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ABSTRACT 

Background: As a subfield of E-Learning, Micro-Learning provides asynchronous 

instruction to reduce mental strain and boost understanding by delivering educational 

content in bite-sized, concise learning modules. This study aimed to investigate the 

effect of Micro-Learning on the airway management knowledge and skills of nurse 

anesthesia students. 

Methods: This Non-Randomized Controlled study, employing a Pre-test-Post-test 

design, included 52 nurse anesthesia students in Iran. Participants were first assessed 

with a Pre-test, and then assigned to either the M-L M (n=26) or T M (n=26) groups. 

Over three weeks, the M-L M group received Micro-Learning-based materials 

through social media, while the T M group received traditional face-to-face 

instruction. The intervention focused on airway management during peri-induction 

of general anesthesia. Then, the first and second Post-tests were given to assess the 

acquisition and retention of knowledge and skills, using a researcher-made instrument 

called AMAI-NA. 

Results: Based on within-group comparisons, in both M-L M and T M groups mean 

scores of both Knowledge and Skills significantly increased from the Pre-test to 1st 

Post-test, then declined from 1st Post-test to 2nd Post-test. Yet, 2nd Post-test mean 

scores remained significantly higher than the Pre-test for both groups. Based on Inter-

group comparisons, despite the absence of a statistically significant difference in Pre-

test mean scores between the two groups, the mean scores for Knowledge and Skills 

of the M-L M group were significantly higher than those of the T M group in 1st and 

2nd Post-tests. Furthermore, the M-L M group exhibited a greater increase in mean 

scores from the Pre-test to 1st and 2nd Post-tests compared to the T M group, as well 

as a lesser decrease from 1st Post-test to 2nd Post-test. 

Conclusion: This study demonstrated that Micro-Learning significantly enhanced 

the acquisition and retention of knowledge and skills related to airway management, 

compared to the traditional method. 
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Introduction 

afe and effective airway management during peri-

induction of general anesthesia is a critical 

responsibility shared by all anesthesia team 

members [1]. This multifaceted task requires meticulous 

preoperative assessment of the patient's airway anatomy, 

meticulous preoxygenation, skillful placement of an 

artificial airway device, and continuous monitoring for 

potential airway complications throughout the process 

[2]. Successful airway management is a cornerstone of 

safe anesthesia practice [3]. The anesthesia team, 

consisting of anesthesiologists and nurse anesthetists, 

must possess high flexibility and skills to manage both 

routine and challenging airway management scenarios 

[4]. They should have a thorough understanding of 

airway anatomy and physiology, as well as complete 

mastery of airway management equipment and 

techniques. Furthermore, they must be able to respond 

quickly and effectively to potential complications [5-6]. 

As far as airway management education is concerned, 

the inherent complexity and multi-stage nature of the 

subject matter can present significant challenges for both 

the instructors and the students. This is particularly 

evident in traditional pedagogical approaches, which 

often rely heavily on lecture-based instruction [7]. The 

limitations of such methods have led many experts to 

advocate for a diversification of teaching methodologies 

[8]. Research findings indicate that despite the fact that 

over 70% of clinical instructors utilize traditional 

teaching methods, 90% of the students prefer modern 

teaching approaches [9]. This preference stems from the 

belief that innovative and contemporary approaches can 

lead to a deeper understanding of the material, acquisition 

of more skills, and ultimately, enhancement of student 

performance [10]. This underscores the importance of 

adopting suitable and modern teaching methods to 

improve the learning experience of nurse anesthesia 

students. 

In today's rapidly changing world, effective learning is 

not possible without embracing innovative educational 

methods [11]. The limitations inherent in traditional 

educational methods, coupled with the concurrent growth 

of information technology and ubiquitous electronic 

devices, have fostered the emergence of “electronic 

learning (E-Learning)” as a valuable complement or 

alternative in educational courses [12-13]. E-Learning 

encompasses the utilization of modern technologies – 

computers, mobile phones, the Internet, multimedia 

discs, and electronic journals – to facilitate knowledge 

acquisition and skill development [14]. This approach 

offers many advantages, including increased flexibility in 

learning pace and schedule, cost-effectiveness, and 

enhanced learning outcomes [15-16]. In its various 

forms, E-Learning has been demonstrably successful in 

improving the knowledge base of learners across diverse 

healthcare fields [17]. 

