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ABSTRACT

Introduction: Embryology, the study of embryo and foetal development, is essential in medical education but often 
lacks consistent instructional resources. Embryology education in medical institutions primarily relies on traditional 
lectures, presenting inconsistencies in content depth and duration. To address these limitations, multimedia inte-
gration, particularly 2D animations, has been introduced to enhance understanding and retention of embryological 
concepts. This study aimed to assess medical students’ perceptions of a 2D embryology animation depicting early 
embryogenesis through a user acceptance test. Materials and methods: A group of 20 Year 2 medical students un-
derwent this assessment, evaluating usability, learnability, memorability, understanding, and motivation via a Likert-
scale questionnaire. A descriptive analysis of mean and standard deviation was conducted using SPSS software. 
Results: Results revealed positive perceptions across genders and ethnicities in usability, learnability, memorability, 
understanding, and motivation, emphasizing the animation’s effectiveness in engaging learners. However, dispar-
ities emerged among demographic groups, suggesting a need for tailored approaches to optimise digital learning 
experiences. Limitations included the small sample size and focus on a specific embryonic stage, urging further 
studies with broader participant pools and diverse educational stages for improved generalizability. Conclusion: Our 
findings underscore the significance of multimedia in medical education and advocate for further refinement of such 
approaches to foster inclusive and effective learning environments.
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INTRODUCTION

Most medical institutions deliver embryology education 
primarily through lectures, lacking consistent laboratory 
resources and featuring varying durations of formal 
instruction. The extent and breadth of the content 
provided also vary significantly. To address the gaps 
in conventional resources like textbooks and seminars, 
some institutions have introduced workshops that merge 
basic scientific concepts with clinical applications 

to cover embryology topics comprehensively (1). 
Understanding embryology significantly aids in grasping 
intricate aspects of anatomy, particularly elucidating the 
intricate development of veins, neural networks, and 
the cranial and caudal aspects. Understanding how 
organs develop, such as the lungs and heart, contributes 
profoundly to visualising their growth and function (2).

A comprehensive grasp of embryology holds immense 
importance in addressing congenital malformations and 
birth defects, affecting millions of newborns globally 
each year. Pinpointing the underlying causes of these 
conditions remains a challenging yet essential endeavour. 
An understanding of normal development is pivotal to 
comprehending the anomalies in organ formation (3). 
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Despite a declining emphasis on embryology in medical 
education, its relevance in comprehending the origins 
of birth defects and the intricacies of genetics remains 
paramount (3).

The challenge of visualising embryonic transformations 
has led to the integration of multimedia into educational 
strategies (4). The amalgamation of movies, illustrations, 
and computer-assisted animations significantly aids 
in enhancing students’ comprehension and retention 
of embryology. Studies have underscored the positive 
impact of multimedia usage in embryology classes, 
noting that its effectiveness is further enhanced when 
combined with suitable teaching aids (4). 

The integration of multimedia, particularly animation, 
has gained increasing attention in medical education, 
particularly in the field of embryology. Several studies 
have highlighted the effectiveness of animation in 
enhancing students’ understanding and retention of 
complex anatomical concepts, including embryonic 
development (4-6).

For instance, a study evaluating the impact of 3D 
animation on medical students’ comprehension of 
embryonic development (5). Their findings indicated 
that students exposed to 3D animations demonstrated 
significantly higher levels of understanding compared to 
those relying solely on traditional teaching methods.

Similarly, Narayanan et al. (2018) investigated the use 
of 2D animations in medical education, specifically 
focusing on their role in clarifying intricate embryological 
processes. Their study revealed that students exposed 
to 2D animations exhibited improved retention of 
embryological concepts and demonstrated greater 
engagement in the learning process (7).

In addition to studies on the educational efficacy of 
animation, there is a growing body of literature examining 
the usability of animation applications in educational 
settings. For example, Guler et al. (2022) conducted 
a usability study evaluating the navigation and user 
interface design of an interactive anatomy animation 
tool (8). Their findings highlighted the importance of 
intuitive design features in enhancing user experience 
and facilitating learning.

Furthermore, Mansouri and colleagues (2020) explored 
the usability of a mobile-based embryology animation 
application among medical students (9). Their study 
revealed that while students generally found the 
application useful, certain interface design elements 
could be improved to enhance usability and user 
satisfaction.

