6 32GB cell
phone (Video 1) and a 360fly 4K Video Camera (360fly, Canonsburg, USA) (Video 2). Both videos were edited
with the same instructive audio narrative using Premiere Pro (Adobe, Inc., San Jose, USA). Equipment costs
are outlined in Appendix B.

VIDEO 1: Traditional Video Model

View video here: https://www.youtube.com/watch?v=0-nITvvWC5M
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VIDEO 2: 360 Video Model v2.0

View video here: https://www.youtube.com/watch?v=QGvJfbNJg6c

The ultrasound-guided, CVC insertion training program spanned three three-hour sessions over a 12-week
period. Each group contained three to four residents. All residents were provided with prereading material
outlining the procedure. At the beginning of the first session, all residents received procedural instruction by
a staff physician experienced in CVC insertion. The instructor taught a standardized, step-wise approach to
CVC insertion based upon our institution’s best practices. The resident groups were randomized to the
control (traditional VM) or the interventional (immersive VM) groups. We aimed to maintain the
composition of each instructional group throughout the study, but in cases where this was not possible
because the residents changed instructional groups, they conducted their VM consistent with the study
group that they were initially assigned. Following the viewing, both groups practiced the skill on task
trainers. Individualized feedback was provided concurrently by the instructors throughout the practice
session. The subsequent two training sessions followed the same video review and practice format but did
not include dedicated instruction at the beginning. Concurrent feedback was provided by instructors
through all of the sessions.

At the end of each of the three training sessions, each participant completed a one-on-one testing session
supervised by a staff physician instructor. These sessions were video recorded to include the procedural area,
the participant’s hands and arms, and the ultrasound screen. No feedback was provided during this test
session. After each session, participants were asked to complete a NASA Task Load Index (TLX), a
multidimensional scoring system that assesses cognitive workload (Appendix C), while the observing
instructor completed an assessment form consisting of the O-Score entrustment scale [16] and narrative
feedback. Participants were stopped by the instructor if they exceeded 15-minutes of procedural time. Time
zero began with the first needle insertion into the skin and concluded with the placement of the Tegaderm™
(3M Company, Siant Paul, USA) dressing to secure the CVC. Task success was defined as the completion of
the task within the time frame. Failure was defined as the failure to complete the procedure within the
allotted time.

Following each participants’ testing session, their procedural and ultrasound videos were combined into a
single video (Figure 7). These videos were saved on a password-protected hard drive with file names based
on a computerized random number order generator from 100-400. Time from first needle insertion to
Tegaderm™ placement was determined by a blinded study investigator. Two additional staff physician
investigators, who were not involved in the participant’s recorded teaching session but were familiar with
the curriculum and its assessment, performed blinded assessments of each recorded CVC insertion using the
O-Score entrustment scale completed via SurveyMonkey (SVML Inc., San Mateo, USA) (Appendix D).

FIGURE 1: A sample of the video created from a participant’s test
session, showing their performance with the video of the ultrasound
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matched in a picture-in-picture view

Procedural competence was assessed using the average of the three entrustment scores (one bedside rater
and two video raters) and procedure length (from first needle insertion to Tegaderm™ placement). Cognitive
load during simulated CVC placement was assessed using the NASA TLX score completed by each
participant following each test session. These variables were compared between sessions within groups, as
well as between groups using paired and unpaired two-tailed t-tests as appropriate. A power calculation
conducted using an alpha of 0.05 and a beta of 0.8 seeking a one-point difference on the entrustment score
between the groups required two groups of 16 participants.

Lastly, the acceptability of immersive and traditional VM was explored by comparing CVC insertion training
program evaluations from residents in each group. The program was evaluated using a modified version of
the evaluation of technology-enhanced learning materials learner perspective (ETELM-LP) survey [17].
Participants completed the survey online using SurveyMonkey (Appendix E) after all three sessions were
completed and the results were compared by group using t-tests.

Results

All 32 first-year eligible for the study participated. Five additional third-year residents participated in the
training program but were not eligible for the study. Group demographics are outlined in Table 1. All study
participants were right-handed. Most participants (n=19 or 59.4%) were internal medicine residents. Nine
participants (28.1%) had received formal instruction on CVC insertion prior to the training program. The
control and intervention groups differed in size because the residents were randomized by group and the
number of eligible residents in each group varied.