Emerging as a subbranch of E-Learning, Micro-

Learning presents an innovative instructional approach. 

It delivers educational content in a step-by-step manner 

through concise learning modules and short-term 

activities. This approach aims to reduce the cognitive 

burden associated with complex material, thereby 

facilitating learner comprehension [18-19]. 

Characterized by the delivery of learning modules with a 

maximum duration of 15 minutes, Micro-Learning 

encompasses a variety of educational formats, including 

brief written text, short graphics, Micro-Podcasts, Micro-

Videos, and Micro-Quizzes [9, 11, 20]. Each of these 

focused learning units targets a specific and well-defined 

objective. This targeted approach can potentially 

contribute to enhanced learner comprehension and 

superior knowledge retention [9, 17]. Micro-Learning is 

an asynchronous approach that delivers learning content 

primarily through mobile devices and personal 

computers. This empowers learners to have control over 

the time, place, and manner in which they access 

educational materials, enabling them to shape their 

learning process actively [21-22]. This makes Micro-

Learning ideal for accommodating learners with diverse 

learning styles [23]. 

While the integration of Micro-Learning in nursing and 

medical educational programs remains a nascent area of 

exploration, initial research suggests its potential to 

enhance the teaching-learning experience. This, in turn, 

could contribute to advancements in healthcare service 

quality through cultivation of a more proficient 

healthcare workforce [9, 11, 23]. It is noteworthy that 

prior research has primarily concentrated on the influence 

of the Micro-Learning method on the lower levels of 

Bloom's taxonomy and Kirkpatrick's model. This 

underscores the necessity for further investigation into its 

effectiveness in fostering the acquisition of practical 

skills, extending beyond the mere accumulation of 

knowledge. Furthermore, the existing body of research 

presents an ambiguous picture regarding the impact of 

Micro-Learning on learner retention. This inconclusive 

outcome necessitates additional exploration to determine 

its efficacy in this domain definitively. Finally, it is 

crucial to acknowledge that past studies have 

predominantly employed interventions of limited 

complexity, thus failing to fully exploit the potential 

inherent within the Micro-Learning approach. This very 

limitation presents a compelling opportunity for novel 

research endeavors that incorporate more substantial 

interventions. 

Motivated by the aforementioned gaps and the lack of 

similar research, this study specifically investigates 

whether Micro-Learning, compared to traditional face-to-

face lecture-based education, can improve nurse 

anesthesia students’ acquisition and retention of airway 

S 
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management knowledge and skills during peri-induction 

of general anesthesia. 

Methods 

Design and setting 

This Non-Randomized Controlled Study with a Pre-

test-Post-test design was conducted in Iran from 

November 2023 to January 2024. it was conducted on 

nurse anesthesia students at Ahvaz Jundishapur 

University of Medical Sciences and had a control group. 

Sampling 

Eligible students were recruited using a convenience 

sampling method (n=52). Inclusion criteria for the study 

were willingness to participate, informed consent, and 

active participation in the operating room anesthesia 

internship according to the official curriculum. The 

exclusion criterion was the student's unwillingness to 

continue cooperation at any stage of the study. 

Allocation 

To neutralize the effect of the intervening variable on 

the results of the study, the samples were first blocked 

based on the General Point Average (GPA) variable and 

then divided into the intervention (n=26) and control 

(n=26) groups using a Random Number Table. 

Instruments 

Data collection for this study utilized a researcher-made 

instrument termed AMAI-NA (Airway Management 

Assessment Instrument for Nurse Anesthetists). The 

AMAI-NA was constructed by drawing upon items from 

international anesthesia resources, validated academic 

articles, and expert opinions from faculty members of the 

nurse anesthesia department. This instrument comprised 

three distinct sections: 

I. Demographic information: Included variables age, 

gender, and GPA. 

