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Abstract

Background

Clinical procedural skills are vital components of medical education. Increased student

intake and limited capacity of medical schools necessitate more efficient ways to deliver clin-

ical skill teaching. This study employed a flipped classroom, peer-assisted learning

approach to deliver clinical skill teaching. It aimed to determine the influence of pre-class

demonstration video watching and in-class student-student interactions on clinical skill

acquisition.

Methods

In 2017, a cohort of 205 medical students in their penultimate year of undergraduate medical

study were recruited, and they learned bag mask ventilation and intravenous cannulation

during this study. The participants watched a demonstration video before class, and then

underwent self-directed practice as triads. Afterwards, each participant video-recorded their

skill performance and completed post-class questionnaires. The videos were evaluated by

two blinded assessors.

Results

A hundred and thirty-one participants (63.9%) completed the questionnaire. For bag mask

ventilation, participants who claimed to have watched the corresponding demonstration

video before class achieved higher performance scores (those who watched before class:

7.8 ± 1.0; those who did not: 6.3 ± 1.7; p < 0.01). For intravenous cannulation, while there is

no significant difference in performance scores (those who watched before class: 14.3 ±
1.3; those who did not: 14.1 ± 1.4; p = 0.295), those who watched the video before class

received less interventions from their peers during triad practice (those who watched before

class: 2.9 ± 1.8; those who did not: 4.3 ± 2.9; p < 0.05). The questionnaire results showed

that most participants preferred the new approach of clinical skill teaching and perceived it

to be useful for skill acquisition.
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Conclusion

The flipped classroom, same-level peer-assisted learning model is potentially an effective

way to address the current challenges and improve the efficiency of clinical procedural skill

teaching in medical schools.

Introduction

Medical and health care students are required to master clinical procedures such as cannula-

tion, ventilation support, physical examination and more, in order to become medical and

health care professionals who can competently carry out these procedures in various clinical

settings [1]. The archaic adage of “see one, do one, teach one” had been the traditional way of

clinical training through observing real-life patient care [2, 3]. However, this approach is insuf-

ficient for modern days due to the increasing complexity of clinical procedures, in which case

not all individuals can safely perform a procedure after observing only once [4–6].

Both hands-on physical practice and observational practice are indispensable for clinical

skill acquisition. While observational practice is inferior to hands-on physical practice in

terms of helping learners to gain proficiency in carrying out a procedure, it allows learners to

process information including coordination patterns, subtle movements and possible difficul-

ties in performing the procedure. Processing such information during concomitant hands-on

practices is difficult [7, 8]. Many providers of medical and health care education substantially

increased their student intake in order to address the shortage of health care workers, and this

vastly increased the demand for individual opportunities to observe and practice procedural

skills [9–11]. Given the already limited capacity in medical school campuses and teaching hos-

pitals worldwide, this increased demand is not met. Studies across multiple medical schools in

the United States showed a trend of medical students being underexposed to essential clinical

procedures during their studies and feeling uncomfortable with performing these procedures

[12–15]. These phenomena highlight the necessity of more efficient ways to ensure sufficient

observational practice and physical practice opportunities in clinical skill teaching.

Dyad practice is useful for facilitating students’ alternation between physical practice and

observation practice in clinical skill learning [8]. Some studies showed that dyad practice

improved students’ skill performance in clinical skill training [16] as well as their ability to

apply the skills learnt in novel settings [17]. Some studies also looked at medical or nursing stu-

dents’ perception about dyad practices, and it was generally perceived that dyad practice facili-

tated information sharing, cross-checking, observing and getting support from peers. Students

also felt more confident in performing the task and applying the skills learnt in real work envi-

ronment [11, 18]. The participants from both of these studies also expressed their concerns

about reduced opportunity for individual hands-on practice in the dyad practice setting [11,

18], but another study found that with the same duration, dyad practice was non-inferior to

individual practice [19]. Furthermore, earlier studies on non-clinical procedural skills reported

that practicing as triads and tetrads led to similar outcome as individual and dyad practices

[20], but it is unclear if this principle applies to clinical skill learning as well.

The use of demonstration videos with exemplar or flawless demonstrations by clinical

experts can promote the accessibility of observational practice in clinical skill teaching [21, 22].

Multiple studies showed that a blended learning approach combining demonstration videos

with face-to-face teaching enhanced medical and nursing students’ knowledge and perfor-

mance of clinical procedural skills. This approach was generally well received by students
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because the video resources allowed repeated viewing and flexibility [23–35]. A comparative

study reported that medical students who had access to demonstration videos for physical

examination achieved better results in objective structured clinical examination, compared to

the cohort that did not have access [36]. However, some studies showed that while video exem-

plars as supplementary learning resources improved nursing students’ self-rated confidence

and understanding, they made no significant impact on their knowledge and skills in perform-

ing clinical procedures [37, 38]. Some studies also showed that video-based learning was non-

inferior to bedside tutorials and didactic lectures in terms of training clinical procedural skills

[39, 40].