Reviewed course material prior to the first session

Male Female Previous training
Yes Partially
Control 13 (72%) 5 (27.7%) 6 (33%) 10 3
Intervention 10 (71%) 4 (28.6%) 3 (21%) 8 6

TABLE 1: Demographic characteristics of the control and intervention groups

Cognitive load (as assessed by the NASA TLX) and procedural competence (as assessed by procedural time
and entrustment score) are reported in Figures 2-4. There was no difference in cognitive load during the
procedure in the immersive VM group. Further, there was no change in cognitive load through the three
study sessions. There was a significant improvement in entrustment score (meanSD) from the first
(3.4%1.0) to the third (4.1+1.2; p<0.001) session across all participants. There were no statistical differences
in entrustment scores between the control and intervention groups during the last session. Time to
procedure completion did not significantly change from the first to the third session in either group.

NASA TLX Overall Score

60
50
40
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20

Average TLX Score
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Trial 1 Trial 2 Trial 3

H Control M Intervention
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FIGURE 2: A graph of the average NASA TLX scores for both groups
over the three trials. There were no statistically significant differences
between groups or between testing sessions.

TLX: Task Load Index

e l |

Average Entrustment Score
= N W
= w N w w w E-Y

o
w

o

Trial 1 Trial 2 Trial 3

H Control ™ Intervention

FIGURE 3: Average entrustment scores for both control and intervention
groups over the three testing sessions. The bars indicate there is
statistically significant difference at p<0.05.
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FIGURE 4: The time to procedural completion for both control and
intervention groups over the three testing sessions. There were no
statistically significant differences between groups or between testing
sessions.
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Each item on the ETELM-LP (Appendix F) was rated from strongly disagree (1) to strongly agree (7).
Significant differences between the groups are outlined in Table 2. Participants in the control group reported
higher agreement that navigation of the technology-based components of the course was logical,

consistent, and efficient; that the technology and media supported the learning objectives; that the course
did not require inappropriately high technology skills; and that they did not have significant technical
problems during the course. The control group also reported higher agreement that the quality of the video
review helped them learn the skill, contributed to the achievement of the learning objectives, and was
consistent with the instructor’s teaching of the pre-course material.

) Control Intervention p-

ETELM Question

Average Average value
Navigation of the technology-based components of the course was logical, consistent, 6.3 5.4 0.03
and efficient ’ ’ ’
The course technologies and media supported the learning objectives 6.3 5.5 0.05
This course did not require inappropriately high technology skills 6.7 5.8 0.005
| did not have significant technical problems during this course 6.5 5.3 0.02
The quality of the video review of the procedure helped me to learn the skill 6.4 5.5 0.03
The video review of the procedure was consistent with the instructor's teaching and 6.4 5.6 0.02
pre-course material ’ ’ ’
The video review of the procedure contributed to the achievement of course learning

6.5 5.5 0.008

objectives

TABLE 2: Statistically significant differences from the ETELM Learner Perspective Survey
between the control and intervention groups

ETELM: evaluation of technology-enhanced learning materials

Discussion

Contrary to our hypotheses, immersive VM did not significantly reduce the procedural cognitive load or
improve the competence of first-year resident physicians relative to traditional VM. Further, the results of
the student evaluations suggest that traditional VM was preferred by learners.

Despite the strong literature base for the use of VM [3,9,18,19], we are unaware of any previous studies
investigating its interplay with cognitive load. Early investigations of immersive video technologies [11-15]
suggest that they are acceptable to learners and can be an effective educational tool [20]. Building on recent
literature suggesting that immersive VM initially increases procedural cognitive load but that this cognitive
load decreases with time [15], we hypothesized that incorporating immersive VM at the beginning of
procedural training could decrease cognitive load during successive attempts at the procedure. However, our
study suggests that this did not occur between sessions or the two groups. There are multiple potential
reasons for this: the testing environment may have been persistently stressful, the introduction of a new VM
technology may have resulted in an increased extraneous load that further complicated skill acquisition [21],
or the three three-hour sessions may not have provided enough time to develop the complex task schema
required for CVL insertion, thereby influencing cognitive load and working memory.