II. Questionnaire (to assess the student's theoretical 

knowledge): This questionnaire consisted of 30 standard 

four-option questions. The Content Validity Index (CVI) 

of the questionnaire was calculated after being presented 

to 10 faculty members of the nurse anesthesia department 

which was 0.88. Its reliability was also analyzed by 

measuring Cronbach's alpha coefficient which was 0.72. 

III. Checklist (to assess the student’s skills): This 

checklist was developed based on the Likert scale and had 

three subscales: 

a. Pre-induction phase (6 items) 

b. Intra-induction phase (4 items) 

c. Post-induction phase (6 items) 

The CVI was also calculated alongside the 

questionnaire which was 0.83. Its reliability was also 

analyzed by measuring Cronbach's alpha coefficient 

which was 0.79. 

 

Procedure 

After obtaining approval from the Research Ethics 

Committees of Ahvaz Jundishapur University of Medical 

Sciences, eligible students were invited to an introductory 

session in the faculty. During this session, a 

comprehensive overview was provided encompassing the 

following points: study guides, detailed research goals, 

and potential benefits of participation. Then, the students 

provided their informed consent for participation. Next, 

to assess the students' initial knowledge and skills level, 

all participated in a Pre-test held in the faculty's practice 

room. Subsequently, they were first blocked by GPA, and 

then randomly assigned to either the M-L M 

(intervention) or T M (control) groups using a random 

number table and the students’ unique ID numbers. 

Over a three-week course, pre-determined educational 

materials were delivered to the students within the M-L 

M and T M groups via distinct educational 

methodologies: 

T M Group: The participants of this group participated 

in three three-hour face-to-face workshop sessions, held 

on Saturdays for three consecutive weeks. These 

workshops focused on the practical and theoretical 

aspects of airway management in the peri-induction of 

general anesthesia. Each week was dedicated to a 

separate phase: airway management during pre-

induction, intra-induction, and post-induction of general 

anesthesia. During the course, a traditional lecture-based 

approach was used to deliver educational content 

(PowerPoint slides) to the students. To complement the 

theoretical content, at the end of each week (on 

Wednesdays), a session was held by the research team in 

the faculty's practice room, providing an opportunity to 

practice what students have learned by low-fidelity 

simulation. 

M-L M Group: Over the course of three consecutive 

weeks, the members of this group participated in a 

dynamic educational program that included the following 

diverse educational materials: 

 Micro-Videos: Eighteen video modules, each with a 

maximum running time of 15 minutes, incorporating 

a combination of slides, images, video clips, and 

conceptual maps. 

 Micro-Podcasts: Three 15-minute audio podcasts to 

create alternative learning paths and reinforce 

listening comprehension of the material. 

 Micro-Quizzes: Fifteen short quizzes, each 

consisting of five four-option questions with limited 

time, to encourage self-assessment and active 

participation. 

 Micro-Games: Three brief games consisting of short 

multiple-choice questions, to increase engagement. 

To strengthen the self-regulation aspect of learning and 

create opportunities for continuous learning at any time 

and place, a private channel and a private group were 

created on the Telegram messenger at the beginning of 

the course. This channel and group, using the potential of 

Web 2.0, provided a platform for interaction and 
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knowledge exchange between students and the research 

team. First, the expectations and details of the 

intervention were explained to the students on this 

platform, and then, Micro-Contents (Micro-Learning-

based Contents) were provided to them through the 

channel. To mitigate potential bias, they were instructed 

to refrain from sharing the educational content they 

received with members of the T M group. The research 

team maintained an active presence within the online 

platform, fostering a collaborative environment. This 

included addressing participant inquiries, clarifying any 

ambiguities in the materials, and facilitating peer-to-peer 

interaction. 

