
Page 1/15

The Skill Training of Resident Anesthesiologists
During the Outbreak Of COVID-19
Min Xie 

Sichuan Academy of Medical Sciences & Sichuan Provincial People's Hospital
Qin Zhou 

Sichuan Academy of Medical Sciences & Sichuan Provincial People's Hospital
Yuanyuan Kang 

University of Houston Downtown
Ping Qing 

West China School of Medicine, Sichuan University
Yang Guo 

Sichuan Academy of Medical Sciences and Sichuan People's Hospital
Xinchuan Wei 

Sichuan Academy of Medical Sciences & Sichuan Provincial People's Hospital
Bing Cai 

Sichuan Academy of Medical Sciences & Sichuan Provincial People's Hospital
Jie Zeng 

Sichuan Academy of Medical Sciences & Sichuan Provincial People's Hospital
Jianxin Huang  (  34335091@qq.com )

Sichuan Academy of Medical Sciences & Sichuan Provincial People's Hospital

Research article

Keywords: multimodal teaching, simulation teaching, video feedback, donning and do�ng, personal
protective equipment, theory tests, skill assessment, the coronavirus disease 19

Posted Date: January 14th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-144144/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-144144/v1
mailto:34335091@qq.com
https://doi.org/10.21203/rs.3.rs-144144/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/15

Abstract
Background: With the spread of the coronavirus disease 19 (COVID-19), Sichuan provincial people's
hospital, at the frontline �ghting this public health crisis, took a lead in the reception, diagnosis and
treatment of patients with COVID – 19 in the greater Sichuan area. As an effort to prevent nosocomial
infections among the medical staff, we switched from the traditional face-to-face instruction to a web-
based multimodal teaching model in our resident training program. Speci�cally, we explored ways to
provide remote training in the proper procedure of donning and do�ng of personal protective equipment
(PPE). The purpose of the study was to evaluate the effectiveness of various teaching methods in
teaching clinical skills of our residents during the epidemic period.

Methods: 72 resident anesthesiologists (1st to 3rd year) were recruited to receive remote skill training on
donning and do�ng of PPE. In this study, all participants received instructional videos/text for the proper
protocol, in addition to watching a live-stream instructional video that simulated the procedure of donning
and do�ng of PPE. We matched the residents by year and divided them into two groups through a
WeChat Draw Program. The video feedback (VF) group recorded and submitted videos of simulated
donning and removing PPE followed by a debrie�ng session through a collaborative WeChat learning
group. The independent learning (IL) group did not record videos, but were encouraged to consult with
their instructors by WeChat or phone if they had any questions. Then the two groups completed
questionnaire as well as theory tests and skill assessment.

Results: The VF group responded positively to the additional video-recording/debrie�ng approach. We did
not observe any signi�cant difference between the two groups in theoretical test scores. However, the VF
group had signi�cantly higher performance than the IL group in skill assessment.

Conclusion: The web-based teaching, simulation teaching and video feedback model is an effective
alternative to the conventional face-to-face instruction as part of an adapted resident training curriculum
involving donning and do�ng of protective equipment during an epidemic outbreak. 

Background
At the end of 2019, Wuhan, China, witnessed an outbreak of pneumonia caused by the novel coronavirus
(SARS-CoV-2) infection, which quickly spread to other Chinese regions and later to the rest of the world by
March of 2020 [1]. Due to the initial lack of knowledge regarding the nature of those cases, there was
high occurrence of cross-infection in hospitals affecting the medical staff during the processes of
diagnosis and treatment [2]. Among them, the most vulnerable were the residents in training who often
lacked experience in the proper procedures of prevention and control of infectious diseases. Therefore, it
is necessary to implement/strengthen proper training in infectious disease response protocols to ensure
appropriate care and safety of healthcare staff and patients. Currently, with ~29 million cumulative
positive cases globally, many training programs shifted to distance education. Under current
circumstances, web-based teaching might be a better alternative to the conventional face-to-face
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instruction because of its bene�ts of safety and �exibility [3, 4]. The latter includes �exible time, location
and potential for repeated instruction [5, 6].