Previous research demonstrated increasing procedural competence over the course of multi-session CVC
training programs [19-21]. Our findings of improving entrustment scores from the first to last session reflect
this, but we did not find a significant difference between the two groups. There could be several reasons for
this. Firstly, the concurrent feedback provided in both sessions allowed for the opportunity to facilitate
deliberate practice, a method of teaching that depends upon focused, repetitive practice of skill
improvement, with feedback [22,23]. The quality of our in-task, concurrent feedback may have
overshadowed any positive effect immersive VM could have had on the scoring. This has been recently
studied in novice medical students [24], wherein early procedural learning benefitted from VM, but in later
procedural interventions students subjectively benefitted more from concurrent feedback. Secondly, we
identified that the cognitive load remained higher in the immersive VM group, which may have adversely
affected performance. Thirdly, the benefit of VM in the theoretical model of deliberate practice may be
rooted in the learners' ability to observe and analyze the performance of experts at key decision points, with
expert guidance [23]. Entrustment scores in simulated environments may be an indicator of competence in
the clinical setting [25], suggesting that the improvements seen in this workshop may translate to enhanced
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patient care [26]. Procedural time is also a recognized surrogate of procedural mastery, with the level of
experience being inversely related to time [21,25-27]. However, we did not find this association in our study.
This may have related to the heterogeneity of specialty programs participating in the study or the amount of
time (four weeks) between the three training sessions.

Comparisons of the course evaluations between the control and intervention group raise additional concerns
regarding the viability of immersive VM for procedural training. While support was available during the
sessions for the residents, the results demonstrate significantly lower ratings for the immersive VM group.
While statistically significant, this may not reflect a clinically relevant significance to learners and requires a
more in-depth assessment as to the reasons behind these differences. Nevertheless, this suggests that
despite the initial enthusiasm for this technology from learners [11-15], in the time frame and workshop
format provided in this study, it may not have achieved the ease of use or familiarity to learners.

There were limitations to our study. First, we intentionally sought to conduct a pragmatic study by utilizing
commercially available equipment. While we achieved this objective, it is possible that more advanced
recordings and VM could have been incorporated with additional funds and equipment that may have
resulted in an improved learner experience. Second, there were user-onboarding difficulties in the use of the
commercial virtual reality (VR) headsets for the learners and instructors. Despite being a commercial product
designed for recreational use, there were limitations related to internet connection speeds, user-interface
challenges, and navigation within the VR software. As learners and instructors became familiar with the
hardware, this became less of a barrier. Third, there was a delay in the completion of the NASA TLX
questionnaire by a small minority of participants despite the time being provided for this during the session.
This may have subjected these results to recall bias. Finally, 28% of the participants had previous formal
training with CVC insertion. These were evenly distributed between groups, however, this study did not
specifically investigate the extent of this formal training, and thus may have influenced the outcomes of
interest.

Our study did not demonstrate the benefit of immersive VM over traditional VM, however, there will
continue to be opportunities for further investigation in this field. In the short-term, it may be worth
investigating the impact of immersive VM for teaching more complex procedures (e.g., intraoperatively)
than ultrasound-guided CVC insertion as it may have a larger benefit in these contexts. In the long-term,
the permeation of immersive experiences and technologies may become more commonplace, decreasing
their cognitive load. Immersive technologies and augmented reality technologies will continue to rapidly
evolve and become more intuitive. It will be important to continue to investigate the use of this and newer
technology for medical procedural training as it becomes available.

Conclusions

Simulation using task trainers and video modeling is an effective way to teach medical procedures
associated with iatrogenic complications in a low-risk environment. Increasingly sophisticated forms of
video modeling have recently become readily available. We hypothesized that teaching ultrasound-guided
CVC insertion using immersive VM technology would provide benefits over traditional video modeling.
However, the use of immersive VM did not change the cognitive load or improve outcomes over traditional
VM when used to augment simulation training for novice resident physicians learning this procedure.