Timeline of Educational Activities of the Course in M-

L M group (Figure 1): 

First Week: The first week of the course began with a 

focus on the "pre-induction of general anesthesia" phase. 

a. Over a five-day period commencing on Saturday and 

concluding on Wednesday, five Micro-Videos, each 

no longer than 10 minutes, were presented. The 

topics included “preparation of airway management 

equipment”, “preparation and testing of anesthesia 

machines”, “an overview of general anesthetic 

drugs”, “patient airway assessment”, and “patient 

positioning”. At a 6-hour interval following the 

release of each Micro-Video, a five-question Micro-

Quiz was administered with a limited time frame to 

assess learning and enhance student participation. 

b. On Wednesday, the research team conducted a 

hands-on skills training session utilizing low-fidelity 

simulation in the faculty’s practice room to 

complement theoretical instruction by practicing 

what students have learned. 

c. On Thursday, to summarize key concepts, 

consolidate learning, and enhance learning retention, 

the content presented in the previous days was 

presented in two summarized and concise formats: a 

Micro-Video and a Micro-Podcast. Each multimedia 

piece adhered to a 15-minute maximum runtime and 

utilized concept maps, videos, visuals, and audio 

narration to communicate the essential takeaways 

effectively. 

d. On Friday, students participated in a researcher-

developed Micro-Game, titled "Anesthopardy!”. 

Inspired by the television program Jeopardy!, the 

game challenged participants to use their knowledge 

to guess the correct question out of four options, 

based on an answer provided by a host. Points were 

awarded for each correct answer. The game was 

facilitated through a video chat hosted on the 

Telegram platform. 

To ensure standard educational materials (as seen in 

Figure 2), the research team followed electronic learning 

content guidelines [24-26]. 

Second Week: In the second week of the course, the 

focus shifted to the "Intra-induction of general 

anesthesia" Phase. The structure of educational content 

delivery and practical exercises mirrored those of the first 

week, which included “pre-oxygenation”, “airway 

management techniques”, “supraglottic airway device 

placement”, “laryngoscopy”, and “endotracheal 

intubation”. This content was presented in a Micro-

Learning format, utilizing Micro-Videos, Micro-Quizzes, 

Micro-Podcasts, and Micro-Games, consistent with the 

approach employed in the first week. Practical training 

sessions were conducted in the faculty's practice room, 

facilitated by the research team, and utilized low-fidelity 

simulation. 

Third Week: The last week of the course focused on the 

“post-induction of general anesthesia” phase. The 

educational content format, presentation schedule, and 

practical activities followed a similar pattern to previous 

weeks. The educational content covered “ensuring proper 

endotracheal tube (ETT) placement”, “ETT fixation”, 

“securing connections”, “ventilator setups”, and “airway 

protection for patients after general anesthesia 

induction”. 

Figure 1- Timeline and The Order of Micro-Learning-Based Interventions Implemented in the M-L M Group By 

Time 
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Figure 2- An example of the produced content including concept maps and visuals 

After the completion of the three-week course, the 1st 

and 2nd Post-tests were administered in the same manner 

as the Pre-test, and the data were collected. 

 First Post-test: Ten days after the end of the 

educational interventions, the 1st Post-test was 

conducted to assess the level of knowledge and 

skills acquired by the students in both the M-L M 

and T M groups. 

 Second Post-test: To assess the long-term 

retention of students’ knowledge and skills, the 

2nd Post-test was conducted one month after the 

1st Post-test. 

Statistical Analysis 

To investigate the homogeneity of intervention and 

control groups in terms of age, GPA, and gender, 

statistical tests were employed based on the type of 

variable and the distribution of the data. Specifically, the 

Mann-Whitney U test, Independent-Samples T Test, and 

Chi-Square Test were utilized, for age, GPA, and gender 

respectively. The Shapiro-Wilk test and an examination 

of the shape of the samples' distributions were used to 

assess the data distribution. The mean scores of each 

group at each time point were then calculated. In the 

following, for normally distributed data, parametric tests 

(included Independent-Samples T Test for inter-group 

comparisons and Repeated Measures ANOVA for 

investigating within-group changes) were employed, 

while for non-normally distributed data, non-parametric 

tests (included Mann-Whitney U for inter-group 

comparisons and Friedman Test for investigating within-

group changes) were utilized. All statistical analyses 

were conducted using IBM SPSS Statistics version 27 

software. 

