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ABSTRACT
Objective: Effective clinical training is essential for healthcare personnel with clinical skill requirements. This study 
aimed to identify an effective learning medium for anesthesia residents by comparing text-based and video-based 
online training.
Materials and Methods: This online, randomized, multicenter study was conducted between October 2020 and 
March 2021. Three Thai institutions were involved: the Faculty of Medicine Siriraj Hospital, Mahidol University; 
the Faculty of Medicine, Ramathibodi Hospital, Mahidol University; and the Faculty of Medicine, Songklanagarind 
Hospital, Prince of Songkla University. In all, 126 anesthesia residents were randomized into a “text group” and 
a “video group.” Four residents were excluded due to contamination of their learning material. The 122 eligible 
students undertook 3 knowledge and skill assessments (“Pretest,” “24-hour posttest,” and “3-month posttest”). The 
primary outcome was the gain score after training. This was measured in 2 ways: the difference between the 24-hour 
posttest and Pretest scores and the difference between the 3-month posttest and Pretest scores.
Results: The mean gain scores for Pretest and 24-hour posttest were higher in the text group with no significant 
difference (P = 0.347). The mean differences between the 3-month posttest and Pretest scores were higher in the 
text group without a significant difference (P = 0.488). The mean satisfaction score was higher in the video group.
Conclusion: Video-based e-learning training provided better satisfaction without significantly improving gain 
scores compared to text-based e-learning training. Online video-based was beneficial over text-based for ease of 
understanding in clinical learning points. 
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INTRODUCTION
 E-learning has played an important role in medical 
education, especially since the COVID-19 pandemic. 
In contrast to conventional bedside teaching, it enables 

“anytime-anywhere” access and is suitable for learners 
who want to learn the content of a training course at their 
own pace. Though e-learning cannot replace conventional 
clinical teaching, it provides a medium of knowledge 
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for many medical specialties, including anesthesia.1 
The Royal College of Anaesthetists has developed a 
web-based resource, e-Learning Anaesthesia (e-LA), 
that provides knowledge and core concepts for trainees 
to assist in their preparation for examinations.2 In the 
case of clinical skills training, knowledge of each skill 
(the cognition stage) is required before dependent and 
independent skills practice (the integration and automation 
phases).2 Indications, contraindications, procedural steps, 
complications, and complication prevention strategies 
should be emphasized before learners undertake skills 
practice. In current training, providing learning objectives 
is not adequate for learners to gain clinical knowledge.3 
Various learning modalities can be used to promote 
knowledge acquisition and students’ transition to a 
higher degree of competence.
 Low-pressure low-frequency jet ventilation (LPLFJV) 
is a safe, tubeless airway technique. It is occasionally 
used for airway surgery as a rescue technique in “cannot 
intubate-cannot ventilate” situations.4,5 LPLFJV is usually 
applied at the supraglottic level, thereby providing proper 
airway support with a lower risk of airway fire and 
less hypercapnia than high-frequency jet ventilation 
(HFJV).5,6 The learning of LPLFJV by novices is challenging. 
This is because they have limited schema related to the 
topic, and there are many details on special equipment 
and monitoring, anesthesia choice, complications, and 
communication between surgeons and anesthesiologists. 
In Thailand, clinical knowledge and skills for anesthesia 
for jet ventilation and microlaryngeal surgery are taught 
simultaneously during patient encounters. However, 
varieties in patient pathologies and the time constraints 
imposed by clinical settings limit the knowledge that 
residents can gain.
 Findings from previous studies support the notion 
that various types of learners achieve better training 
outcomes with video-based training than with conventional 
techniques or text-based online materials.7-11 Additionally, 
there is evidence that video-based training improves 
clinical skills and enhances short-term memory relative 
to text-based resources.12-14 
 This study compared the cognitive learning outcomes 
and satisfaction levels achieved with video-based and 
text-based online learning to identify which technique 
is superior and preferable for anesthesia residents. The 
specific research question was whether implementing online 
video-based training for jet ventilation and microlaryngeal 
surgery improves the cognitive domain learning outcomes 
of anesthesia residents of Siriraj Hospital, Ramathibodi 
Hospital, and Songklanagarind Hospital.

MATERIALS AND METHODS
Study design, setting, and population
 This prospective randomized study recruited residents 
undertaking a 3-year anesthesia residency program. 
All residents enrolled in the program during the study 
period were eligible to participate. Their involvement was 
voluntary, and they had the right to withdraw at any stage. 
The residents signaled their informed consent to participate 
in the study by clicking on an “agree-to-proceed” button 
on the online site; this action automatically initiated a 
pretest. All data were de-identified, treated confidentially, 
and restricted to the researchers and research assistants 
involved in this study. Before this research began, its 
protocol was approved by the Institutional Review Boards 
of the Faculty of Medicine Siriraj Hospital (Si 655/2020), 
the Faculty of Medicine, Prince of Songkla University 
(40281/2020), and the Faculty of Medicine, Ramathibodi 
Hospital (1503/2020).