In summary, previous literature underscores the 
potential of animation as a powerful educational tool in 
medical and embryology education. Moreover, studies 

examining the usability of animation applications 
provide valuable insights into optimizing design features 
to enhance user experience and facilitate effective 
learning. Consequently, our focus was on evaluating 
medical students’ perceptions of a 2D embryology 
animation depicting the early embryonic period, taught 
until the third week of development, through a user 
acceptance test.

MATERIALS AND METHODS 

The creation of this 2D animation marks a shift from 
traditional teaching methods to digital learning 
approaches. To assess its acceptance, a User Acceptance 
Test was conducted involving 20 Year 2 medical 
students, equally split between genders, with each group 
comprising 4 Malay, 3 Chinese, and 3 Indian students. 
The selection of the minimum number of respondents for 
the user acceptance test was based on a previous study, 
which determined 20 as the appropriate sample size (10). 
The study employed descriptive analysis exclusively, 
utilizing SPSS software version 27 to collect and analyse 
data obtained from respondents. The Likert scale, 
ranging from 1 (strongly disagree) to 5 (strongly agree), 
was used to measure the mean values for strengths and 
weaknesses across five aspects: usability, learnability, 
memorability, understanding, and motivation. These 
aspects were adapted with permission from a previous 
similar study that utilised the newly-developed simple 
2D animation with schoolers (11). 

The usability components selected for evaluation include 
usability, learnability, memorability, understanding, and 
motivation. Usability assesses how easy and effective the 
animation application is to use. Learnability measures 
how quickly users can learn to use the application, 
especially for first-time users. Memorability evaluates 
how well users can remember how to use the application 
after not using it for a while. Understanding assesses 
users’ comprehension of the content presented in the 
application. Motivation gauges users’ engagement and 
willingness to use the application for learning purposes. 
These components were chosen to comprehensively 
assess users’ experiences and interactions with the 
animation application.

This assessment took place online at the Faculty of 
Medicine and Health Sciences, Universiti Putra Malaysia. 
The digital 2D animation, depicting early embryogenesis 
in the anatomy syllabus (as illustrated in Figure 1 based 
on the current curriculum), was simultaneously shown to 
all participants twice, with a duration of approximately 
9 minutes each time. Following this, the students were 
given a questionnaire comprising five items to gauge 
their acceptance of the animation. 

The animation itself delineates the early stages of human 
development across three parts: Week 1, Week 2, and 
Week 3. Each segment highlights essential keywords 
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each item, indicating positive perceptions of usability 
in the application. Females generally expressed higher 
comfort levels (evident in Q3) compared to males in 
using the application for study purposes. Table 1(b) 
analyses usability scores by race. The usability scores 
varied among different races for various questions. While 
Malay and Indian respondents generally rated usability 
favourably across all questions, the Chinese respondents 
had lower scores for some items, particularly Question 
1 (Q1), where they had the lowest average score of 
3.67. Indian respondents scored the highest, reaching a 
maximum score of 5.00 for Question 2 (Q2), showcasing 
a stronger understanding of multimedia elements for 
learning.

Figure 1: The 9-minute embryology animation focuses solely on the 
early stages of embryogenesis, from the formation of the cleavage in 
Week 1 to the completion of gastrulation in Week 3.

crucial for comprehension and retention. Additionally, 
background music was integrated in an effort to enhance 
interactivity.
 
RESULTS

The researchers conducted statistical analysis on the 
quantitative data obtained from the questionnaires 
to assess the user acceptance test of the digital 2D 
animation. Descriptive analysis was employed to 
examine the mean and standard deviation of each item 
featured in the 2D animation (Figure 2).
In Table I, which categorises usability scores by gender, 
there’s a consistency in usability scores across gender 
groups. Both males and females scored above 4.00 for 

Figure 2: This figure illustrates the mean ratings for five usability 
attributes: Usability (4.3575), Learnability (4.36625), Memorability 
(4.0875), Understanding (4.295), and Motivation (4.54).