Results 

The present study was conducted with the participation 

of 52 nurse anesthesia students of whom 26 were in the 

M-L M group and the other 26 were in the T M group. 

The two groups were homogeneous in terms of gender, 

age, and GPA and there was no significant difference 

between them (P=1, P=0.161, and P=0.627) (Table 1). 

According to the results of the Z-Score analysis, no 

outlier data was identified. 

Within-Group Comparison 

M-L M Group: 

Knowledge: The mean scores exhibited a significant 

increase of 145.73% from the Pre-test to the 1st Post-test, 

followed by a decrease of 21.39% from the 1st Post-test 

to the 2nd Post-test. Nevertheless, the mean scores in the 

2nd Post-test remained 93.16% higher compared to the 

Pre-test. All these changes were statistically significant 

(P<0.001, P<0.001, and P<0.001) (Table 2,3). 

Skills: The mean score of Skills (Overall) also changed 

over the three testing stages, similar to the knowledge 

mean scores. The mean scores increased by 104.40% 

from the Pre-test to the 1st Post-test and decreased by 

23.45% from the 1st Post-test to the 2nd Post-test. 

However, the 2nd Post-test scores were still 56.47% 

higher than the Pre-test scores. All these changes were 

statistically significant (P<0.001, P<0.001, and P<0.001) 

(Table 2, 3). 

The changes in mean scores of pre-induction, intra-

induction, and post-induction phases were consistent 

with the changes in the mean scores of Skills (Overall). 

The mean scores of pre-induction, intra-induction, and 

post-induction phases, increased by 104.41%, 87.24%, 

and 117.31%, respectively, from the Pre-test to the 1st 

Post-test. Then, from the 1st Post-test to the 2nd Post-test, 

the mean scores decreased by 18.25%, 24.86%, and 

20.02%, respectively. The mean scores in the 2nd Post-

test were 67.10%, 40.68%, and 73.78% higher than that 

in the Pre-test, respectively. All changes in mean scores 

were statistically significant for all three Phases (Table 2, 

3). 

T M Group: 

Knowledge: The mean score increased by 81.95% from 

the Pre-test to the 1st Post-test, and decreased by 25.79% 

from the 1st Post-test to the 2nd Post-test. However, the 

mean score in the 2nd Post-test was 35.02% higher than 

that in the Pre-test. All these changes were statistically 

significant (P<0.001, P<0.001, and P<0.001) (Table 2, 3). 
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Skills: There was a substantial increase of 72.12% in 

the mean score of Skill (Overall) from the Pre-test to the 

1st Post-test. However, this was followed by a decrease 

of 28.92% from the 1st Post-test to the 2nd Post-test. 

Consequently, the mean score in the 2nd Post-test 

remained 22.20% higher than that in the Pre-test. All 

these changes were statistically significant (P<0.001, 

P<0.001, and P<0.001) (Table 2, 3). 

The alterations observed in the mean scores of all three 

phases corresponded consistently with the fluctuations in 

the mean scores of skills (Overall). The mean scores of 

pre-induction, intra-induction, and post-induction phases, 

increased by 74.90%, 58.25%, and 79.96%, respectively, 

from the Pre-test to the 1st Post-test. Then, from the 1st 

Post-test to the 2nd Post-test, the mean scores decreased 

by 31.56%, 23.97%, and 26.33%, respectively. The mean 

scores in the 2nd Post-test were 19.69%, 20.38%, and 

32.57% higher than that in the Pre-test, respectively. All 

changes in mean scores were statistically significant for 

all three Phases (Table 2, 3). 

Inter-Group Comparison 

Knowledge: Following the educational intervention, 

the mean score of the M-L M group in the 1st Post-test 

was significantly higher than that of the T M group 

(P=0.047), while there was no significant difference 

between the two groups’ mean scores in the Pre-test 

(P=0.071). On the other hand, the extent of score decline 

from the 1st Post-test to the 2nd Post-test was lower in 

the M-L M group compared to the T M group, resulting 

in a significant difference in the scores of the 2nd Post-

test between the two groups (P=0.016) (Table 4). 

