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ABSTRACT Objectives: The utility and reception of a self-explanatory, multimedia rich, e- learning computer applica-
tion as an alternative resource for teaching-learning in human embryology was evaluated. 

Methodology: After taking institutional ethics clearance and written informed consent, all first year medical undergradu-
ate students were included in the study. An e-learning computer application on  human embryology was prepared. A 
teaching faculty member was present during the e-learning session to assist in the learning process. The usefulness 
of this resource in embryology was assessed through Kirkpatrick’s four levels of evaluation model. The results were 
compared with interval assessment results from the previous batch of students who were taught embryology via the 
traditional method of didactic lectures.

Results: Questionnaire analysis:  98% of students strongly agreed that the e-learning module was extremely beneficial 
for learning embryology. The mean score favouring this method in comparison to traditional methods was 4.58 (±0.65) 
out of scale 5. Interval assessment results: There was a significant improvement in mean scores from first to third as-
sessment (from 3.7 to 5.88). Practical viva marks evaluating the students’ ability to identify key structures in the museum 
specimens and models showed improvement. Comparison with previous batch: The study group showed a statistically 
significant improvement in performance as compared to the previous batch which was taught via the traditional teaching 
learning methods. 

Conclusions: Student reception of assisted e-learning embryology program was excellent. It resulted in a better un-
derstanding and assimilation of embryology concepts as evidenced through theory and practical interval assessments. 
Though the process of preparing an e-learning module is laborious and time consuming, once prepared, the expert 
knowledge is captured for repeated use with subsequent batches. A multimedia rich e-learning program makes learning 
more interesting, interactive and immersive. Minor modifications in the e-program can be easily incorporated subse-
quently.

Introduction: 
Embryological basis of disease provides strong foundation 
of clinical knowledge.  Most medical students get exposed 
to detailed learning of human embryology in their first 
year of medical education. The aim of embryology curricu-
lum in medical education is to train medical graduates to 
understand the normal development of human body. This 
knowledge can be applied subsequently in clinical terms 
to understand the embryological basis of various devel-
opmental anomalies. Most medical colleges in India rely 
on the traditional teaching learning method of didactic 
lectures to impart education in embryology. The learning 
process in embryology is assessed by short answer ques-
tions in both interval and summative assessments. Practi-
cal evaluation of students includes identification of various 
models on embryology and a viva voce.  

However, the weightage given to embryology in summa-
tive assessments is relatively meagre, accounting for a pal-
try 5-7 % of the total marks in a theory exam. For such a 
less proportion of marks, a student has to go through vo-
luminous learning material in a very short period. Learning 
embryology adds to heavy burden of gross anatomy and 
histology. Most students end up learning just a few topics 
only with exam point of interest. Eventually, the entire ex-
ercise undermines the learning objectives.  

To address this issue, we evaluated a self-designed e- 
learning computer application as a study material for 
teaching-learning resource for human embryology. Similar 

computer assisted instructional material was evaluated by 
Foreman et al for teaching neuroanatomy and opined that 
if the study material is of proper design and students need 
additional resources, then such an e-learning program will 
be a prodigious teaching-learning method for medical 
undergraduates1. Computer assisted instructional mate-
rial for teaching gross anatomy is increasing2,3” A desire 
by students to look out for study material outside routine 
cadaveric dissections and the visual nature of these is cre-
ating an increasing need for such computer assisted ma-
terial. Assisted e-learning material has been implemented 
in many courses and is making a meaningful impact in 
learning patterns of current students4–11the education on 
PrUs is mainly based on traditional lecturing, seminars 
and face-to-face instruction, sometimes with the support 
of photographs of wounds being used as teaching mate-
rial. This traditional educational methodology suffers from 
some important limitations, which could affect the efficacy 
of the learning process. This current study has been de-
signed to introduce information and communication tech-
nologies (ICT. Such material is used to supplement existing 
traditional methods of dissections12, histology demonstra-
tions13,14 and neuroanatomy lectures1. Many instructional 
materials can be provided with e-learning.15–17. Prabably, 
the greatest advantage of e-learning  is that  it provides 
an opportunity for real-time learner interactivity18. Apart 
from this, the graphical and visual contents can be effec-
tively and efficiently delivered to user end via e-learning 
programs19. 
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Methodology: 
An assisted e-learning computer application emphasising 
all major and minor topics of undergraduate medical hu-
man embryology was designed and executed. The e-learn-
ing program was made with the help of a rapid authoring 
tool “knowledge presenter” version X. The executable ap-
plication can be used on desktop computers  or laptops 
with Microsoft Windows 7 & 8 operating systems.