Appendices
Appendix A
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Demographic information for RaPID Course - CVC Insertion Study

Thank you for participating in our study
PARTICIPANT INFORMATION AND CONSENT FORM

STUDY TITLE: Comparing the efficacy of three-dimensional versus two-dimensional video modelling in achieving central venous
catheterization competency

PRINCIPLE INVESTIGATOR:

Dr. Brent Thoma MD, MA, MSc, FRCPC

Department of Emergency Medicine, University of Saskatchewan

Royal University Hospital

103 Hospital Dr.

Saskatoon, SK

Ph. (306)-881-0112

CO-INVESTIGATORS:

Dr. Megan Deck, Anesthesiology Resident, University of Saskatchewan

Dr. Julie Yu, Anesthesiology Resident, University of Saskatchewan

Dr. Joann Kawchuck, Anesthesiologist & Intensive Care Physician, University of Saskatchewan
Dr. Luke Terrett, Internal Medicine & Intensive Care Physician, University of Saskatchewan

Dr. Brian Brownbridge, Anesthesiologist & Intensive Care Physician, University of Saskatchewan

Dr. Kish Lyster, Medical Director for Dilawri Simulation Center, Regina General Hospital, Saskatchewan Health Authority

STUDENT RESEARCHER:

Evan Mah, Medical Student, University of Saskatchewan

INTRODUCTION

You are invited to take part in this research study because you are a PGY1 resident enrolled in the Resuscitation and Procedural
InterDisciplinary (RaPID) curriculum at the University of Saskatchewan. Central venous catheter placement is a common resuscitative
procedure. Numerous studies have validated the use of simulation training to practice CVC insertion, but the most effective method of
instruction remain uncertain. The purpose of this study is to compare the quality of procedural performance and the mean time
required for residents to successfully perform central venous catheterization (CVC) between participants assigned to either standard
two-dimensional video modelling or three-dimensional video capture.

Participation in the RaPID program is required as part of your residency program and will include all aspects of the research study.
However, your participation in the research related to this course is voluntary. It is up to you to decide whether or not you wish to take
part. If you wish to participate, please indicate this at the bottom of this page. If you do decide to take part in this study, you are still free
to withdraw at any time and without giving any reasons for your decision.

FIGURE 5: Appendix A-1
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If you do not wish to participate, you will not lose any benefits and will still participate in all aspects of the curriculum. It will not affect
your relationship with any of the researchers or instructors or future evaluation in other medical education opportunities.

Please take time to read the following information carefully. You can ask the researcher to explain any words or information that you do
not clearly understand. You may ask as many questions as you need. Please feel free to discuss this with your family, friends or family
physician before you decide.

WHY IS THIS STUDY BEING DONE?
This study is being done to compare the quality of procedural performance and the mean time required for residents to successfully

perform central venous catheterization (CVC) b participants gned to either standard two-dimensional video modelling or
three-dimensional video capture.

WHO CAN PARTICIPATE IN THE STUDY?

You are eligible to participate in this study if you are a PGY1 resident enrolled in the Resuscitation and Procedural InterDisciplinary
(RaPID) curriculum at the University of Saskatchewan.

WHAT DOES THE STUDY INVOLVE?

Participation in the study will not require any action beyond that required to participate in the CVC module of the RaPID curriculum. The
study will randomize you into either the two-dimensional or three-dimensional instructional videos for the procedure, but the course will
otherwise be unchanged. It will involve instruction on the insertion of CVC, practice inserting CVC into task trainers using ultrasound,
and three recorded assessments of the procedure being performed.

Study data will be collected via:

-A brief questionnaire that will follow this consent form to gather data on the participants’ demographics and previous CVC insertion
experience.

-A brief survey following each session that will describe your feelings regarding CVC insertion.
-A program evaluation survey completed at the end of the course.

Those electing not to participate in the research will provide the same data as part of the course, but it will not be used for research
purposes.

All research participants will have their videos uploaded to an encrypted, password protected hard drive. After uploading, all copies of
these videos will be deleted from the mobile device. The videos will then be reviewed by two or more expert clinicians.

WHAT ARE THE BENEFITS OF PARTICIPATING IN THIS STUDY?

If you choose to participate in this study, there may or may not be direct benefits to you. It is hoped the information gained from this
study can be used in the future to benefit other residents learning CVC.