In this study, we devised a new model of clinical skill teaching for medical students through

amalgamating flipped classroom and same-level peer-assisted learning. Many previous studies

focused on whether providing demonstration videos enhances clinical skill acquisition in com-

parison to traditional approaches [24, 25], but they did not report if the timing of video watch-

ing influenced skill acquisition. Therefore, the present study aimed to determine whether the

timing of video watching (i.e., pre-class versus in-class) would influence students’ clinical skill

acquisition, through having a proportion of participants being given access to the demonstra-

tion video prior to the practical class, while the others were given opportunity to watch the

demonstration video in class. During the practical class, the participants were divided into tri-

ads for self-directed practice.

The triad practice approach was designed based on a same-level peer dyad model previously

reported in multiple studies [8, 16, 17, 19] and an earlier study which showed that triad prac-

tice was non-inferior to dyad practice for non-clinical procedural skill acquisition [20]. Each

of the triads consisted of a “performer”, a “coach” and a “monitor”. The performer underwent

hands-on practice, the coach observed and offered just-in-time feedback and hints to the per-

former, and the monitor observed and assessed the performer’s skill performance and the

quality of feedback and hints given by the coach. While previous studies demonstrated the

effectiveness of dyad practice in the context of clinical skill acquisition [8, 16, 17, 19], they did

not study the effect of peer interaction per se. Therefore, in addition to measuring students’

skill performance after practicing as triads, this study also monitored student-student interac-

tion and behavior during triad practices.

Methods

Ethical approval

This study was reviewed and approved by the Institutional Review Board of the University of

Hong Kong / Hospital Authority Hong Kong West Cluster (UW 17–243). All participants pro-

vided informed consent to participate in this study.

Participants

We recruited 205 of 5th-year students in the 6-year undergraduate Medicine program at The

University of Hong Kong. The study took place between 1 August 2017 and 5 December 2017,

and our participants were scheduled to learn bag mask ventilation (BMV) and intravenous

cannulation (IVC) procedures at that time.

Learning materials

The demonstration videos were developed by GTCW in consultation with other clinicians and

disseminated to the participants via learning management system. The demonstration video

for BMV was 6 minutes and 24 seconds long. From 0:00 to 1:14, the essential equipment
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required for BMV was introduced. From 1:15 to 2:44, the procedures for assembling and

checking the self-inflating bag mask device were demonstrated. From 2:45 to 6:24, using a

combination of video footage, still images, voiceover narration and annotations, the BMV pro-

cedure was broken down. Each key step was explained in detail, and the common mistakes

were highlighted. It also highlighted issues that may arise during BMV and the techniques for

troubleshooting.

The demonstration video for IVC was 7 minutes and 13 seconds long. From 0:00 to 0:34,

the equipment required for IVC was introduced. From 0:35 to 5:40, using a combination of

video footage, still images, voiceover narration and annotations, the IVC procedure was bro-

ken down into key steps, and each of them was explained in detail while highlighting the com-

mon mistakes. From 5:40 to 7:13, the IVC procedure was demonstrated once again without

being broken down to key steps, and text annotations were added to signpost the key steps.

Lesson rundown

The face-to-face clinical skill teaching sessions were 3 hours long. Each session was moderated

by one tutor and accommodated 10 to 12 students, and all students practiced in a triad at least

once. One half of the teaching sessions covered BMV before IVC (BMV1st group), and the

other half covered IVC first (IVC1st group). The students were informed of the teaching

arrangement via email at least 5 days before the face-to-face teaching sessions. Students of

BMV1st group were instructed to watch the demonstration video for BMV before class; and for

the IVC1st group, the demonstration video for IVC.

At the start of the teaching sessions, students were randomly assigned into triads. Both the

coach and monitor were given access to the laminated handouts (S1 and S2 Files), the demon-

stration videos and the assessment rubrics (S3 and S4 Files) for quick reference while the per-

former was practicing. All students were given time to watch the assigned demonstration

video prior the triad practice in case they did not do so before class. The tutor observed each

triad and answered any questions that were raised, but did not offer hands-on demonstrations,

so that all observational practices were afforded by either watching the demonstration videos

or observing same-level peers’ performance of the skills.

During the triad practice, each member was given 10 minutes to fulfil their assigned role

(performer, coach, or monitor). Then, the roles were rotated for two subsequent 10-minute

segments that followed. All instances of referring to the demonstration video was recorded.

Also, whenever the performer was given feedback or hints, it was counted as one intervention.

Afterwards, each student took turn and performed the procedural skill without peer support.

Video recording of the performance was carried out by their peers using mobile devices, with-

out including the performer’s facial features.

The students were then randomly reassigned into new triads to learn the second clinical

procedure, and they were instructed to watch the demonstration video which they did not

have access before class. This was followed by 3 rounds of practice as triads, after which the

video recording of skill performance was made.