Web-based teaching, whether delivered synchronously or asynchronously, usually focuses on content
delivery, but emerges as a valid approach for clinical skill training as well with some successes [7]. We
need more work to evaluate the effectiveness of such remote pedagogy with the goal to compile a list of
best practices and teaching modules for web-based clinical skill training. For instance, we can introduce
clinical skills to students through live or recorded demonstration in addition to written instructions.
Students can practice and reinforce newly learned skills to the level of mastery through simulation-based
training combined with a feedback mechanism [8, 9]. Compared to clinical training with real patients,
simulation training is safer and allows for the acquisition of clinical skills through deliberate repeated
practices [10, 11]. During the pandemic period, students lacked access to PPE, which was in high
demand. Therefore, we may substitute medical-grade PPE with household items as simulation tools. In
our study, we explored how effective this new training module is to provide residents necessary training
for the proper procedure of donning and do�ng PPE.

Methods
Our study protocol was reviewed by the Ethics Committee of Sichuan Provincial People’s Hospital with
the written informed consent obtained from all participants.

1. Research object: 72 medical residents ranging from the �rst to the third year in training in the
department of anesthesiology participated in the study (Figure 1). Initially, residents in each year were
encouraged to volunteer to participate in the video feedback intervention. However, nobody wanted to
participate. In the end, we randomly assigned half of the participants to the VF group and the other half to
the IL group matched by year through WeChat Draw Program.

2. Teaching methods: We developed all instructional materials and rubrics based on the donning and
do�ng of PPE protocol as established in the Sichuan provincial people's hospital. We adopted
multimodal teaching approaches to accommodate different learning preferences by our students. For the
sake of transparency, all residents in the VF and IL groups received training videos, the standard
procedure in the text format, as well as the rubrics for assessing their skills [12]. In the meanwhile, all
residents in the VF and IL groups watched a live streaming demonstration where instructors simulated
the donning and do�ng of PPE protocol using household items including hooded zipper coats, hats,
plastic bags, swimming goggles or regular glasses. During the demonstration, instructors explained in
detail how to put on and remove PPE properly with emphasis on the key points to ensure safety and
avoid contamination in the procedure.

For the VF group, the residents recorded videos of themselves repeating the newly taught procedure using
household items and shared those videos to a WeChat group jointly set up by a consultation team of
specialists in clinical skills (Figure 2AB). For residents in each year, 3 or 4 select videos were uploaded to
the WeChat group at a �xed time for 4 consecutive days. The specialist team comprised of 1 instructor
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from the clinical skill training center and 5 nurses with previous experience in handling PPE from the fever
outpatient and isolation ward. Collaboratively, they conducted many-to-one evaluation and gave custom
feedback to each submitted video. Two instructors from the anesthesia-teaching group served as
moderators of the evaluation process and provided a summary of all comments to help students
understand and resolve their mistakes (Figure 2CD). Residents in the VF group as part of the WeChat
group were encouraged to discuss with any instructor about details about how to dress and remove PPE
in clinical practices. The instructor team was responsible for answering questions and sharing their own
professional experiences from clinical work. Residents in the IL group did not join the WeChat group but
instead, carried out learning independently with provided instructional resources and encouraged to
consult with the same specialist team by WeChat or phone if they had questions.

After the learning phase, all residents in both groups completed a questionnaire and a theory test online.
After 2 weeks when the COVID-19 was under control in the Sichuan province, the instructors performed in-
person skill assessment in batches (Figure 2EF). At the end of the assessment, instructors reinforced the
development of those skills and ensured their mastery through targeted training on all residents once
again.

3. Evaluation methods:

3.1 Resident evaluation questionnaire. All recruited participants were required to answer the following
questions: the reasons why residents were reluctant to participate in the video feedback teaching initially;
the membership in the video feedback or the independent group; the duration of their video recording.