ARE THERE POSSIBLE RISKS AND DISCOMFORTS?
Risks associated with video recording the performance of skills include risks to privacy and confidentiality, including the fear of being
thought of poorly from colleagues, peers, or instructors for poor performance. We ask that you do not discuss the performance or other

outcomes of other participants during, or after this study for the purposes of confidentiality. We do not anticipate any physical harm or
discomfort, but it is possible that participants randomized to the 3D group may become disoriented by the experience. Participants that

FIGURE 6: Appendix A - 2
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do not wish to continue with the study for this reason will be given the chance to watch the video in 2D instead.

WHAT HAPPENS IF | DECIDE TO WITHDRAW?

While participation in the RaPID CVL module is part of your residency, your participation in this research is voluntary. You may withdraw
from this study at any time without providing a reason. There will be no penalty or loss of benefits if you choose to withdraw and your
future clinical training or educational standing will not be affected. If you choose to enter the study and then decide to withdraw later,
data collected about you that has not already been anonymized for analysis will be removed.

WILL | BE INFORMED OF THE RESULTS OF THE STUDY?

We anticipate that this study will be presented at academic conferences and published in a scholarly journal.

WHAT WILL THE STUDY COST ME?

You will not be charged for any research-related procedures. You will not receive any compensation, or financial benefits for being in
this study, or as a result of data obtained from research conducted under this study.

WHAT HAPPENS IF SOMETHING GOES WRONG?
By signing this document, you do not waive any of your legal rights.

WILL MY TAKING PART IN THIS STUDY BE KEPT CONFIDENTIAL?

Your confidentiality will be r No i on that discl your identity will be released or published without your specific
consent to the disclosure. However, research records identifying you may be insp inthe p of the i or or his or her
designate by the University of Saskatchewan Behavioral Research Ethics Board for the purpose of monitoring the research. The
results of this study may be presented in a scientific meeting or published, but your identity will not be disclosed

WHO DO | CONTACT IF | HAVE QUESTIONS ABOUT THE STUDY?
If you have any questions or desire further information about this study before or during participation, you can contact Dr. Brent Thoma
at 306-881-0112, Dr. Megan Deck at 306-531-2331, or Dr. Julie Yu at 306-655-1183.

If you have any concerns about your rights as a research participant and/or your experiences while participating in this study, contact
the Chair of the University of Saskatchewan Research Ethics Board, at 306-966-2975 (out of town calls 1-888-966-2975). The
Research Ethics Board is a group of individuals (scientists, physicians, ethicists, lawyers and members of the community) that provide
an independent review of human research studies. This study has been reviewed and approved on ethical grounds by the University of
Saskatchewan Research Ethics Board.

CONSENT TO PARTICIPATE

Study Title: Does video feedback and modelling reduce mean time to perform peripheral intravenous cannulation? A pilot study

| have read (or someone has read to me) the information in this consent form.

| understand the purpose and procedures and the possible risks and benefits of the study.

| was given sufficient time to think about it.

I had the opportunity to ask questions and have received satisfactory answers.

I understand that | am free to withdraw from this study at any time for any reason and the decision to stop taking part will not
affect my future relationships.

| give permission to the use and disclosure of my de-identified information collected for the research purposes described in this
form.

| understand that by signing this document | do not waive any of my legal rights.

1 will be given a copy of this consent form (paper or electronic)

1.1 agree to participate in this study:
Yes

No

FIGURE 7: Appendix A - 3
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2. Please provide your name and site of training.

Name

City/Town

3. What is your gender?
Male
Female
Other

Prefer not to respond

4. How old are you?

5. Which is your dominant hand?
Left Hand
Right Hand
Ambidextrous

Other (please specify)

6. What Residency Program are you in?
Anesthesiology
Family Medicine-Anesthesia (PGY3)
Emergency Medicine
Family Medicine-Emergency (PGY3)
General Surgery

Internal Medicine

FIGURE 8: Appendix A - 4
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7. Have you received formal Central Venous Catheter insertion training in the past?

Yes

No

8. If you answered yes to Question 6, please describe the training that you received and the context you

received it in:

9. How many central lines have you previously placed?

0

50+

Note the following questions are only for research purposes only, and will not influence your assessment in the RaPID course or your

involvement in the study.