Assessment of competency

The video recordings of each student’s performance of BMV and IVC were independently

assessed by two blinded assessors (senior anesthesiologists) using the assessment rubric (S3

and S4 Files). The final score for BMV and IVC performance was a weighted sum of all scores,

where the weighting was agreed upon by the assessors based on the relative importance of each

key step to the entire procedure.
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Student feedback

At the end of the session, the students were invited to complete a questionnaire (S5 File). The

questionnaire was piloted with students during the first month of this study and was subse-

quently modified. Internal reliability of the questionnaire was determined by Cronbach’s alpha

and item-to-total correlations.

Statistical analysis

The number of interventions received and the performance scores given to each student were

tested for normality using the Shapiro-Wilk test. Inter-assessor consistency in scoring was

determined by Kendall’s tau-b and Wilcoxon signed-rank test. Comparison between subsets of

students were carried out by Mann-Whitney U test or Pearson Chi-square test. Bivariate corre-

lations between Likert scale items of the questionnaire were determined by Kendall’s tau-b. All

statistical analyses were performed using IBM SPSS 25.0 (Armonk, NY).

Results

Students’ interaction in triads and clinical skill performance

Among the 205 students recruited in this study, 165 questionnaires were received. There were

131 students (79.4%) who claimed they have watched the video before class, while 18 students

(10.9%) reported they did not. There were also 15 students (9.7%) who did not answer that

question.

Table 1 presents the number of interventions received by performers (A) and how often the

demonstration video was referred to (B) while the triads were practicing BMV or IVC. Collec-

tively, students received more interventions from their triad peers while practicing IVC, com-

pared to BMV, and this trend was statistically significant based on Mann-Whitney U test.

Moreover, there were significantly more students who referred to the video while practicing

IVC in comparison to BMV, according to Pearson’s Chi-square test.

Table 1. Students’ behavior while practicing BMV and IVC within a triad.

A. Number of interventions received

Bag mask ventilation (BMV) Intravenous cannulation (IVC)

Number of students 104 107

Mean 1.2 3.6

Median 1 4

Std. Deviation 1.8 2.5

Minimum 0 0

Maximum 7 11

Shapiro-Wilk test p< 0.001 p< 0.001

Mann-Whitney U test (2-tailed) p = 7.30 × 10−15��

B. Referring to the instructional video

Bag mask ventilation (BMV) Intravenous cannulation (IVC)

Number of students 104 107

Referred to instructional video Yes 2 15

No 102 92

Pearson Chi-square test (2-tailed) p = 0.001��

�� Difference is significant at the 0.01 level (2-tailed).

https://doi.org/10.1371/journal.pone.0258926.t001
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Table 2 shows the total scores awarded for students’ performance of BMV and IVC by two

independent assessors. For both skills, the scores given by both assessors were non-parametric

as shown by Shapiro-Wilk test. Moreover, assessor 2 generally awarded lower scores than

assessor 1, and Wilcoxon signed-rank test confirmed that there was significant difference

between the assessors in their scoring of students’ performance of BMV and IVC. However,

there was a significant correlation between assessors 1 and 2 when they scored BMV and IVC

performance, as shown by Kendall’s tau-b, suggesting that they were consistent in terms of

overall pattern of scoring.

Influence of video-watching behavior and grouping on skill performance

The average values between assessor 1 and assessor 2’s scores for BMV and IVC performance

were computed. Table 3 shows the average scores attained by (i) students who claimed to have

watched the demonstration video before class versus those who did not claim so, and (ii) stu-

dents of BMV1st group versus those of IVC1st group. Students who claimed to have watched

the demonstration video for BMV before class collectively attained a higher average score for

BMV performance. Similarly, students of BMV1st group attained a higher average score in

BMV than those of IVC1st group. These differences in mean score were statistically significant

based on Mann-Whitney U test. However, for IVC performance, there was no significant dif-

ference in the average scores attained by (i) students who claimed to have watched the demon-

stration video before class versus those who did not claim so, and (ii) students of BMV1st

group versus those of IVC1st group.

Table 4 shows the number of interventions received by (i) students who claimed to have

watched the demonstration video before class versus those who did not claim so, and (ii) stu-

dents of BMV1st group versus those of IVC1st group. Students who claimed to have watched

the demonstration video for IVC received less interventions from their triad peers. Similarly,

students of BMV1st group on average received more interventions than those of IVC1st group.

These differences in the mean number of interventions were statistically significant based on

Mann-Whitney U test (p< 0.05). The correlation between the number of interventions

Table 2. Scores awarded for the performance of BMV and IVC by two independent assessors.