Table I: Mean score for usability in application by gender

No Item Question Gender Mean Std. De-
viation

Q1 I could use good inter-
action skills and active 

feedback

Male 4.20 0.79

Female 4.22 0.82

Q2 I understand the layout 
and the use of multimedia 
elements such as anima-

tion, video and audio 
better for learning

Male 4.50 0.53

Female 4.56 0.52

Q3 I am comfortable using 
this application in the 

study process

Male 4.00 0.67

Female 4.78 0.42

Q4 I am clear in understand-
ing of each menu items

Male 4.20 0.63

Female 4.40 0.53

No Item Question Races Mean Std. De-
viation

Q1 I could use good inter-
action skills and active 

feedback

Malay 4.38 0.52

Chinese 3.67 1.03

Indian 4.67 0.52

Q2 I understand the layout 
and the use of multime-

dia elements such as ani-
mation, video and audio 

better for learning

Malay 4.50 0.53

Chinese 4.17 0.41

Indian 5.00 0.00

Q3 I am comfortable using 
this application in the 

study process

Malay 4.25 0.46

Chinese 4.17 0.98

Indian 4.83 0.41

Q4 I am clear in understand-
ing of each menu items

Malay 4.25 0.46

Chinese 4.17 0.75

Indian 4.67 0.52

Table II illustrates the learnability scores across genders, 
showcasing generally positive perceptions regardless of 
gender, with an average score exceeding 4.00 for each 
item. Females reported higher scores across most items, 
demonstrating a stronger inclination towards learning 
through the application compared to males. In Table II, 
examining learnability scores by race, there is variability 
in scores across different ethnicities. Malay and Indian 
respondents generally rated learnability positively across 
all questions. However, Chinese respondents had a lower 
score, specifically a minimum average score of 3.67 for 
Question 6 (Q6), indicating a lesser understanding of the 
storyline compared to other racial groups. Conversely, 
Indian respondents scored the highest, reaching a 
maximum score of 5.00 for Question 7 (Q7), indicating 
a strong correlation between animation and imagining 
the storyline.

Table III presents memorability scores across genders, 
indicating that females tend to have slightly higher scores 
than males, particularly in aspects related to memorising 
the storyline. However, overall, both genders rated the 
memorability domain positively, with average scores 
exceeding 4.00 for each question. In Table III, when 
exploring memorability scores across races, Malay and 
Chinese respondents scored below 4.00 for memorising 
the storyline, whereas Indian respondents reported 
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Table II: Mean score for learnability in application by gender 
(a) and races (b). The total mean score for this domain is 
shown in Figure 1.

No Item Question Gender Mean Std. Deviation

Q5 I am able to learn 
better through this 

application

Male 4.10 0.74

Female 4.89 0.32

Q6 I understand the 
storyline well

Male 4.10 0.74

Female 4.22 0.82

Q7 Animation helps 
in imagining the 

storyline

Male 4.50 0.53

Female 4.56 0.52

Q8 I have fun in 
watching the story in 

animation method

Male 4.00 0.82

Female 4.56 0.52

Table II(a): Domain of learnability in application showed 
average score ≥ 4 for each item regardless male or female. 

No Item Question Races Mean Std. Deviation

Q5 I am able to learn 
better through this 

application

Malay 4.5 0.53

Chinese 4.17 0.98

Indian 4.83 0.41

Q6 I understand the 
storyline well

Malay 4.25 0.46

Chinese 3.67 1.03

Indian 4.67 0.52

Q7 Animation helps 
in imagining the 

storyline

Malay 4.50 0.53

Chinese 4.17 0.41

Indian 5.00 0.00

Q8 I have fun in 
watching the story in 
animation method

Malay 4.25 0.71

Chinese 4 0.89

Indian 4.67 0.52

Table II(b): Domain of learnability in application showed 
lowest average score 3.67 in Q6 in Chinese whereas the 
maximum score of 5.00 in Indian for Q7. Table II: Mean score for learnability in application by gender 