10. Did you review the Pre-Course material?

Yes
No

Partially

FIGURE 9: Appendix A - 5

Appendix B

Item

360fly 4K Camera

Samsung S6 Smart Phone

3D Virtual Reality Headset (Samsung Gear VR Reality Headset 2016 Edition)
360 Camera Mount

External Hard Drive (Seagate Backup Plus Slim 1TB)
Samsung S6 Camera Mount

Adobe Video Editing Software (Adobe Premiere Pro)
CVC Insertion Kits

CVC Femoral Task Trainers

CVC Jugular Task Trainers

CVC Femoral Task Trainer Inserts

CVC Jugular Task Trainer Inserts

TABLE 3: Itemized list of utilized program equipment

Appendix C

2021 Mah et al. Cureus 13(3): €13661. DOI 10.7759/cureus.13661

Vender

Amazon

Amazon

Amazon

Amazon

Amazon

Amazon

Adobe

Teleflex

Simulab

Simulab

Simulab

Simulab

Quantity
1

4

Total Cost (CAD)
$469.96
$2,152.76
$259.96
$168.99
$79.96
$107.20
$239.98 (USD)
$10,570
$6,600

$5,400
$10,200

$7,800
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1. Participant Name

The following assessment is used to measure your personal opinion on how much workload was required of you during the task you
just completed.

In this assessment, you will first be asked to rate six workload measures.

After you have completed the ratings, you will be asked to compare which of two workload measures is more important than the other
when considering the task you just completed. You will be asked to answer 15 of these pairings.

There is no right or wrong answer

2. Mental Demand: How mentally demanding was the task?

Very Low Very High

3. Physical Demand: How physically demanding was the task?

Very Low Very High

4. Temporal Demand: How hurried or rushed was the pace of the task?

Very Low Very High

5. Performance: How successful were you in accomplishing what you were asked to do?

Very Low Very High

6. Effort: How hard did you have to work to accomplish your level of performance?

Very Low Very High

FIGURE 10: Appendix C - 1

7. Frustration: How insecure, discouraged, irritated, stressed, and annoyed were you?

Y
erytow Very High

FIGURE 11: Appendix C - 2
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Sharek, D. (2009). NASA-TLX Online Tool (Version 0.06)(Internet Application]. Research Triangle, NC. Retrieved from
http://mww.nasatlx.com
8. Of the two workload measures below, which one contributed the most to the task you just completed?
Frustration

Effort

9. Of the two workload measures below, which one contributed the most to the task you just completed?
Mental Demand

Effort

10. Of the two workload measures below, which one contributed the most to the task you just completed?
Effort

Performance

11. Of the two workload measures below, which one contributed the most to the task you just completed?
Performance

Temporal Demand

12. Of the two workload measures below, which one contributed the most to the task you just completed?
Temporal Demand

Frustration

13. Of the two workload measures below, which one contributed the most to the task you just completed?
Temporal Demand

Effort

14. Of the two workload measures below, which one contributed the most to the task you just completed?
Temporal Demand

Mental Demand

FIGURE 12: Appendix C - 3

2021 Mah et al. Cureus 13(3): €13661. DOI 10.7759/cureus.13661 14 of 22


https://assets.cureus.com/uploads/figure/file/178266/lightbox_ce55f4004eec11ebb778f90e4c7a7b87-Appendix-C---3.png

Cureus

15. Of the two workload measures below, which one contributed the most to the task you just completed?
Effort

Physical Demand

16. Of the two workload measures below, which one contributed the most to the task you just completed?
Physical Deamdn

Temporal Demand

17. Of the two workload measures below, which one contributed the most to the task you just completed?
Performance

Mental Demand

18. Of the two workload measures below, which one contributed the most to the task you just completed?
Frustration

Mental Demand

19. Of the two workload measures below, which one contributed the most to the task you just completed?
Mental Demand

Physical Demand

20. Of the two workload measures below, which one contributed the most to the task you just completed?
Physical Demand

Performance

21. Of the two workload measures below, which one contributed the most to the task you just completed?
Physical Demand

Frustration

22. Of the two workload measures below, which one contributed the most to the task you just completed?
Performance

Frustration

FIGURE 13: Appendix C - 4
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1. Evaluator Name

2. Participant ID

3. Video Number

Based on the video, please evaluate the residents entrustability to complete the following Entrustable Professional Activity:

4. The resident is able to place a central venous catheter under ultrasound guidance with
appropriate preparation, draping, and confirmation of venous placement.