Bag mask ventilation (BMV) Intravenous cannulation (IVC)

Assessor 1 Assessor 2 Assessor 1 Assessor 2

Number of students 158 159 162 162

Mean 8.3 5.7 15.7 12.7

Standard deviation 1.6 1.6 1.5 1.8

Minimum 2.8 0.0 7.4 7.5

Maximum 10.2 9.0 17.8 16.4

Percentiles 25 7.0 4.6 14.9 11.6

50 8.7 5.9 15.9 12.9

75 9.7 6.9 16.7 14.1

Total scores attainable 10.2 17.8

Shapiro-Wilk test p = 1.16 x 10−7�� p = 0.00245�� p = 6.88 x 10−9�� p = 0.000292��

Number of students scored below 50% 4 57 1 7

% of students scored below 50% 2.5% 36% <1% 4.3%

Kendall’s tau-b (2-tailed) tau-b = 0.539; p = 3.55 x 10−22�� tau-b = 0.250; p = 3 x 10−6��

Wilcoxon signed-rank test (2-tailed) p = 1.18 x 10−27�� p = 4.03 x 10−27��

��Significant at the level of 0.01 (2-tailed).

https://doi.org/10.1371/journal.pone.0258926.t002
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received and skill performance was determined by Kendall’s tau-b, and there were no statisti-

cally significant correlations (BMV: tau-b = 0.141, p = 0.065, n = 100; IVC: tau-b = -0.046,

p = 0.512, n = 107). Therefore, receiving less intervention from peers do not equal better skill

performance.

Students’ perception

Table 5 summarizes the results and item-total correlations for questions 2 to 11 of the post-

class questionnaire. Between these 10 items, Cronbach’s alpha value was 0.844, and all item-

total correlations were greater than 0.4, hence the internal reliability of the questionnaire was

acceptable.

As shown in Fig 1, we found that most students agreed or strongly agreed that it was useful

to watch the demonstration videos out of class (79.4%) or in class (68.9%). Most students

agreed or strongly agreed that the demonstration videos were useful for skill acquisition (IVC:

87.8%; BMV: 85.4%). Moreover, most students agreed or strongly agreed that supplementary

information like the rubrics or written instructions were useful (IVC: 76.4%; BMV: 72.0%).

For in-class arrangements, 74.4% agreed or strongly agreed that participating as the coach

within a triad was useful for skill acquisition, while 58.3% agreed or strongly agreed that partic-

ipating as the monitor was useful. There were 71.3% who agreed or strongly agreed that rotat-

ing different roles within a triad was useful for skill acquisition.

As shown in Fig 2, when asked to compare this new approach of clinical skills teaching with

the existing approach, the majority of students thought the new approach was better. As

shown in Table 5, based on Kendall’s tau-b, there were statistically significant positive correla-

tions (tau-b > 0.4; p < 0.01) between students’ perceived superiority of this new approach

over traditional approach (Q11) and the perceived usefulness of being a “coach” (Q6), being a

“monitor” (Q7) and rotating between different roles within a triad (Q8).

Table 3. Skill performance across different groups.

A. Bag mask ventilation (BMV)

(i) Claimed to have watched the

video before class

(ii) Group sequence

Yes1 No2 BMV1st IVC1st

Mean 7.8 6.3 7.8 6.0

Standard deviation 1.0 1.7 1.0 1.6

Number of students 71 88 85 74

Mann-Whitney U test (2-tailed) p = 3.25 ×10−9�� p = 1.29 ×10−12��

B. Intravenous cannulation (IVC)

(i) Claimed to have watched the

video before class

(ii) Group sequence

Yes3 No4 BMV1st IVC1st

Mean 14.3 14.1 14.3 14.1

Standard deviation 1.3 1.4 1.3 1.4

Number of students 58 104 84 78

Mann-Whitney U test (2-tailed) p = 0.295 p = 0.669

1BMV1st students who answered “Yes” for question 1 in the survey.
2IVC1st students + BMV1st students who answered “No” or did not answer question 1.
3IVC1st students who answered “Yes” for question 1 in the survey.
4IVC1st students + BMV1st students who answered “No” or did not answer question 1.

��Difference is significant at the level of 0.01 (2-tailed).

https://doi.org/10.1371/journal.pone.0258926.t003
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Discussion

In this study, we trialed a flipped classroom, same-level peer-assisted learning model for teach-

ing clinical procedural skills. We found that nearly 80% of our students were compliant and

watched the assigned demonstration videos before class. A small proportion of students

referred to the demonstration videos during trial practices; and interestingly, a higher number

of students referred to the demonstration video during triad practice for IVC compared to

BMV. This trend was consistent with our expectation, because IVC is a more complex proce-

dure than BMV.

As we evaluated the influence of pre-class video watching on performance scores, students

who claimed to have watched the demonstration video for BMV before class achieved higher

scores in BMV performance compared to those who only watched during the class; and this

trend was not observed for IVC. Interestingly, students who claimed to have watched the IVC

Table 4. Students’ behavior within the triad across different groups.

A. Bag mask ventilation

(i) Claimed to have watched

the video before class

(ii) Group sequence

Yes3 No4 BMV1st IVC1st

No. of interventions received

Mean 1.8 1.0 1.9 0.8

Standard deviation 2.4 1.5 2.5 1.2

Number of students 30 74 38 66

Mann-Whitney U test (2-tailed) p = 0.290 p = 0.195

Referred to instructional video

Yes 0 2 0 2

No 30 72 38 64

Number of students 30 74 38 66

Pearson Chi-square test (2-tailed) p = 0.363 p = 0.279

B. Intravenous cannulation

(i) Claimed to have watched

the video before class

(ii) Group sequence

Yes3 No4 BMV1st IVC1st

No. of intervention received

Mean 2.9 4.3 4.9 3.0

Standard deviation 1.8 2.9 3.1 1.8

Number of students 51 56 38 69

Mann-Whitney U test (2-tailed) p = 0.017� p = 0.002��

Referred to instructional video

Yes 6 9 6 9

No 45 47 32 60

Number of students 51 56 38 69

Pearson Chi-square test (2-tailed) p = 0.522 p = 0.695

1BMV1st students who answered “Yes” for question 1 in the survey.
2IVC1st students + BMV1st students who answered “No” or did not answer question 1.
3IVC1st students who answered “Yes” for question 1 in the survey.
4IVC1st students + BMV1st students who answered “No” or did not answer question 1.