In addition, the residents in the VF group gave scores that re�ected their level of satisfaction in the areas
of teaching format, learning gain and the quality of instruction, along with suggestions for improvement.

3.2 Theory tests. Residents conducted theory tests on the donning and do�ng of PPE. The test
comprised of 18 multiple-choice questions and 2 �ll-in-the-blank questions, all of which were part of the
standardized test database from the Sichuan provincial people's hospital.

3.3 Skill assessment of donning and do�ng PPE. Residents demonstrated the process of putting on and
removing PPE in person. Instructors assessed their levels of mastering key techniques in batches using
the same rubric.

4. Quality control: We timed all online tests to ensure integrity. Residents completed the questionnaires
anonymously. The same instructors conducted in-person skill assessment of all residents to ensure
consistency in the evaluation process.

5. Statistical methods: The statistical software SPSS20.0 was used for statistical analysis of the data.
The one-way ANOVA test was employed for comparison between groups followed by the Fisher's Least
Signi�cant Difference (LSD) post hoc test with P < 0.05 considered statistically signi�cant.
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Results
Questionnaire survey analysis of residents in the two groups.

The initial call for volunteering failed with no residents signing up to be in the VF group, which suggested
some level of hesitation and resistance to new web-based pedagogy. To understand the roots of their
hesitation, we inquired into their reasons for not signing up and found out that the majority of students
felt unprepared for such exercises because of lack of props (56.94%) or inexperience in video recording
(40.28%) (Table 1). Other factors indicated signs of emotional unpreparedness. In order to recruit enough
participants for each group, we adopted a lottery system and randomly assigned ~ 50% of residents in
each year to the VF group and the other 50% to the control group where they conducted independent
study. After the lottery placement, 50% of residents in the IL group felt relieved whereas only 30.55% were
disappointed, consistent with the notion that residents felt ill prepared for this new approach.

Despite the initial resistance, residents who participated in video feedback demonstrated engagement in
the process and reported satisfactory outcomes. Speci�cally, 50% of students spent 30 to 60 minutes on
recording their own practice videos whereas 29% spent longer time (Table 1). After custom feedback from
instructors, residents reported high levels of satisfaction with 8.57out of 10 points for learning gain, 8.69
points for the teaching format and 9.30 points for instructor performance (Table 1).

Theoretical and operational assessment of donning and do�ng of PPE.

Comparison between the two groups matched by year showed that there was no statistically signi�cant
difference in their performance in the theory tests (p > 0.05, Table 2). However, when assessed for
practical skills, the video feedback group out-performed the control group by a large margin (p < 0.001,
Table 2). Despite their high scores in the theory tests, the independent group scored an average of ~ 15%
lower across three years in their practical skills, suggesting the importance of personalized feedback
intervention in training clinical skills. Furthermore, we did not see any signi�cant difference (p > 0.05)
between VF or IL residents across different years in both theory tests and skill assessment, suggesting
that neither prior knowledge nor existing skills was a signi�cant factor to affect learning.

Common mistakes seen during skill assessment.

In order to understand how the VF group out-performed the IL group in their �nal skill assessment, we
summarized the common mistakes seen during the donning and do�ng phase, respectively, in both
groups and compared their occurrence frequencies (Table 3). In general, students from both groups made
fewer mistakes in the donning phase (Category 1–4) with fewer students making them (0-5.88% in VF,
5.26–13.15% in IL) compared to those (5.88–41.88% in VF, 18.42–78.95% in IL) in the do�ng phase
(Category 5–10). The one category everyone seemed to have di�culty with was rolling the protective
gown with 78.95% of the IL group vs 41.18% of the VF group failing in this category. Across all but one
category (2–10), the VF group has fewer students making the same mistakes compared to the IL group.
We attribute this difference to the error correction through the video feedback mechanism since the VF
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group had higher occurrence for most mistakes during the learning phase (* in Table 3). Interestingly, the
VF group seemed to have done better for some categories in the learning phase already (marked with ¸*),
suggesting possible difference at the baseline level between the two groups. Nevertheless, we conclude
that the simulated teaching followed by video feedback is an effective practice to identify and close gaps
between student performance and skill mastery.