Sampling process and statistical analysis
 A stratified randomization technique was used to 
form 2 groups: a “text group” and a “video group.” The 
randomization was based on each participant’s year in 
the anesthesia residency program (first, second, or third). 
For each program year, the same number of residents 
was assigned to each group. A target sample size of 102 
was determined by estimating the effect size to be 0.5, 
which is a medium size for an educational study.11 The 
sample size was calculated for a 1-sided, independent-
sample t-test using the following parameters: effect size 
= 0.5, P = 0.05, type I error = 5%, and power = 80%. The 
calculation was performed in G*Power (version 3.1). After 
allowing for a dropout of 20%, the total sample size was 
determined to be 124 participants. In all, 126 residents 
were enrolled in the study (74 from Siriraj Hospital, 
29 students from Ramathibodi Hospital, and 23 from 
Songklanagarind Hospital). However, 4 residents were 
later excluded from our analyses due to contamination 
of their learning material from the other group. In the 
end, there were 122 participants (Siriraj Hospital, 72; 
Ramathibodi Hospital, 27; and Songklanagarind Hospital, 
23). Sixty participants were allocated to the text group, 
while 62 were assigned to the video group (Fig 1).
 All statistical analyses were performed using SPSS 
Statistics version 21 for Windows (SPSS, Inc., Chicago, 
IL, USA). Continuous variables with normal distribution 
are presented as mean ± standard deviation, and non-
normally distributed continuous variables are reported 
as median and interquartile range. Categorical data are 
shown as numbers and percentages. Data comparisons 
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Fig 1. Participant flow and randomization of the trial.

were performed using independent t-test, Mann-Whitney 
U test, or Pearson’s chi-squared test. A p-value less than 
0.05 was considered statistically significant. 

Research instruments
 Video and text-based learning materials were developed 
by the research team and one senior anesthesiologist at 
Siriraj Hospital, Mahidol University. The video length 
is 21 minutes 47 seconds. The text-based material, 
consisting of 4 pictures, is 6 pages long. Content validity 
and comparability of video, text learning materials, and 
40 multiple-choice questions (MCQs) were checked by 
other 3 senior anesthesiologists at Siriraj Hospital, Mahidol 
University. Each anesthesiologist had at least 10 years 
of experience with ear, nose, and throat procedures and 
was familiar with jet ventilation techniques. The MCQs 
assessed the remembering, comprehending, applying, 
analyzing, and synthesizing of the clinical skills and 
information provided in the video and text learning 
materials. The index of objective congruence (IOC) 
was used to validate the MCQs. Nineteen MCQs had an  
IOC = 1; the 21 other MCQs had an IOC = 0.67. The 
MCQs were used to form 3 sets of tests. Although each set 
had the same 40 MCQs, the questions were presented in 
a markedly different order in each set. Additionally, the 
test sets covered the same table of specifications used for 
knowledge in the video and text learning materials. No 
differences were found in the knowledge and learning 
points of the video- and text-group materials.
 In addition, two 5-point Likert-scale questionnaires—
one for the video group and the other for the text group—
were developed to evaluate participants’ satisfaction with 

the quality of the materials and their feelings toward the 
learning media. These satisfaction questionnaires were 
divided into 6 domains that gauged students’ perceptions 
of the following:
 • the ease of understanding the content
 • the degree of increase in confidence after learning
 • a better technique than learning through clinical 
observation
 • a better technique than learning in the operating 
room
 • the likelihood of rereading or rewatching the 
material (as appropriate)
 • overall satisfaction

Procedure and data analysis
 The study was conducted from October 2020 to 
March 2021. The assigned learning materials, the 3 sets 
of MCQ tests, and the 2 versions of the satisfaction 
questionnaire were distributed online via the Siriraj 
E-Learning and Education Community (SELECx) website. 
The participants logged on with individually assigned 
usernames and passwords to access either the text- or 
video-based learning material (depending on whether 
they had been randomized to the text or video group). 
They also had to log on to perform the MCQ tests and 
complete the questionnaires. There were time limits 
between performing the online study and the MCQ tests. 
The first MCQ test (the “Pretest”) was performed before 
participants commenced online learning. The second 
MCQ test (“24-hour posttest”) was taken within 7 days 
of the Pretest and within 24 hours of completion of the 
online learning material. The last MCQ test (“3-month 
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posttest”) was taken 3 months after each participant 
had finished using the online material. The participants 
could review the learning material at any time during 
the study period; the date of each review by a participant 
was recorded (Fig 1).
 At the same time as taking 3-month posttest, each 
participant completed the satisfaction questionnaire 
on the effectiveness of the video-based or text-based 
training material (as appropriate). The confidentiality 
of the participants’ responses to the 3 sets of MCQ 
tests and the satisfaction questionnaires was secured by 
restricting the data to the research team and information 
technology staff.