�Difference is significant at the level of 0.05 (2-tailed).

��Difference is significant at the level of 0.01 (2-tailed).

https://doi.org/10.1371/journal.pone.0258926.t004
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demonstration video before class received less interventions from their peers while practicing

IVC. While a lower number of interventions received could be interpreted as having made less

mistakes during the practice, it does not imply better skill performance at the end, and our sta-

tistical analysis showed no significant correlation between the number of interventions

received during triad practice and performance score. Of note, there is currently a lack of evi-

dence demonstrating any relationship between the timing of video watching and clinical skill

Table 5. Summary of post-lesson questionnaire.

Questions Means± S.

D.

Item-total

correlations

Kendall’s tau-b (with

Q11)

Q2. You found watching the instructional video out of class helpful. 5.0 ± 0.8 0.459 0.166�

(Strong disagree = 1; strongly agree = 6) (N = 146)

Q3. You found watching the instructional video in class with peer interaction helpful. 4.8 ± 0.1 0.483 0.295��

(Strong disagree = 1; strongly agree = 6) (N = 164)

Q4. The content of the instructional videos for IV cannulation was useful for acquiring the skill. 5.3 ± 0.8 0.544 0.311��

(Strong disagree = 1; strongly agree = 6) (N = 164)

Q5. The content of the instructional video for bag mask ventilation was useful for acquiring the skill. 5.2 ± 0.8 0.577 0.228��

(Strong disagree = 1; strongly agree = 6) (N = 164)

Q6. You found participating as the coach useful for acquiring the skill. 4.9 ± 1.0 0.540 0.403��

(Strong disagree = 1; strongly agree = 6) (N = 164)

Q7. You found participating as the monitor useful for acquiring the skill. 4.5 ± 1.1 0.570 0.406��

(Strong disagree = 1; strongly agree = 6) (N = 163)

Q8 You found rotation in the different roles useful for acquiring the skill. 4.9 ± 0.9 0.637 0.442��

(Strong disagree = 1; strongly agree = 6) (N = 164)

Q9. The content of the supplementary information for the IV cannulation was useful. 5.0 ± 0.8 0.575 0.336��

(Strong disagree = 1; strongly agree = 6) (N = 161)

Q10. The content of the supplementary information for bag mask ventilation was useful. 4.9 ± 0.9 0.604 0.296��

(Strong disagree = 1; strongly agree = 6) (N = 161)

Q11. Please compare existing approaches to this approach for learning clinical skills. The teaching

approach of this lesson is:

4.2 ± 0.7 0.466 N/A

(Much worse = 1; much better = 5) (N = 159)

�� Correlation is significant at the 0.01 level (2-tailed).

� Correlation is significant at the 0.05 level (2-tailed).

https://doi.org/10.1371/journal.pone.0258926.t005

Fig 1. Divided bar chart showing the frequency of responses (% of total) to questions 2 to 10 of the post-class evaluation

questionnaire.

https://doi.org/10.1371/journal.pone.0258926.g001
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acquisition in the literature; and based on the findings of this study, the relationship between

the timing of video watching and skill acquisition remains inconclusive.

As mentioned previously, IVC is a more complex procedure compared to BMV, and it is

plausible that this difference in complexity could account for the differing trends for BMV and

IVC. Previous studies on the impact of demonstration video on clinical skills learning also

showed heterogenous outcome, where some studies reported that demonstration video

enhances skill performance compared to traditional approaches, while others reported no sig-

nificance difference [24, 25]. However, these studies did not determine if the complexity of

procedures influences the relative merits of using demonstration videos.

Based on the post-class questionnaire, most of our students agreed that watching the dem-

onstration videos for BMV and IVC were useful for their learning, providing the proof of prin-

ciple that clinical skills demonstration videos are generally well received by medical students,

as established by previous studies [23, 28]. Most of our students also indicated in the question-

naire that they preferred the new approach of clinical skill teaching and perceived that being a

“monitor” and “coach” and rotating between different roles within a triad were useful for their

skill acquisition. These findings are congruent with another study which compared dyad prac-

tice with individual practice for clinical skill learning [19]. However, this satisfaction could

also be due to novelty effect, as it is established that humans tend to have heightened engage-

ment when they encounter a novel technology [41, 42].