1- "I had to do" 4 -“I needed to be there just in case”
2 - "l had to talk them through” 5 - “l didn't need to be there”

3 - “I needed to prompt”

Please rank the extent the participant was able to perform these specific technical abilities

5. Time and Motion

Competent to perform Above average to perform
Not competent to perform independently. independently.
independently. Borderline competent to perform Efficient but some unnecessary  Economy of movement and
Many unnecessary movements independently. movements. maximum efficiency.
i
|
6. Instrument Handling |
Not competent to perform Competent to perform Above average to perform
independently. independently. independently.
Repeated awkward or tentative Borderline competent to perform Competent, occasionally Fluid handling of instruments,
handling of instruments. independently. appeared stiff or awkward. no stiffness or awkwardness.
FIGURE 14: Appendix D - 1
7. Knowledge of Instruments = = = - T |
|
Not competent to perform Competent to perform Above average to perform
independently. independently. independently.
Frequently used inappropriate Borderline competent to perform Used appropriate instrument for Obviously familiar with required
instruments. independently. task. instruments.
8. Flow of Procedure
Not competent to perform Competent to perform Above average to perform
independently. independently. independently.
Freq J and d Borderline competent to perform  Demonstrated reasonable Obviously planned procedure,
unsure of next step. independently. progression of procedure. smooth flow.
9. Knowledge of Specific Procedure
Not competent to perform Competent to perform Above average to perform
independently. independently. independently.
Would have needed instruction Borderline competent to perform Seemed to know most steps of Demonstrated familiarity with all |
to complete most steps. independently. procedure. aspects of procedure.

FIGURE 15: Appendix D - 2
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10. Did the participant display the following?

Yes

Applies Sterile Prep
Solution

Applies full body sterile
drape to mannequin and
to U/S Machine

Ultrasound scan for
appropriate landmarks,
and obtains ideal view of
internal jugular and
carotid artery

Inserts seeker needle on
syringe with live, direct
visualization with
ultrasound image
Correctly inserts
guidewire through
needle into vein with
control, J-Tip first,
smoothly

Smooth skin incision with
scalpel

Gentle, easy dilation with
dilator (halfway insertion,
tension placed at end of
dilator, wire controlled
throughout)

Central venous line
thread, with wire control
and visualization

11. How many attempts were made

Did any of the following occur?

12. The learner contaminated the sterile field
Yes

No

FIGURE 16: Appendix D - 3

2021 Mah et al. Cureus 13(3): €13661. DOI 10.7759/cureus.13661

17 of 22


https://assets.cureus.com/uploads/figure/file/178270/lightbox_4936dcc04eed11ebb5390d7225b5358b-Appendix-D---3.png

Cureus

13.The Iearﬁapunctured the artery
Yes

No

14. The learner cannulated the artery
Yes

No

Yes

No

16. The learner was unable to complete the procedure in the allotted time

Yes

No

FIGURE 17: Appendix D - 4

15. The learner was unable to flush the catheter lumens

Appendix E

UNIVERSITY OF
SASKATCHEWAN

ETELM - LP

1. Please indicate your level of agreement with the following from 1 (strongly disagree) to 7 (strongly agree) |

1-strongly
Disagree 2 3 4 s

Instructions provided a
‘good introduction to the:

Course objectives,
expectations, and
policies were clearly
stated

The course was well
organized

Course objectives were
felevant o my needs

Navigation of the
technology.-based
components of the
course was logical,
consistent, and efficient

The course technologies.
and media supported the
learning objectives

Tris course did not
equire inappropriately
high technology skills

1 id not have significant
technical problems
during this course

‘The educational activties
encouraged engagement
with course material/
content

‘The educational activtes
promoted achievement of
the coruse objectives

FIGURE 18: Appendix E - 1
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7-stongly |
6 Agree |

There was a stong.
instructor presence /
personal touch in the
course

Educatonal activites
encouraged interaction
and collaboration with
other partiipants

‘The course effectively
blended online and face-
to-face elements

Assessments were
‘appropriated for the
course objectves,
content, and activtes

1had sufficient
‘opportunity 1o assess
and reflect upon my.
learning progress

I received adequate
feedback on my learning
progress.