Skills: As with the Knowledge test, despite the lack of 

any significant difference between the mean scores of 

Skills (Overall) in the Pre-test (P=0.639), the mean score 

of the M-L M group in the 1st Post-test was significantly 

higher than that of the T M group (P<0.001). Conversely, 

the decrease in mean score from the 1st Post-test to the 

2nd Post-test was lower in the M-L M group compared to 

the T M group, leading to a significant difference in the 

mean scores of the 2nd Post-test between the two groups 

(P<0.001) (Table 4). 

Comparison of the mean scores of pre-induction, intra-

induction, and post-induction phases revealed a pattern 

closely resembling the results of comparing Knowledge 

and skills (Overall) variables between groups, despite the 

lack of significant differences in the Pre-test (P=0.358, 

P=0.581, and P=0.497). The mean scores of the M-L M 

group in the 1st Post-test were significantly higher than 

those of the T M group due to a considerable increase in 

mean scores (P<0.001, P<0.001, and P<0.001). 

Furthermore, considering the much smaller decline in 

scores in the 2nd Post-test in the M-L M group compared 

to the T M group, the difference in mean scores between 

the two groups was statistically significant (P<0.001, 

P=0.006, and P<0.001) (Table 4). 

Table 1- Comparison of Participants’ Gender, Age, and GPA Between the Groups 

Variable  M-L M (n=26) T M (n=26) 

Gender 

Female (%) 18 (69.23) 18 (69.23) 

Male (%) 8 (30.76) 8 (30.76) 

P value* 1 

Age 
Mean ± Std. Deviation 21.57 ± 2.98 23.38 ± 5.72 

P value** 0.161 

GPA 
Mean ± Std. Deviation 16.51 ± 1.64 16.73 ± 1.67 

P value*** 0.627 
* Chi-Square Test 

** Mann-Whitney Test 

*** Independent-Samples T Test 

Table 2- Mean Scores of Two Groups by Time 

Group Variable 

Mean ± Std. Deviation 

Pre-test 
1st 

Post-test 

2nd 

Post-test 

M-L M 

Knowledge 08.92 ± 03.08 21.92 ± 05.64 17.23 ± 04.67 

Skills (Overall) 36.07 ± 10.10 73.73 ± 05.56 56.44 ± 05.54 

  Pre-Induction 13.59 ± 04.45 27.78 ± 01.98 22.71 ± 02.50 

  Intra-Induction 09.88 ± 02.95 18.50 ± 01.69 13.90 ± 01.80 

  Post-Induction 12.59 ± 04.14 27.36 ± 03.69 21.88 ± 03.04 

T M 

Knowledge 10.42 ± 03.25 18.96 ± 04.96 14.07 ± 02.63 

Skills (Overall) 34.90 ± 07.73 60.07 ± 07.12 42.65 ± 06.79 

  Pre-Induction 12.59 ± 03.74 22.02 ± 03.28 15.07 ± 03.73 

  Intra-Induction 10.30 ± 02.52 16.30 ± 01.96 12.40 ± 02.19 

  Post-Induction 11.88 ± 03.30 21.38 ± 03.29 15.75 ± 02.21 
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Table 3- Within-Group Comparison. 

Group Variable 

P value* 

Pre-test vs. 1st 

Post-test 

Pre-test vs. 2nd 

Post-test 

1st Post-test vs. 

2nd Post-test 

M-L M 

Knowledge <0.001 <0.001 <0.001 

Skills (Overall) <0.001 <0.001 <0.001 

Pre-Induction <0.001 <0.001 <0.001 

Intra-Induction <0.001 <0.001 <0.001 

Post-Induction <0.001 0.001 <0.001 

T M 

Knowledge <0.001 <0.001 <0.001 

Skills (Overall) <0.001 <0.001 <0.001 

Pre-Induction <0.001 0.004 <0.001 

Intra-Induction <0.001 <0.001 <0.001 

Post-Induction <0.001 <0.001 <0.001 
* Repeated Measures ANOVA/Freidman Test 

Table 4- Inter-Group Comparison of Mean Scores at Each Time Point. 