and races

No Item Question Gender Mean Std. Deviation

Q5 I am able to learn 
better through this 

application

Male 4.10 0.74

Female 4.89 0.32

Q6 I understand the 
storyline well

Male 4.10 0.74

Female 4.22 0.82

Q7 Animation helps 
in imagining the 

storyline

Male 4.50 0.53

Female 4.56 0.52

Q8 I have fun in 
watching the story in 
animation method

Male 4.00 0.82

Female 4.56 0.52

No Item Question Races Mean Std. Deviation

Q5 I am able to learn 
better through this 

application

Malay 4.5 0.53

Chinese 4.17 0.98

Indian 4.83 0.41

Q6 I understand the 
storyline well

Malay 4.25 0.46

Chinese 3.67 1.03

Indian 4.67 0.52

Q7 Animation helps 
in imagining the 

storyline

Malay 4.50 0.53

Chinese 4.17 0.41

Indian 5.00 0.00

Q8 I have fun in 
watching the story in 
animation method

Malay 4.25 0.71

Chinese 4 0.89

Indian 4.67 0.52

higher scores across both questions. The Malay and 
Chinese groups particularly struggled with memorisation 
aspects compared to the Indian group, which displayed 
a better ability to memorise the storyline and its layout 
within the story.

Table IV indicates that both genders demonstrated a 
positive understanding of the application, with average 
scores exceeding 4.00 for identifying characters in 
stories and improving thinking skills. The domain of 
understanding was consistent across males and females, 
reflecting a strong grasp of the application’s content. 
Table IV reveals that regardless of race, participants 
reported an average score of 4.00 or above for 
understanding the application. Malay, Chinese, and 
Indian respondents each exhibited a solid understanding 
of the application’s content, as evidenced by their 
positive scores for identifying characters in stories and 
enhancing thinking skills.

Table V highlights a strong motivation among both 
genders towards the application, with average scores 
exceeding 4.00 for preferences towards animation over 
lecture slides and feeling excited and happy to learn 
through this method. These findings indicate a high 
level of motivation regardless of gender, showcasing 
the application’s effectiveness in engaging users. 
Table V indicates that irrespective of race, participants 
displayed a motivation score exceeding 4.00 for each 
item. Malay, Chinese, and Indian respondents reported 

Table III: Mean score for memorability in application by 
gender and races

No Item Question Gender Mean Std. Deviation

Q9 I am able to memorise 
the storyline

Male 3.80 0.42

Female 4.11 0.92

Q10 This app helps me to 
memorise the storyline 

layout in the story

Male 4.00 0.47

Female 4.44 0.71

No Item Question Races Mean Std. Deviation

Q9 I am able to memorise 
the storyline

Malay 3.88 0.64

Chinese 3.83 0.98

Indian 4.33 0.52

Q10 This app helps me to 
memorise the storyline 

layout in the story

Malay 4.13 0.35

Chinese 4.00 0.89

Indian 4.67 0.52

Table IV: Mean score for understanding in application by gen-
der and races  

No Item Question Gender Mean Std. Deviation

Q11 I am able to identify 
the characters in pro-

vided stories

Male 4.10 0.57

Female 4.22 0.82

Q12 I am able to improve 
thinking skills

Male 4.30 0.48

Female 4.56 0.52

No Item Question Races Mean Std. Deviation

Q11 I am able to identify 
the characters in 
provided stories

Malay 4.25 0.71

Chinese 4.00 0.89

Indian 4.33 0.52

Q12 I am able to improve 
thinking skills

Malay 4.38 0.52

Chinese 4.33 0.52

Indian 4.67 0.52

Table V: Mean score for motivation in application by gender 
and races  

No Item Question Gender Mean Std. Deviation

Q13 Using animation is 
better than reading the 

lecture slides

Male 4.30 0.82

Female 4.78 0.42

Q14 I am excited and hap-
py to learn with this 

method

Male 4.30 0.82

Female 4.78 0.42

No Item Question Races Mean Std. Deviation

Q13 Using animation is 
better than reading the 

lecture slides

Malay 4.38 0.74

Chinese 4.50 0.84

Indian 4.83 0.41

Q14 I am excited and hap-
py to learn with this 

method

Malay 4.25 0.71

Chinese 4.67 0.82

Indian 4.83 0.41

strong motivation levels towards the application, 
expressing preferences for animation over lecture slides 
and showing enthusiasm and excitement for learning 
through this method.

DISCUSSION
 
The assessment of embryology education in medical 
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schools has revealed a significant reliance on traditional 
lecture-based instruction, often lacking consistent 
laboratory resources and featuring varying content 
depths and durations of formal instruction (12). To 
fill these gaps, certain institutions have incorporated 
workshops bridging basic scientific concepts with 
clinical applications, aiming for comprehensive 
coverage of embryology topics. 