Ihad suficient
opportunity o evaluate /
provide feedback on the
course

Ireceived adequate
support for any technical
issues encounted during
the course.

I received adequate
‘support for any questions.
or concerns | had about
my leaming

1 was provided enough
time to meet/ exceed the.
course requirements

“The video of an
experienced cinician
‘demonsirating the skill
was effective o helping
me leam

There was enough time
10 watch the video review
of the procedure

1-sStrongly
Disagree

7- Songly
Agree
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1-Strongly 7- Suongly 4.1D0 you think the video review improved your learning experience, why or why not?
Disagree 2 3 4 s 6 Agree
The qualy of the video

review of the procedure

elped me o lear the

skl

n Please take a few minutes 1o share your ideas.
1 fet uneasy when

watching the video

eview of the procedure 5. Do you have any suggestions to improve the course? Please outline anything you would change, add, or
The video review of the remove?

procedure was

consistent with the

instructor' teaching and

pre-course maerial

The video review of the

procedure contributed to 6. Overall, what elements of this course most contributed to your excitement and engagement as a

the achievemen of learner?

objectives

1 was satisfied with the
ength of time spent on
the course:
1 was satisfied with the 7.1s there anything that could have been done to improve your engagement?
overall effectiveness of
the instructors
1was satisfed with the.
overal qualiyof the
course
8.1s there anything else you'd like to share about your experience in this course?
1 would recommend this
course 0 other PGY-1
Residents
“This course will mprove:
my care for patents

2. How did the video review of the procedure improve the learning experience?

3. How did the video review of the procedure inhibit the learning experience?

FIGURE 19: Appendix E - 2
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ETELM Descriptor Average Rating
Instructions provided a good introduction to the course 5.9
Course objectives, expectations, and policies were clearly stated 6.2
The course was well organized 5.9
Course objectives were relevant to my needs 6.2
Navigation of the technology-based components of the course was logical, consistent, and efficient 5.8
The course technologies and media supported the learning objectives 5.9
This course did not require inappropriately high technology skills 6.2
I did not have significant technical problems during this course 5.9
The educational activities encouraged engagement with course material / content 6.0
The educational activities promoted achievement of the course objectives 6.1
There was a strong instructor presence / personal touch in the course 6.2
Educational activities encouraged interaction and collaboration with other participants 5.8
The course effectively blended online and face-to-face elements 5.7
Assessments were appropriate for the course objectives, content, and activities 6.0
| had sufficient opportunity to assess and reflect upon my learning progress 6.1
| received adequate feedback on my learning progress 6.2
| had sufficient opportunity to evaluate / provide feedback on the course 6.1
| received adequate support for any technical issues encountered during the course 6.2
| received adequate support for any questions or concerns | had about my learning 6.2
| was provided enough time to meet / exceed the course requirements 6.3
The video of an experienced clinician demonstrating the skill was effective to helping me learn 5.9
There was enough time to watch the video review of the procedure 6.1
The quality of the video review of the procedure helped me to learn the skill 5.9
| felt uneasy when watching the video review of the procedure 2.8
The video review of the procedure was consistent with the instructor's teaching and pre-course material 5.9
The video review of the procedure contributed to the achievement of course learning objectives 5.9
| was satisfied with the length of time spent on the course 5.8
| was satisfied with the overall effectiveness of the instructors 6.4
| was satisfied with the overall quality of the course 6.3
I would recommend this course to other PGY-1 residents 6.4
This course will improve my care for patients 6.3

TABLE 4: Modified evaluation of technology-enhanced learning materials - learner perspective
(ETELM-LP) results

1: Strongly Disagree; 2: Disagree; 3: Somewhat Disagree; 4: Neither Agree Nor Disagree; 5: Somewhat Agree; 6: Agree; 7: Strongly Agree

Additional Information
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