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ABSTRACT

Embryology, which is a part of anatomy curriculum, is well known to be most difficult to teach. Applied
embryology is important in medical practice especially in obstetrics and gynecology. To support teaching
embryology, a few multimedia methods have been introduced for the past twenty years, such as animations, two-
dimensional illustrations, three-dimensional illustrations, movies, and video. Innovative anatomy teaching and
learning technology, particularly in the embryology syllabus, dramatically boosts students’ understanding and
interest while also indirectly simplifies anatomists’ job. Students are excited to be able to visualize the embryo
changes at any gestational age from fertilization to fetus development. Students” motivation is increased, and their
comprehension and memorization are improved. In this review, we elaborate on the details of multimedia methods
used for embryology teaching and learning as an alternative to traditional lectures and tutorials. The variety of
approaches aids in reducing boredom and maintaining high levels of concentration. As a result, the multimedia
usage is useful for long-term memorization.
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INTRODUCTION

Generally, the medical curriculum comprises of preclinical and clinical phases. During the two
or three years of the preclinical phase, medical students are required to complete the subjects of
anatomy, physiology, biochemistry, pharmacology, and microbiology. Among these subjects,
anatomy is considered to be the ‘king of medical sciences’. Anatomy curriculum includes gross
anatomy, microscopic anatomy (or histology), comparative anatomy, and developmental
anatomy (or embryology) (Darda 2010). Traditionally, gross and microscopic anatomy are
delivered as theory and practice, however, there is no practical session for embryology. The lack
of visualization in embryology teaching usually dampened the medical students’ interest hence
the consistently high failure rate during the examinations (Al-Neklawy 2017).

First-year medical students need to gain full knowledge of human development to
optimally relate the upcoming systemic subjects. Until now, lack of multimedia exposure is
considered a major challenge in the public universities in Malaysia which might be due to cost
constraint. Lecturers usually use the traditional method to teach embryology: PowerPoint with
diagrams.

Innovative technologies in anatomy teaching and learning, especially in the embryology
syllabus, significantly improved the students’ understanding and interest, and also indirectly
simplified the anatomy teachers’ delivery methods (Moraes and Pereira 2010). Students are
thrilled to visualize the developmental changes in the intrauterine life at a specific gestational
age from the fertilization stage up to the fetal formation. Furthermore, their motivations are
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elevated, better comprehension is gained, and their memorization is optimized (Koscinski et al.
2019).

Proper knowledge of embryology is important in clinical practice (Varga 2017).
Congenital anomalies or birth defects that are encountered in the practice require a thorough
understanding of embryology to provide optimal management. Understanding organogenesis
gives important clues to why anatomical variation occurs (Carlson 2002). The incidence of birth
defects varies depending on the intensity of screening; asking for screening is one of the reasons
the concerned patients consult their doctors.

Teratogenicity during fetal development is harmful. The doctors need to know the
normal embryology and the effects of teratogenic agents on fetuses in-utero during their
developmental process to help mothers conceive healthy offspring (Friedman 2010). Clinical
embryology is also important to understand assisted reproduction which deals with oocytes,
sperms, and embryos outside the body (Skory 2013). Embryological knowledge is also
beneficial for reparative and regenerative medicine, and also helps to understand certain
disorders like Hirschsprung disease (Slavikova et al. 2015).

The aim of this review is to identify the multimedia approaches in embryological
education. We compiled a list of all multimedia techniques to foster better understanding of
teaching and learning in embryology.

ANIMATION

Animation is an art that has been around for some time and is vastly improving in the last
century. Animation is a series of images or drawings that are arranged in a sequence or keyframe
that creates motion illusion (Pikkov 2010; Wells 2013). It has been associated with a range of
innovative forms and techniques, such as painting, scratching, hand-drawing, and computer
graphics (Harris, Husbands, and Taberham 2019).

The application of animation in medical education has flourished in recent years,
especially with the help of computer technology (Brown et al. 2020; Erolin 2019). A study
showed preliminary evidence of animation efficacy among medical students in emergency
medicine education (Zheng et al. 2017). Another study looked at the use of animation techniques
in biochemical process among fifty students which improved understanding and learning
interest (Joshi 2016). The development of animation used in embryology education among
medical students has taken place due to the dissatisfaction with the current teaching method
(Patel, Maleki, and Kulkarni 2018).