(a) Software description: The software graphical user in-
terface screen (GUI) shows a large display area in the 
centre and navigation menu on the left side where 
chapter headings and subheadings are listed. Each 
topic in chapter has relevant key text highlighted on 
the right side of the display area with relevant dia-
grams and videos on the left side. In addition, each 
topic has audio narrations. Tool bar for audio controls 
are placed at the bottom. A learner can replay the top-
ic or navigate from each page. 

(b) Description of content: 
Text: Only key words and short sentences, most relevant 
to the topic under consideration are displayed. In a few 
slides, the most important text is made to blink to high-
light its importance. 

Illustrations: Relevant diagrams were created using com-
puter software like Microsoft paint, corel draw and adobe 
illustrator. Most diagrams were created in such a way that 
students could easily reproduce them. Unnecessary details 
and shades were avoided in all possible locations (Figure 
1)

(c) Audio narrations: The audio narration script was writ-
ten in simple english avoiding the complex jargon of vo-
cabulary. Short sentences were used in commentary. Audio 
recording was done by using Audiotechnica computer in-
terface device. Post recording processing was conducted 
on Audacity software. 

(d) Videos: A few videos were included in the application. 
They were designed and executed on Adobe Illustrator 
and Adobe Aftereffects CS6. Some videos on develop-
ment of pharyngeal arches were made on Microsoft Power 
point, version 2013. 

Figure 1: Screenshots of assisted e-learning program on 
embryology. 

(e) Lecture hand-outs: All classroom interactions were pre-
ceded by distribution of lecture hand-outs of approximate-
ly 3-6 pages per lesson. Handouts contained both text 
and diagrams. The same diagrams were also used in the 
e-learning program. 

The study was undertaken after institutional ethics commit-
tee clearance. All first year medical students consented for 
the study. Students were exposed to the e-learning study 
application from the beginning of first year of course. All 
embryology lecture classes were conducted using this ap-
plication. The lessons were projected on the screen using 
the computer projection system. Audio narrations were 
routed from the computer to the  amplifier in the lecture 
theatre. At-least one teaching faculty was present in the 

lecture theatre during the e-learning session to  assist the 
learning process by reinforcing the concepts under consid-
eration. Such sessions were held throughout the academic 
year. Traditional didactic lectures were completely done 
away with. 

The utility and effectiveness of the e-learning program was 
assessed through (a) feedback questionnaire (b) Interval as-
sessments (c) Practical viva marks. 

The questionnaire addressed issues of navigational ease, 
clarity of images and benefits of assisted e-learning and 
rating of this e-learning resource in comparison to tradi-
tional teaching methods. Ideas from previous researches 
were used to build up the feedback questionnaire17,20The 
results were compared to data from previous batch where 
students were taught embryology as per the traditional di-
dactic lectures.

All results were tabulated and statistically evaluated. The 
data in the form of marks obtained was expressed as 
mean values with standard deviations. Values from the pre-
sent batch (study group) and the previous batch (control 
group) were compared with the help of Students ‘t’ test. 
A p value of less than 0.05 was considered as significant. 

Results: 
All first year medical undergraduate students participated 
in the study and formed the study group. There were 62 
females and 38 males in the batch. The mean age of stu-
dents was 18.2 (±1.2) years. The students from the previ-
ous batch of I MBBS who were taught embryology via tra-
ditional teaching methods formed the control group.