RESULTS
Demographic characteristics
 In all, 122 residents enrolled in years 1, 2, and 3 
of the anesthesia residency program participated in 
the study. Of these, 72 (59.0%) were students at Siriraj 
Hospital, 27 (22.1%) attended Ramathibodi Hospital, and 
23 (18.9%) were from Songklanagarind Hospital. There 
were no significant differences in the sex, training year, 
mean age, mean grade point average (GPA), and time 
spent during the learning of the participants assigned 
to the video and text groups. The demographic data of 
the residents are summarized in Table 1.

Analysis of the learning outcomes of the text group 
and the video group
 The mean ± SD scores achieved by the text-group 
participants for Pretest, 24-hour posttest, and 3-month 
posttest were 23.10 ± 7.17, 29.78 ± 4.79, and 27.24 ± 6.93, 
respectively (Table 2). The corresponding values for the 
video group were 23.08 ± 6.35, 29.72 ± 3.70, and 26.89 
± 7.43. There were no significant differences between 
the 2 groups’ Pretest, 24-hour posttest, and 3-month 
posttest scores, with P = 0.987, 0.941, and 0.800 from 
the independent-samples t-test.

Analysis of the gain scores of the text group and the 
video group after learning
 Two gain scores were employed to evaluate the 
degrees of learning the text and video group members 
achieved. One gain score was the difference between the 
24-hour posttest and Pretest scores; the difference between 
the 3-month posttest and Pretest scores represented the 
other gain score. The gain scores for 24-hour posttest and 
the Pretest were 6.78 ± 6.59 for the text group and 5.77 
± 3.74 for the video group, with no significant difference 
(P = 0.347). The gain scores for 3-month posttest and 
the Pretest were 4.69 ± 9.13 for the text group and 3.47 ± 
9.07 for the video group, without a significant difference 
(P = 0.488; Table 3).

TABLE 1. Participant demographic data (N = 122).

  Text group (n = 60) Video group (n = 62) P

Sex   

    Male 15 (26.3%) 12 (21.4%) 0.542

    Female 42 (73.7%) 44 (78.6%) 

Training year   

    First 19 (31.7%) 22 (35.5%) 0.856

    Second 20 (33.3%) 21 (33.9%) 

    Third 21 (35.0%) 19 (30.6%) 

Age  27.97 (1.25) 27.85 (2.63) 0.811

GPA  3.43 (0.24) 3.43 (0.28) 0.975

Center*   

    1  37 (61.7%) 35 (56.5%) 0.328

    2  10 (16.7%) 17 (27.4%) 

    3  13 (21.7%) 10 (16.1%) 

Learning time** (minutes) 15 (0-30) 15 (10-30) 0.303

Data are presented as n (percentage) and mean (standard deviation, SD).
*Center 1 = Siriraj Hospital, Mahidol University; Center 2 = Ramathibodi Hospital, Mahidol University; Center 3 = Songklanagarind 
Hospital, Prince of Songkla University.
** Learning time presents as median (IQR)
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TABLE 2. Mean and standard deviation (SD) of MCQ test scores of the video group and the text group at 3 time 
points (Pretest, 24-hour posttest, and 3-month posttest). 

TABLE 3. Comparison of gain scores after learning with text-based or video-based materials.

  Text group Video group  
  (n = 62) (n = 60) P-value 
  Mean (SD) Mean (SD) 

Pretest 23.10 (7.17) 23.08 (6.35) 0.987

24-hour posttest 29.78 (4.79) 29.72 (3.7) 0.941

3-month posttest  27.24 (6.93) 26.89 (7.43) 0.800

     P-value between 
             Text group (n = 62)                Video group (n = 60) text and video  
     groups
 Mean (SD) P Mean (SD) P 

24-hour posttest and Pretest 6.78 (6.59) 0.000 5.77 (3.74) 0.000 0.347

3-month posttest and Pretest 4.69 (9.13) 0.000 3.47 (9.07) 0.006 0.488

3-month posttest and 24-hour posttest -2.18 (6.53) 0.023 -3.10 (6.82) 0.002 0.495

Analysis of the long-term memory results of the text 
group and the video group
 The phase between 24-hour posttest and 3-month 
posttest was employed to assess the degree of conversion 
from working memory to long-term memory. Our study 
found a general decrease in the MCQ test scores between 
3-month posttest and 24-hour posttest for individual 
students. The mean differences were -2.18 ± 6.53 for the 
text group and -3.10 ± 6.82 for the video group, with 
no significant difference between the groups (P = 0.495; 
Table 3).