Variable 
P value* 

Pre-test 1st Post-test 2nd Post-test 

Knowledge 0.071 0.047 0.016 

Skills (Overall) 0.639 <0.001 <0.001 

 Pre-Induction 0.358 <0.001 <0.001 

 Intra-Induction 0.581 <0.001 0.006 

 Post-Induction 0.497 <0.001 <0.001 
* Independent-Samples T Test/Mann Whitney U Test 

 

Discussion 

Key results 

This study investigated the impact of Micro-Learning 

on enhancing nurse anesthesia students' knowledge and 

skills in airway management. The M-L M group showed 

a more significant improvement in knowledge and skills 

acquisition than did the T M group. Moreover, the 

retention of knowledge and skills in the M-L M group 

was higher than that of the T M group. Therefore, 

adoption of Micro-Learning significantly contributed to 

enhancing students' learning outcomes. 

Interpretation 

The findings of this study underscore the effectiveness 

of both traditional and Micro-Learning methodologies in 

improving student learning outcomes. While the 

traditional approach offers advantages such as 

multifaceted interaction with learning materials and a 

shared physical learning environment, particularly 

beneficial for students encountering new concepts or 

skills, Micro-Learning significantly enhances knowledge 

and skills acquisition within the Micro-Learning group. 

This advantage can be attributed to the inherent flexibility 

of Micro-Learning, which allows for personalized 

learning experiences and fosters a deeper understanding 

of complex concepts [21]. Moreover, Micro-Learning 

addresses limitations inherent in traditional methods by 

providing ubiquitous access to educational materials, 

enabling spaced repetition for knowledge consolidation, 

and promoting continuous reinforcement of learning [9]. 

The decline observed in both groups' knowledge and 

skills scores during the follow-up assessment may be 

attributed to forgetting and skill decay. However, the 

larger decline observed in the traditional method group 

suggests its susceptibility to these challenges. The 

passive nature of lecture-based instruction and the lack of 

repetition opportunities inherent in synchronous delivery 

both contribute to superficial understanding and lower 

retention [27]. Conversely, the smaller decline in the 

Micro-Learning group's scores indicates that Micro-

Learning not only facilitates initial learning but also 

promotes knowledge and skills consolidation [17]. The 

delivery of information in bite-sized modules allows for 

easier review and repetition, which will lead to enhanced 

retention [21]. Additionally, Micro-Learning's use of 

multimedia material may lead to deeper cognitive 

engagement, potentially strengthening long-term 

memory and improving recall [8]. 

While this study highlights the potential advantages of 

Micro-Learning for specific learning outcomes compared 

to traditional lectures, it is essential to recognize the 

continued value of both methodologies in educational 

and training contexts. Careful consideration of learning 

objectives, target audience characteristics, and available 

resources should inform the selection of the optimal 

approach. 
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Comparison with previous studies 

The present study aligns with a growing body of 

research supporting the efficacy of Micro-Learning in 

medical education. Our findings echo those of Ichiuji et 

al. (2022), who demonstrated superior knowledge gain 

and retention among medical students using Micro-

Learning modules compared to traditional online learning 

formats [28]. Furthermore, our results resonate with 

Sözmen et al. (2021), who reported that Micro-Learning 

approaches fostered increased motivation and 

independent learning among medical students during the 

COVID-19 pandemic [23]. The present study also lends 

support to the study of Sedaghatkar et al. (2023) in which 

the synergistic combination of Micro-Learning with task-

based learning strategies yielded significant 

improvements in medical students' knowledge and 

clinical performance [11]. Additionally, our findings 

regarding improved knowledge acquisition concur with 

those of Zarehshah et al. (2022) who investigated the 

impact of remote classes utilizing Micro-Learning 

content on nursing students' learning outcomes in clinical 

education [9]. Similarly, results of Nauman Ahmad et al. 