The challenge of visualising embryonic transformations 
has spurred the integration of multimedia into 
educational strategies. Our study aimed to evaluate 
medical students’ perceptions of a 2D embryology 
animation depicting the early embryonic period through 
a user acceptance test. The animation was designed as a 
transition from conventional teaching methods to digital 
learning approaches. 

Different racial or ethnic groups may have distinct 
cultural backgrounds that influence their learning styles, 
preferences, and perceptions of educational materials 
(13). Understanding these cultural nuances can help 
tailor educational interventions to better suit the needs 
of diverse student populations. Racial or ethnic groups 
may have varying levels of proficiency in the language of 
instruction, which can impact their comprehension and 
engagement with educational materials (14). Assessing 
racial differences can shed light on the effectiveness 
of communication. Research also suggests that males 
and females may have different learning styles and 
preferences (15). For example, females may prefer more 
collaborative or interactive learning environments (16), 
while males may excel in hands-on or visual learning 
activities (17). Assessing gender differences can help 
tailor educational materials and teaching strategies to 
accommodate diverse learning styles. 

Our findings regarding user acceptance, evaluated 
across different demographic groups, shed light on 
several crucial aspects. In terms of usability, both 
genders generally perceived the application positively, 
with females expressing higher comfort levels in its 
usage for study purposes. Chinese respondents might 
have different expectations or preferences regarding the 
usability of educational tools compared to Malay and 
Indian participants (18). Factors such as interface design, 
navigation styles, or the overall layout might align more 
with the preferences of Malay and Indian participants 
compared to the Chinese group

Learnability, relating to the ease of learning through 
the application, displayed positive perceptions 
across genders. Females might have shown a stronger 
inclination towards learning through the application 
compared to males due to potential differences in 
learning preferences. For example, if the application 
relied heavily on visual learning, females might have 
been more receptive to this method compared to males 
who might have preferred other learning modalities (19). 

Variability was observed among different ethnicities, 
notably with Chinese respondents displaying a lesser 
understanding of the storyline compared to other racial 
groups.

Memorability, reflecting the ability to recall information 
from the animation, demonstrated positive scores 
overall. Females tended to have slightly higher scores 
than males in aspects related to memorising the storyline. 
The differences observed in memorability scores among 
demographic groups, specifically with Malay and 
Chinese respondents showing lower scores compared 
to the Indian group, could be influenced by various 
factors. These might include cultural or language-
related differences, varying learning preferences, or the 
familiarity of the respondents with the content presented 
in the animation (20).

Understanding of the application’s content, assessed 
across genders and races, showcased a strong grasp 
among participants. Both genders and all racial 
groups reported positive scores for understanding the 
application’s content, displaying solid comprehension 
skills (21). Motivation towards the application displayed 
high levels across genders and races, indicating an 
overall enthusiasm and preference for learning through 
the animation method over traditional lecture slides.

These findings underscore the significance of multimedia, 
particularly 2D animations, in engaging medical 
students and enhancing their learning experiences 
in embryology (4). The identified differences among 
demographic groups call for tailored approaches to 
ensure inclusivity and effectiveness in digital learning 
methodologies. Further investigations are warranted 
to explore and address these differences, potentially 
refining the integration of multimedia in medical 
education for improved learning outcomes.

CONCLUSION

In conclusion, the study illuminates the pivotal role of 
embryology in medical education, revealing widespread 
reliance on traditional lecture-based teaching methods 
that often lack consistent resources and exhibit varying 
content depth. Bridging these gaps, the integration 
of multimedia, exemplified by a 2D animation in this 
study, serves as a potent tool to enhance comprehension 
and retention of complex embryological concepts. 
While the animation garnered positive perceptions in 
usability, learnability, memorability, understanding, 
and motivation across genders and ethnicities, notable 
disparities surfaced among demographic groups, 
underscoring the need for tailored approaches to ensure 
equitable and effective digital learning experiences. 
Emphasizing the significance of multimedia in engaging 
medical students, this research advocates for further 
exploration and refinement of such approaches to foster 
inclusive and optimally effective medical education 
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methodologies.
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