A study showed post-test scores of cardiovascular embryology animation, as in Figure
1, were significantly higher as compared to its pretest scores (Upson-Taboas, Montoya, and
O’Loughlin 2019). Yet another study investigated the use of 2D animation in an embryology
course to understand how different types of learners improve their learning in a regular
classroom environment (Narayanan and Ananthy 2018). These studies show that there is a lot
of room for research in the field of animation and embryology education.

During the third and fourth weeks of intrauterine development, the intricate event of
gastrulation and neurulation may be advantageous for animation. Because these procedures
entail several embryo folding, the animation would make the difficult or hidden aspect of the
process more visible to the audience. Furthermore, the consequences of the changes in embryo
development labeling will be easy to see. Embryology animations illustrating organ formation
and growth, such as the brain and spinal cord, are also beneficial.



Thus, a new opening for right-to-left shunting of blood appears before the
foramen pnmum disappears.

FIGURE 1. Examples of animation approach on human embryology learning. Development of cardiac chambers and septa is
shown to improve students’ knowledge scores.

ILLUSTRATION

A two-dimensional (2D) illustration somehow showed a better cognitive insight as compared to
3D (three-dimensional) which manifests 3D overload. Shapes and deformation of the embryonic
development from fertilization to birth, as in Figure 2, were visualized as teaching material to
the students (Kakusho et al. 2001). However, a few limitations were encountered by the students
especially to imagine the deformities and teratology effects from each part of the embryo.

A study showed a simple 2D delivery method enables the promotion of educational
learning and understanding but less effective for its learning outcome (Duenas and Lee 2018).
In this study, pre and post quiz for the 2D and 3D groups were analyzed; the 2D group preferred
the brighter colors and labelling whereas the 3D group a better dimensionality. However, both
groups showed a significant outcome on the quizzes values as compared to no illustration
delivery method.

There are few illustrations that show the findings of comprehensive embryological
research of midgut development. Until now, the perplexing spectrum of midgut "malrotations”
has been widely attributed to a "impaired” midgut rotation process. In general, the lack of
trustworthy pictures of these critical embryological events in most of the articles is a flaw. The
schematic representation of the rotation process might be a beneficial in animation. The reason
for this is that most descriptions of midgut embryology were written in order to better understand
the backdrop of malrotation pathophysiology rather than to describe midgut embryology.
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FIGURE 2. Examples of illustration approach on human embryology learning. From fertilization through birth, shapes and
embryonic development.

AUGMENTED REALITY (AR)

AR involves a camera and screen where digital models are merged or superimposed into the
real world. Screen refers to a screen of a digital device such as a smartphone or a tablet. The 3D
AR object, which allows user interaction such as rotation, zooming in, and out will encourage
and help the user to understand the structures from various angles, almost as real as holding an
actual embryology structure. This is most useful for students who struggle to visualize complex
anatomical structures from various angles (Brewer et al. 2012; Marsh, Giffin, and Lowrie Jr
2008).

A study showed AR Embryo Atlas, as in Figure 3, increased interest and enjoyment
subscale as well as value and usefulness in first-year psychobiology students in the University
of Amsterdam (Hillenius 2018). Although using AR modalities enhanced students’ engagement
and promotes higher participation, it did not increase their test scores (Moro et al. 2017). At
present, though feedback from students is very encouraging, students do not think AR should
replace traditional anatomy teaching completely, but rather as an adjuvant to existing practices
(Kugelmann et al. 2018).

Along with traditional resources, AR is a promising technique for enhanced learning and
memory of anatomical variances. AR could also be utilized in the classroom to teach
complicated anatomy subjects. As a result, the text's descriptive information is strongly linked
to supporting visual information, minimizing cognitive strain. In clinical practice, it could be
valuable for patient education as well as a more time- and cost-effective way of planning
complex surgical situations than existing 3D printing of models.