(2016) are consistent with our, demonstrating the 

effectiveness of Micro-Learning-based audio podcasts in 

enhancing student learning outcomes [29]. 

Conclusion 

The current study provides empirical evidence that 

students engaged in Micro-Learning-based instruction 

exhibit a deeper comprehension, acquire a higher level of 

skill proficiency, and demonstrate greater knowledge and 

skills retention compared to their counterparts receiving 

traditional pedagogical methods. 

As technology becomes more deeply ingrained in 

educational curricula, there is a fundamental 

reconsideration of educational methods underway. 

Recent research, including this study, underscores the 

effectiveness of Micro-Learning in enriching education 

programs. This suggests that integrating Micro-Learning 

could offer a valuable solution for updating the 

educational programs of the nurse anesthesia department, 

aligning them with the evolving demands of the field. 

This approach can foster a more dynamic and current 

teaching-learning process, leading to graduates with a 

stronger knowledge base and a more comprehensive 

skillset. Ultimately, this translates to improved patient 

care outcomes and contributes to a healthier population. 

Limitations 

While this study provides novel insights, it was faced 

with challenges and limitations that may have affected 

the generalizability and validity of its findings. For 

example, the small sample size may limit the 

applicability of the results to wider populations. 

Moreover, due to sample selection constraints, the 

convenience sampling method was employed, and the 

sample was collected from among students enrolled in 

only one university. This could hinder the 

generalizability of the results to other student populations 

with diverse demographic characteristics and educational 

backgrounds. 

Despite the research team's efforts to prevent the 

storage and sharing of Micro-Content provided to the M-

L M group, potential interactions between members of 

the two groups could have allowed for the transfer of 

knowledge from the M-L M group to the T M group. This 

could potentially confound the observed effect of the 

interventions. Additionally, this study did not provide the 

opportunity to explain the impact of Micro-Learning on 

the “Impact” level of Kirkpatrick's model, which makes 

it difficult to fully evaluate its effectiveness in changing 

the behavior of students at the bedside. This, in turn, 

could be a motivation for future research, along with 

investigating the generalizability of the findings of this 

study to other educational settings. 

Ethical considerations 

Ethical approval was obtained from the Research Ethics 

Committees of Ahvaz Jondishapur University of Medical 

Sciences (Reference Number: 

IR.AJUMS.REC.1402.349) before conducting the study. 

Prior to commencement of the intervention, the aims and 

procedures of the study were explained to eligible 

students. Participation in the study was voluntary, and 

individuals could withdraw at any stage. Written 

informed consent was obtained from all participants. The 

confidentiality of all test scores was maintained 

throughout the study. In the end, after completion of the 

study, members of the T M group were also invited to 

receive the educational content provided to the M-L M 

group, if they wished. 

Suggestions 

Despite Micro-Learning's high potential for enhancing 

the teaching-learning experience, there has been little 

research in this area, presenting significant opportunities 

for more research. This flexible approach is expected to 

be useful not only as a standalone method but also as an 

effective tool to enrich other new and even traditional 

educational methods. To explore this potential, Micro-

Learning-based content can be utilized to provide 

educational materials for Flipped Classrooms and 

Project-Based independent activities, facilitate Self-

Regulated learning during clinical internships, or 

organize Peer-to-Peer learning on the Internet platforms 

(through sharing students’ experiences in Micro-Content 

like brief voices). The impact of Micro-Learning on the 

quality of healthcare services received by patients is 

another unexplored area that can open up new avenues 

for further research. Additionally, further research is 

needed to delve into Micro-Learning's potential in 
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bridging theoretical knowledge with practical actions at 

the bedside. 

On the other hand, it is worth mentioning that 

investigating the effectiveness of Micro-Evaluation 

(using concise tests or brief interactive assessments in 

Bite-Sized modules like Micro-Quizzes) alongside 

Micro-Learning in pinpointing students' strengths and 

weaknesses, while simultaneously measuring their 

knowledge and skills acquisition, also presents 

significant research opportunities to explore this 

phenomenon. 
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