With regards to inter-assessor consistency, while the overall pattern of scoring by assessors

1 and 2 were consistent, there was significant difference in the scores awarded between the

assessors. We noted that the assessors had different interpretation of the marking rubric and

expectations of the standards required. For instance, one of them only marked a step as “com-

petent” if the performer articulated aloud what they were doing, and successfully performed

every component of that step. To ensure consistency between the assessors, standardization

through a training session or meeting is required, as practiced by previous studies [19, 43].

Fig 2. Bar chart percentage showing the frequency of responses (% of total) to question 11 of the post-class evaluation

questionnaire.

https://doi.org/10.1371/journal.pone.0258926.g002
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The assessors also noted that students of the same triad tend to make similar mistakes when

performing the procedures. While we did not investigate this phenomenon in further details,

we postulate that students could have been influenced by their peers while they were observing

(e.g., when acting as the coach, the monitor, or recording video for their peers etc.). This high-

lights a weakness of our current lesson design, as our students were not immediately corrected

after they observed a flawed performance as per good practices reported in the literature [21].

The tutors also shared anecdotes about some monitors who gave feedback or hints to the per-

former when they were not supposed to do so, suggesting that students’ compliance impacts

the execution of this mode of clinical skill training.

There were some limitations in this study. We were not able to determine how triad prac-

tice compares to dyad practice or individual practice for clinical skill learning, due to the lack

of control groups in this study. While it was shown that triad practice was non-inferior to dyad

and individual practices for non-clinical procedures [20], there is currently no evidence sug-

gesting that this principle also applies to clinical skill learning. Furthermore, this study only

assessed students’ performance of the procedures immediately after triad practice, and stu-

dents’ retention of the procedural skills in longer term and their ability to perform the proce-

dures in a different context were not assessed. Based on the literature, successful performance

of a clinical procedure in class do not necessarily indicate a learner’s retention of that skill and

ability to apply it in other contexts [44, 45], therefore further investigations on learners’ reten-

tion of clinical procedural skill and skill transfer are warranted.

Conclusions

In this study, we introduced a flipped classroom, same-level peer-assisted learning approach to

teach clinical procedural skills to medical students. It involves having students watch a demon-

stration video developed by a clinical expert before class, followed by self-directed triad prac-

tices, where each member rotates through the roles of “performer”, “coach” and “monitor”.

Most of our students were compliant with watching the assigned demonstration videos before

class, as well as fulfilling their assigned roles in the triad.

Interestingly, a higher number of students referred to the demonstration video while prac-

ticing IVC compared to BMV. As we evaluated the influence of pre-class video watching on

skill performance, students who claimed to have watched the demonstration video for BMV

before class achieved higher score in BMV performance. On the other hand, students who

claimed to have watched the IVC demonstration video before class received less intervention

from their peers while practicing IVC, but this was not correlated with better or worse IVC

performance. As such, we could not ascertain whether the timing when the demonstration

video is watched would influence skill acquisition. Most of our students preferred this new

approach of clinical procedural skill teaching and perceived that being a “monitor” and

“coach” and rotating between different roles within a triad were useful for their skill

acquisition.

Given the capacity constraints in teaching hospitals and medical students’ underexposure

to clinical procedural skills in medical schools worldwide, this model is potentially an effective

way to address the current challenges and improve the efficiency of clinical procedural skill

teaching in medical schools.
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23. Bäwert A, Holzinger A. Practice makes perfect! Patient safety starts in medical school: Do instructional

videos improve clinical skills and hygiene procedures in undergraduate medical students? GMS Journal

for Medical Education. 2019; 36(2). https://doi.org/10.3205/zma001224 PMID: 30993174

24. McCutcheon K, Lohan M, Traynor M, Martin D. A systematic review evaluating the impact of online or

blended learning vs. face-to-face learning of clinical skills in undergraduate nurse education. Journal of

Advanced Nursing. 2015; 71(2):255–70. https://doi.org/10.1111/jan.12509 PMID: 25134985

25. Coyne E, Rands H, Frommolt V, Kain V, Plugge M, Mitchell M. Investigation of blended learning video

resources to teach health students clinical skills: an integrative review. Nurse Education Today. 2018;

63:101–7. https://doi.org/10.1016/j.nedt.2018.01.021 PMID: 29425738

26. Alkhalaileh M, Hasan A, Al-Rawajfah O. Evaluate the effectiveness of clinical simulation and instruc-

tional video training on the nursing students’ knowledge about Cardio-Pulmonary resuscitation: compar-

ative study. American Journal of Educational Research. 2017; 5(2):172–8.