Analysis of perceptions of the effectiveness of video-
based and text-based learning
 An independent-samples t-test was performed to 
find any significant differences between the groups’ mean 
scores for the 6 domains of the satisfaction questionnaires  
(Table 4). Fifty-two participants responded to the 
questionnaire of perception of effectiveness of learning 
material. The video-group students had significantly 
higher scores for ease of understanding the content  
(P = 0.001), a better technique than clinical observation 

(P = 0.042), a better technique than learning in the 
operating room (P = 0.004), and overall satisfaction  
(P = 0.02). In contrast, the text-group students demonstrated 
a better mean score for the likelihood of rereading the 
text-based material than the video-group students had 
for rewatching the videos. However, the difference was 
nonsignificant (P = 0.285).

DISCUSSION
 This study drew upon validated MCQ sets to evaluate 
the degree of knowledge acquired after training in a 
clinical skill using text-based and video-based online 
materials. The results revealed that video-based online 
learning was as effective as text-based learning. Regarding 
perceptions, the students were satisfied with both e-learning 
methods, rating each as better than traditional learning 
through clinical observation or in the operating room. The 
students rated video-based e-learning more highly than 
text-based e-learning in terms of perceived increases in 
confidence, ease of understanding the content, a better 
technique than clinical observation or operating-room 
learning, and overall satisfaction. In terms of memory 
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TABLE 4. Comparison of the participant perceptions of the effectiveness of video-based and text-based learning 
(N=52).

  5-point Likert scale
 Text group VDO group
 (N=25) (N=27) P-value

Better learning compared to clinical learning 3.24 4.07 0.004*

Increase confident 3.64 4.15 0.050

Content is easy to understand 3.96 4.70 0.001*

Better learning compared to observation 4.08 4.52 0.042*

Satisfaction 4.12 4.59 0.020*

Will re-read or rewatch 4.6 4.37 0.293

*A P-value < 0.05 indicates statistical significance

decay, time weakened the retention of memories in the 
text and video groups. Analysis of the gain scores for 
3-month posttest (taken 3 months after each participant 
had finished using the online material) and the Pretest 
revealed the same memory decay rate for both groups.
 The finding of this study accords with a prior 
study that found no differences in students’ theoretical 
knowledge of the Dix–Hallpike test and blood pressure 
recording in theory assessments conducted via MCQs.15 
However, the present investigation found different results 
from another study suggesting that higher-level tools 
that utilize video recordings with simple or complex 
animation can result in greater knowledge acquisition 
than lower-level modalities that provide text, audio, or 
a simple presentation.16 Other studies showed that while 
there were no differences in test scores for the theory 
parts of information presented via video- and text-based 
e-learning materials, scoring differences were found 
for procedurally related information.11 However, the 
current investigation assessed the “knows” and “knows 
how” via MCQ tests, while clinical performance was not 
examined. 
 The finding related to perception can be explained 
by dual-coding theory, the video-based e-learning which 
holds that combining visual and auditory stimuli to 
present information can enhance understanding and 
promote assimilation of the learning topics.17 
 The finding from 3-month posttest is consistent 
with memory decay theory, which explains how time 
affects the retention of memories.18 Even the current 
investigation’s video-based e-learning, which promotes 
dual encoding, could not enable students to memorize 

content completely. No previous study has compared 
the decay rates of text- and video-based e-learning. 
To promote long-term memory, content rehearsal for 
any form of e-learning should be emphasized in future 
research on other learner types (i.e., visual, aural, reading/
writing, and kinesthetic) to gain more information on 
the effectiveness of different e-learning modalities.19 
 This study has several limitations. First, there was 
no data on each participant’s preferred learning style, 
which might affect the learning outcomes achievable 
with different training techniques. Second, the MCQ 
tests only evaluated one aspect of cognition. The test 
results may not adequately reflect the practical skill and 
process elements of anesthesia training. Research using 
multi-aspect measurements for skill-based evaluations 
(eg, Objective Structured Clinical Examination) would 
provide more comprehensive data for assessing student 
learning. Third, this study evaluated the learning techniques 
by comparing the learning outcomes achieved with text-
based and video-based e-learning resources for just 1 
clinical skill. Therefore, it may not be possible to generalize 
our results to learning other skills. Lastly, there might 
be some maturation effects on the participants during 
the study period. Some residents might be exposed to 
the jet ventilation procedure in their assigned rotation. 
Further research on other skill types would provide 
more information on the effectiveness of different 
e-learning methods. Furthermore, assessments based 
on new technologies were recommended to improve 
simulation experiences and consequently better evaluate 
clinical performance.20 
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CONCLUSION
 Satisfaction, clarity, and ease of understanding are 
the benefits of clinical learning through video-based 
online learning, superior to text-based online learning. 
Both learning materials provide improving gain scores 
without statistically significant differences. Tailor-made, 
learning type-based learning techniques may be useful 
for the 2024 learners.  
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