FIGURE 3. Examples of AR approach on human embryology learning. In first-year psychobiology students, AR boosted
interest and enjoyment subscales as well as value and utility.

VIRTUAL REALITY (VR)

Traditionally, the teaching of human embryology depends on textbooks and lectures, with the
addition of 2D images, models, and preserved human embryos. However, the new generation
of undergraduate students is comfortable to the use of information technology (IT) for
educational purposes. Therefore, the students’ perceptions towards the virtual reality (VR)
learning tool are a major determinant in utilizing the VR system to aid in understanding the
human embryo’s anatomical evolution.

A study showed that students who have had a previous VR experience have the benefits
in VR embryology course materials, as in Figure 4 (Moraes and Pereira 2010). In medicine, VR
technology expedites teaching and diagnostic activities such as surgical procedures, medical
therapy, preventive medicine, patient education, medical education and training, skill
enhancement and rehabilitation, visualization of massive medical databases, and architectural
design for healthcare facilities (Dimitropoulos, Manitsaris, and Mavridis 2008). VR teaching
methods assist students to explore the human body and create a 3D mental picture of human
body structures. The enhancement of VR interactive environment for embryology teaching aid
had improvised visualization, increased flexibility of the learning process, reduced time and
effort needed, and made learning enjoyable (Alfalah et al. 2019).

On the basis that it offers stereoscopic vision, viewer-centered perspective, large angle
of view, and interactively, VR technology was recommended to better visualization of three-
dimensional structures over traditional media. The development of male and female genitalia,
for example, is better visualized via VR since it shows the subtleties of gonadal development.



FIGURE 4. Examples of VR approach on human embryology learning. During the fourth week of embryonic life, the embryo
is in the early stages of development. The model can be rotated and zoomed in all directions to see it from multiple
perspectives and to visualize the 3D spatial layout of the structures.

MOVIES AND VIDEO

Several studies have documented the use of multimedia in the teaching of embryology
(Holterman et al. 1999; Moraes et al. 2017; Nieder and Nagy 2002; Yamada et al. 2006). In
vitro fertilization video was presented to first year medical students and the results were
significantly positive — the students gained more interest and showed improvement in
examination performance as shown in Figure 5 (Koscinski et al. 2019). A group of researchers
developed a movie animation of embryo development and developed a program that allows the
students to study human embryology in an engaging manner (Yamada et al. 2006). However,
the study did not evaluate the use of the program among medical students.

Another study demonstrated the use of materials developed from the multimedia stores,
which includes various videos, simulations, pictures, and previous clinical cases that provide
history related to human embryology in the hope to better appreciate the conditions related to
birth anomalies (Moraes and Pereira 2010). The students were assessed through behavioral
questionnaires, interviews, and examination; after following the teaching of embryology using
multimedia approaches, the students performed better in the examinations. Furthermore, this
study also concluded that by using multimedia, students were better able to integrate the
knowledge between the pre-clinical and clinical disciplines.

Human embryology is considered a difficult subject as students need to understand the
process, time, and duration of the development. Furthermore, the terms used in this subject are
notoriously tongue-twisters. As there are so many jargons and details to know, mere reading
will not be able to accommodate students’ need. Currently, the advancement of new
information technology, especially video, has given rise to significant changes in teaching
methods (McMillan 2001). The millennial generation is more familiar with digital devices than
books. Many digital applications are easily assessed for educational purposes. To increase



understanding, instead of the time-consuming reading sessions, this millennial preferred to
watch educational videos.

To adopt a more integrated approach to developing unified clusters of knowledge,
skills, and attitudes, various methods are required. One of these methods is using video clips
to supplement theoretical lectures (Mat Yudin et al. 2020). A study showed that higher marks
were scored by the students receiving video clip input during theoretical teaching instead of
full lecture (Pereira et al. 2004). The video clips apparently attract students’ attention and
encourage their understanding of complex anatomical connections and embryological
processes.