27. Holland A, Smith F, McCrossan G, Adamson E, Watt S, Penny K. Online video in clinical skills education

of oral medication administration for undergraduate student nurses: A mixed methods, prospective

cohort study. Nurse Education Today. 2013; 33(6):663–70. https://doi.org/10.1016/j.nedt.2012.01.006

PMID: 22341996

PLOS ONE A flipped classroom, peer-assisted learning approach to clinical skill teaching

PLOS ONE | https://doi.org/10.1371/journal.pone.0258926 October 22, 2021 13 / 14

https://doi.org/10.1097/ACM.0000000000002062
https://doi.org/10.1097/ACM.0000000000002062
http://www.ncbi.nlm.nih.gov/pubmed/29166352
https://doi.org/10.1007/s40037-014-0138-8
https://doi.org/10.1007/s40037-014-0138-8
http://www.ncbi.nlm.nih.gov/pubmed/25073865
https://doi.org/10.1016/j.jsurg.2015.11.014
http://www.ncbi.nlm.nih.gov/pubmed/26778743
https://doi.org/10.1097/ACM.0b013e31828b0007
http://www.ncbi.nlm.nih.gov/pubmed/23524922
https://doi.org/10.1111/j.1553-2712.2009.00600.x
http://www.ncbi.nlm.nih.gov/pubmed/20053213
https://doi.org/10.1097/00001888-200610001-00013
http://www.ncbi.nlm.nih.gov/pubmed/17001134
https://doi.org/10.1007/s11606-013-2378-4
https://doi.org/10.1007/s11606-013-2378-4
http://www.ncbi.nlm.nih.gov/pubmed/23595928
https://doi.org/10.1111/medu.12624
http://www.ncbi.nlm.nih.gov/pubmed/25693988
https://doi.org/10.1515/ijnes-2012-0026
https://doi.org/10.1515/ijnes-2012-0026
http://www.ncbi.nlm.nih.gov/pubmed/23652587
https://doi.org/10.1097/ACM.0000000000000373
http://www.ncbi.nlm.nih.gov/pubmed/24979287
https://doi.org/10.1111/medu.12631
https://doi.org/10.1111/medu.12631
http://www.ncbi.nlm.nih.gov/pubmed/25626749
https://doi.org/10.1111/j.1365-2923.2011.04196.x
https://doi.org/10.1111/j.1365-2923.2011.04196.x
http://www.ncbi.nlm.nih.gov/pubmed/22429177
https://doi.org/10.3205/zma001224
http://www.ncbi.nlm.nih.gov/pubmed/30993174
https://doi.org/10.1111/jan.12509
http://www.ncbi.nlm.nih.gov/pubmed/25134985
https://doi.org/10.1016/j.nedt.2018.01.021
http://www.ncbi.nlm.nih.gov/pubmed/29425738
https://doi.org/10.1016/j.nedt.2012.01.006
http://www.ncbi.nlm.nih.gov/pubmed/22341996
https://doi.org/10.1371/journal.pone.0258926


28. Jang HW, Kim KJ. Use of online clinical videos for clinical skills training for medical students: benefits

and challenges. BMC Medical Education. 2014; 14:56. Epub 2014/03/22. https://doi.org/10.1186/1472-

6920-14-56 PMID: 24650290.

29. Forbes H, Oprescu FI, Downer T, Phillips NM, McTier L, Lord B, et al. Use of videos to support teaching

and learning of clinical skills in nursing education: A review. Nurse Education Today. 2016; 42:53–6.

https://doi.org/10.1016/j.nedt.2016.04.010 PMID: 27237353

30. Lee SC, Huang H, Minard CG, Schackman J, Rajagopalan S. The use of podcast videos for airway

skills. The Clinical Teacher. 2019; 16(6):585–8. https://doi.org/10.1111/tct.12984 PMID: 30592144

31. Srinivasa K, Chen Y, Henning MA. The role of online videos in teaching procedural skills to post-gradu-

ate medical learners: A systematic narrative review. Medical Teacher. 2020; 42(6):689–97. https://doi.

org/10.1080/0142159X.2020.1733507 PMID: 32174211

32. Wong G, Apthorpe HC, Ruiz K, Nanayakkara S. An innovative educational approach in using instruc-

tional videos to teach dental local anaesthetic skills. European Journal of Dental Education. 2019; 23

(1):28–34. https://doi.org/10.1111/eje.12382 PMID: 30069994

33. Ahmet A, Gamze K, Rustem M, Sezen KA. Is video-based education an effective method in surgical

education? A systematic review. Journal of Surgical Education. 2018; 75(5):1150–8. https://doi.org/10.

1016/j.jsurg.2018.01.014 PMID: 29449162

34. Pilieci SN, Salim SY, Heffernan DS, Itani KM, Khadaroo RG. A randomized controlled trial of video edu-

cation versus skill demonstration: which is more effective in teaching sterile surgical technique? Surgical

Infections. 2018; 19(3):303–12. https://doi.org/10.1089/sur.2017.231 PMID: 29406814

35. Aragon CE, Zibrowski EM. Does exposure to a procedural video enhance preclinical dental student per-

formance in fixed prosthodontics? Journal of Dental Education. 2008; 72(1):67–71. PMID: 18172237

36. Orientale E Jr, Kosowicz L, Alerte A, Pfeiffer C, Harrington K, Palley J, et al. Using Web-Based Video to

Enhance Physical Examination Skills in Medical Students. Family Medicine. 2008; 40(7):471–6. PMID:

18928073

37. Massey D, Byrne J, Higgins N, Weeks B, Shuker M-A, Coyne E, et al. Enhancing OSCE preparedness

with video exemplars in undergraduate nursing students. A mixed method study. Nurse Education