The Independent Learning Group
The IL group served as the control in our study. They received the same multimodal instruction and were
encouraged to practice the skills at home and consult with instructors for assistance. However, they were
not required to provide any evidence of practice. Out of 38 students, only two residents sought help with
some details of how to put on goggles and roll the protective gown properly, for which they received
detailed and targeted explanation from the instructor.

Discussion
With the transition from traditional lecture-based instruction to active learning, many educators have
explored ways to motivate students and maximize student-instructor or student-student interaction. When
balanced with clear learning outcomes and the appropriate level of organization, active learning
motivates and engages all students, stimulates in-depth discussion and fosters collaborative learning.
The digital age has revolutionized the ways people receive and learn new information and skills, which
presented challenges and opportunities. Superior to the conventional in-person instruction, web-based
teaching can be asynchronous, multi-modal and more accessible and sharable [13]. With the
development of new information technology and increasingly open access to the internet, we have more
digital tools to explore creative ways to replicate the face-to-face active learning environment [14]. With
the increasing popularity of online teaching, such pedagogical innovations are necessary in hospitals
with resident training programs. Previous studies proposed that the keys to improving web-based
instruction quality and enhancing student learning are student motivation and timely feedback [15, 16].
Simulation modules have been developed and widely used in clinical skill trainings in medical schools,
including for patient communication, emergency airway management and basic life support [8,17~23]. In
our model, we explored ways to incorporate these evidence-based pedagogical principles and practices
into our remote instruction and yielded satisfactory results in the acquisition of key skills in the donning
and do�ng of PPE.

The unexpected outbreak of novel coronavirus pneumonia led to social distancing and quarantine
practices and posed unprecedented challenges, which we resolved by web-based pedagogical
advancement. To begin with, we adopted a multimodal approach to accommodate different preferences
for learning modality, which include visual (instructional video), auditory (audio explanation), read
(protocol in text) and kinetics (simulation teaching). Following the live-streaming demonstration of
simulated donning and do�ng of PPE techniques, our department designed an intervention phase where
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students recorded videos of themselves practicing the procedure and uploaded them to the WeChat
platform for feedback [24, 25]. The WeChat platform is the most widely used social media in China with
multiple functions such as hosting meetings, broadcasting and �le sharing. Therefore, it serves as the
best accessible digital option. In countries outside China, similar softwares such as Microsoft Team and
OneNote can serve as an alternative platform. Compared to the independent study group, residents who
participated in the video feedback demonstrated signi�cantly higher competency in proper handling of
PPE. We attribute this success to several competency based active learning practices. 1. In the effort to
record a successful video, the trainees had to practice repeatedly, which in effect resulted in the
meaningful connection between the theoretical knowledge and the practical operation and eventually
increased pro�ciency among trainees [26]. 2. We evaluated their newly acquired skills in details and then
reinforced through instructor and peer feedback in a collaborative environment, which eventually led to
mastery of those techniques. 3. The repeated asynchronous video feedback mechanism mimics the real-
time intervention and guidance students receive in face-to-face training sessions where instructors
closely monitor student progress and provide targeted feedback. 4. The independent learning group may
have not done the necessary practices as instructed due to the lack of a supervision mechanism.
Coincidently, the IL group had higher prevalence of common mistakes compared to the VF group. It is
possible that our student were not accustomed to web-based teaching modules and needed more
practice in self-directed learning (SDL), which is a learned skill and depends on past learning experiences
[27]. Some of best practices in current SDL models employed directed studies, followed by a debrie�ng
phase where students receive feedback and targeted instruction [24]. While we could not rule out the
possibility that the VF group may have had higher SDL skills because they made fewer mistakes in the
learning phase (Table 3), they still showed further improvement during the �nal skill assessment,
validating the bene�ts of the video feedback intervention.