Ostensibly, many facilities are needed to be provided by the university to accommodate
proper teaching environment. This is one of the arguments against the use of video as part of
the teaching and learning method. Poor lighting, unstable Internet connection, security of
published material, possibility of virus attack, language barrier, and dubious quality of the
video itself may also affect the teaching delivery (Mudge 1999). Despite the aim to get more
understanding, students tend to lose focus and lecturers need to repeat the subjects using the
traditional way.

Movies and videos can be constructed to depict any type of movement such as limbs
development, by standardizing the initial image to the teacher's specific needs and projecting
the end-point image using a animation software. It will not optimize the memorizing of
embryology on its own because it delivers a large amount of knowledge in a short period of
time.
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FIGURE 4. Examples of movie and video approach on human embryology learning. The process of in vitro fertilization was
meticulously documented.



DISCUSSION

Embryology teaching and learning requires a certain amount of imagination since the formation
of the specific organs or structures are complicated. Medical students have a difficult time
studying embryology and grasping its importance. Students’ involvement has been
recommended to be improved by introducing peer-teaching approaches, condensing teaching
content, and enhancing clinical focus (Kazzazi and Bartlett 2017). Even though some topics are
straightforward, certain organ development requires a detailed imagination, hence multimedia
is helpful. For example, the process of gastrulation and neurulation during the third week of
intrauterine life requires the students to visualize the detailed steps. The use of VR technology
as a teaching aid would improve learning outcomes. VR appears to improve students’
comprehension and memory of the content, resulting in improved performance on the
assessment (Alfalah 2020).

Since it has sound and vision, the video demonstrates all the qualities of being
multimedia, as it satisfies the two channels for processing information described by earlier
research. This form of material offered the advantage of time flexibility and the ability to be
repeated at any moment (Universitario 2016). Some of the organogenesis requires a step-by-
step understanding. For example, the visualization of development of the heart and rotation of
the gut are important to understand the formation of each heart chamber and the intestine. The
visual sequences are vital in identifying their anomalies whenever the steps are inorganized.
Students’ motivation to study is increased when videos are shown in embryology classes, which
leads to higher comprehension. However, videos will not improve memorization on its own
because a video delivers a large amount of knowledge in a short period of time. Videos should
be linked to an explanatory educational tool for optimal teaching (Koscinski et al. 2019).

Embryology knowledge in the preclinical years is very useful during the clinical years
of medical students. New embryology teaching model that uses information technology should
be developed to increase students’ interest in learning, promote students’ active learning
capacity, and improve their learning effect (Chen and Hua 2017). Students can relate any
malformation diagnoses based on their embryology knowledge. Modern treatment and updated
equipment, for example in vitro fertilization, underlies the importance of embryology learning.

Some anatomy teachers are more occupied with gross and clinical anatomy which might
cause a lack of interest in embryology teaching. Less depth in embryology teaching, for example
molecular-associated development being omitted, reduces the question distributions during
examination. In certain curriculum, embryology is only compulsory in medical schools, making
it difficult for non-medical lecturers to teach this subject. The variety of techniques helps to
minimize boredom and maintain high levels of attention. Hence, a variety of pedagogic
multimedia tutorials, in addition to standard embryology lectures, are effective for long-term
memorization (Koscinski et al. 2019).

Students in human embryology class must understand the simultaneous changes in
embryos, but they often struggle to grasp the ideas and visualize the corresponding processes in
three dimensions. A multimedia approach proved effective in addressing a major issue with
many medical institutions' teaching methods: the lack of connection between basic sciences and
clinical specialties. The use of a multimedia method aided knowledge transmission and
dissemination while also allowing for the adoption of a new approach to embryology education.
This teaching method could be utilized elsewhere to improve undergraduate or postgraduate
education with certain modifications.



CONCLUSION

Knowledge in embryology, from fertilization to organogenesis, is important to medical students
and medical personnel. Studying the complex intrauterine human development is a tedious
learning process. A few innovations are being created to supplement the learning process which
has been summarized in Figure 1 to Figure 5. By these innovations, we believe that all medical
schools would achieve better learning outcomes especially in anatomy subject. Finally, the
multimedia approaches demonstrated that it was effective in both teaching and understanding
the complicated topic of human embryology. We can confidently state that the development of
this methodology aided students and instructors, via using multimedia software.
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