Today. 2017; 54:56–61. https://doi.org/10.1016/j.nedt.2017.02.024 PMID: 28477564

38. Chuang Y-H, Lai F-C, Chang C-C, Wan H-T. Effects of a skill demonstration video delivered by smart-

phone on facilitating nursing students’ skill competencies and self-confidence: A randomized controlled

trial study. Nurse Education Today. 2018; 66:63–8. https://doi.org/10.1016/j.nedt.2018.03.027 PMID:

29677580

39. George A, Blaauw D, Green-Thompson L, Hajinicolaou C, Lala N, Parbhoo K, et al. Comparison of

video demonstrations and bedside tutorials for teaching paediatric clinical skills to large groups of medi-

cal students in resource-constrained settings. International Journal of Educational Technology in Higher

Education. 2019; 16(1):34. https://doi.org/10.1186/s41239-019-0164-z

40. Saun TJ, Odorizzi S, Yeung C, Johnson M, Bandiera G, Dev SP. A Peer-Reviewed Instructional Video

is as Effective as a Standard Recorded Didactic Lecture in Medical Trainees Performing Chest Tube

Insertion: A Randomized Control Trial. Journal of Surgical Education. 2017; 74(3):437–42. Epub 2016/

12/17. https://doi.org/10.1016/j.jsurg.2016.10.017 PMID: 27979724.

41. Clark RE. Reconsidering research on learning from media. Review of Educational Research. 1983; 53

(4):445–59.

42. Tsay CHH, Kofinas AK, Trivedi SK, Yang Y. Overcoming the novelty effect in online gamified learning

systems: An empirical evaluation of student engagement and performance. Journal of Computer Assis-

ted Learning. 2020; 36(2):128–46.

43. Maloney S, Storr M, Morgan P, Ilic D. The effect of student self-video of performance on clinical skill

competency: a randomised controlled trial. Advances in Health Sciences Education. 2013; 18(1):81–9.

https://doi.org/10.1007/s10459-012-9356-1 PMID: 22354337

44. Oermann MH, Muckler VC, Morgan B. Framework for teaching psychomotor and procedural skills in

nursing. The Journal of Continuing Education in Nursing. 2016; 47(6):278–82. https://doi.org/10.3928/

00220124-20160518-10 PMID: 27232227

45. Kardong-Edgren S, Oermann MH, Rizzolo MA. Emerging theories influencing the teaching of clinical

nursing skills. The Journal of Continuing Education in Nursing. 2019; 50(6):257–62. https://doi.org/10.

3928/00220124-20190516-05 PMID: 31136668

PLOS ONE A flipped classroom, peer-assisted learning approach to clinical skill teaching

PLOS ONE | https://doi.org/10.1371/journal.pone.0258926 October 22, 2021 14 / 14

https://doi.org/10.1186/1472-6920-14-56
https://doi.org/10.1186/1472-6920-14-56
http://www.ncbi.nlm.nih.gov/pubmed/24650290
https://doi.org/10.1016/j.nedt.2016.04.010
http://www.ncbi.nlm.nih.gov/pubmed/27237353
https://doi.org/10.1111/tct.12984
http://www.ncbi.nlm.nih.gov/pubmed/30592144
https://doi.org/10.1080/0142159X.2020.1733507
https://doi.org/10.1080/0142159X.2020.1733507
http://www.ncbi.nlm.nih.gov/pubmed/32174211
https://doi.org/10.1111/eje.12382
http://www.ncbi.nlm.nih.gov/pubmed/30069994
https://doi.org/10.1016/j.jsurg.2018.01.014
https://doi.org/10.1016/j.jsurg.2018.01.014
http://www.ncbi.nlm.nih.gov/pubmed/29449162
https://doi.org/10.1089/sur.2017.231
http://www.ncbi.nlm.nih.gov/pubmed/29406814
http://www.ncbi.nlm.nih.gov/pubmed/18172237
http://www.ncbi.nlm.nih.gov/pubmed/18928073
https://doi.org/10.1016/j.nedt.2017.02.024
http://www.ncbi.nlm.nih.gov/pubmed/28477564
https://doi.org/10.1016/j.nedt.2018.03.027
http://www.ncbi.nlm.nih.gov/pubmed/29677580
https://doi.org/10.1186/s41239-019-0164-z
https://doi.org/10.1016/j.jsurg.2016.10.017
http://www.ncbi.nlm.nih.gov/pubmed/27979724
https://doi.org/10.1007/s10459-012-9356-1
http://www.ncbi.nlm.nih.gov/pubmed/22354337
https://doi.org/10.3928/00220124-20160518-10
https://doi.org/10.3928/00220124-20160518-10
http://www.ncbi.nlm.nih.gov/pubmed/27232227
https://doi.org/10.3928/00220124-20190516-05
https://doi.org/10.3928/00220124-20190516-05
http://www.ncbi.nlm.nih.gov/pubmed/31136668
https://doi.org/10.1371/journal.pone.0258926