Taken together, these active learning strategies led to speci�c improvement in practical skills but made no
difference in gains in conceptual knowledge. For trainees who did not participate in the video feedback
intervention, they missed the bene�ts of applying key concepts to practices and custom feedback to
correct mistakes. Therefore, a live streaming demonstration of practical skills followed by self-practices
subject to asynchronous but frequent instructor and peer feedbacks serves as a good model to improve
students' mastery of clinical skills in online learning. In the meanwhile, we did not observe any difference
in the theory and operational scores among the residents across three years, suggesting that prior
experience or knowledge provided no advantage. It is likely that handling of PPE is a new skill and
therefore its acquisition does not depend on prior clinical skills.

In our questionnaire, we found that most residents who participated in the video feedback intervention
felt that the teaching format was friendly and pleasant with enough �exibility. This contrasts with the
initial resistance to participate in the video feedback intervention from all participants, suggesting a shift
in student’s attitude toward web-based learning as the additional positive outcome from the study. It is
also possible that in the initial recruiting process, we did not explicit expectations from participants,
which led to confusion or anxiety among them. For instance, we were surprised to learn that the top
reason for not participating was the lack of props at home. In retrospect, we should have provided more
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explanation on how to choose props from household items. Due to the lack of volunteers, we switched to
a lottery system while giving participants options to opt-out when their names were drawn. Two �rst-year
residents won the lottery but later refused to participate in the video feedback intervention for fear of
performance. Another 11 students were disappointed for not being selected to participate in the video
feedback teaching. We feel that the lottery system may have served as a better way to ensure the same
baseline of motivation between the two groups because students did not self-select themselves for the
experimental group. In order to probe further into student’s experience, we collected written comments
from the video feedback groups from whom we received 41 valid suggestions as summarized in the
following points.

1. The preparation time of recording video is long, which is only suitable for the current severe epidemic
period when workload is relatively light.

2. The whole process is too long with delayed feedback. Instructors should watch all videos and
prepare comments in advance to avoid delaying the training time by typing and sending comments.

3. Even though using household items was a creative training method, it does not substitute working
with real PPE.

We conclude that in order to achieve desired learning outcomes and ensure quality online learning,
especially in mastering clinical skills, the training plan must incorporate practices that simulate the
interactive and collaborative learning environment in the face-to-face setting. To do so, we have to
implement a mechanism where students take initiatives in their own learning and have the opportunities
to practice while receiving immediate feedbacks to guide their learning process. It is also necessary that
students re�ect on their own learning and provide feedback to instructors, which can be challenging to
achieve in the common one-way online teaching methods. However, this pedagogical approach might not
bene�t students who are uncomfortable for sharing videos of themselves on social media. Lastly,
occasional distortions in video recording and web-based demonstration also affect the quality of
instruction [28].

Limitations
The study involved 72 residents in the department of anesthesiology, which was a small sample size. The
baseline levels of knowledge and skills on donning and do�ng PPE were not assessed, making it
impossible to conduct pre- and post- comparison. Lastly, even though a standardized scoring rubric in
skill assessment was used, the assessment was conducted by the instructors, which might lead to
potential bias in the scoring process.

Conclusion
The web-based teaching and video feedback model of simulated donning and do�ng PPE serves as a
good alternative to the in-person skill-training model during the epidemic period. Our multimodal teaching
model is effective in improving the clinical skills of resident physicians in properly handling PPE,



Page 9/15

cultivating the ability of students to learn independently and enhancing students' satisfaction with online
teaching. In order to maximize the effectiveness of clinical skill trainings, we need to continue to explore
creative ways to incorporate multiple instructional methods and follow their best practices to meet the
learning needs of our students in online instruction.

Abbreviations
COVID-19:coronavirus disease2019 ;PPE:personal protective equipment;VF:video feedback;IL:independent
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Figure 1

Teaching �owchart.
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Figure 2

Images showing the comparison between simulations of the donning and do�ng of PPE at home with
household items (A, B) and skill assessment using real PPE (E, F). C and D show the video feedback
process in the WeChat.
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