Questionnaire results: 
Approximately 82% students opined that navigation in 
assisted e learning tool was easy; 79% students felt that 
drawings used in the e-learning application were clear; 
54% students felt that these drawings could be easily re-
producible in their notes and examinations.  92% students 
opined that language used throughout the program was 
clear and lucid. 72% of students felt that the e-learning 
resource was extremely helpful in understanding the com-
plex developmental processes in embryology. About 46% 
of students felt that it was very helpful in revision. An over-
all 98% students strongly agreed that the e-learning em-
bryology module was a highly innovative, interactive and 
useful method of learning embryology. About 64% stu-
dents opined that the computer based e-learning module 
was much better than traditional method of didactic lec-
tures.  The mean score favouring the e-learning resource 
in comparison to the traditional didactic lecture was 4.58 
(±0.65) out of scale 5 (table 1). 

Table 1: Questionnaire results. used to get level 1 reac-
tion from students (n=100)

Question
Strong-
ly disa-
gree

Strong-
ly 
agree

Mean scores 

(± SD) 
Diagrams used in the 
e-program are clear 1 5 4.36±0.94

Diagrams are easily 
reproducible 1 5 3.91±1.37

Navigation within e-
program is easy 1 5 3.22±1.4

Content and 
Language are user 
friendly.

1 5 4.41±0.98

E-program  helped to 
understand the con-
cepts in embryology

1 5 3.45±1.38
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E-program is benefi-
cial in revisomg con-
cepts in embryology

1 5 2.58±1.51

E-program is much 
better than traditional 
teaching learning 
methods.

1 5 4.580±0.65

 
Interval assessment results: 
All students attended the three interval assessments. In-
ternal assessment papers contained questions from Gross 
anatomy, histology and embryology. The internal assess-
ment paper was marked for 50 marks out of which 10 
marks were allotted for questions on embryology. Table 
2 shows compilation of results. There was a significant 
change in low performance students (60 in first and 14 in 
third assessments). In third assessment, 22 students scored 
more than eight marks. There was a significant improve-
ment in mean scores from first to third assessment (from 
3.7 to 5.88). 

Table 2: Performance of students in theory interval as-
sessments held at regular intervals throughout the year

Less than 
5 marks 
out of 10

5 to 8 
marks 
out of 
10

More than 
8 marks

Mean score ± 
SD (out of 10) 
(n=100)

Ist 
assess-
ment

60 34 6 3.7 ± 2.28

IInd 
assess-
ment

32 54 14 4.95±2.31

IIIrd

Assess-
ment

14 64 22 5.88±1.85

Practical viva marks evaluating students’ ability to iden-
tify key structures in the museum specimens and models 
showed improvement (Table 3). Students’ ability to recon-
struct the key concepts in embryology using clay in groups 
was well appreciated. 

Table 3: Performance of students in practical viva Ist, 
IInd and IIIrd interval assessments held at regular inter-
vals throughout the year

Less than 
5 marks 
out of 10

5 to 8 
marks 
out of 
10

More than 
8 marks 
out of 10

Mean score ± 
SD (out of 10) 
(n=100)

Ist 
assess-
ment

82 16 2 2.92 ± 2.05

IInd 
assess-
ment

45 53 2 4.1±1.86

IIIrd

Assess-
ment

36 58 6 6.74±1.42

Comparison with previous batch (study group vs control 
group): 
The previous batch of medical undergraduate students in-
cluded 58 females and 42 males. Their mean age was 18.5 
(±1.3) years. According to their performance students were 
divided into 3 groups – Group A had students securing 
less than 50 % marks (poor performers), Group B had stu-
dents who secured 50 to 65 % (average performers) and 
Group C had students who had secured more than 65 % 
marks (good performers). The scores of these groups were 
compared to similar groups in the present  batch (study 
group) (Table 4). There was a statistically significant im-
provement in scores of average performers category and 

good students category in present batch after imparting 
knowledge via the e-learning module. There was no differ-
ence in performance of poor students. On an overall basis, 
the class average of current batch was significantly higher 
than the previous batch (4.89 vs 4.32, p<0.05). 

Table 4.

Previous batch Student t test Current batch
 Mean ± SD = 
4.32±0.12 p value Mean ± SD = 

4.89±0.5
Gr A Gr B Gr C Gr A Gr B Gr C Gr A Gr B Gr C

Mean 0.76 5.47 6.72 0.32 0.00003 0.00001 1.2 5.88 7.6

SD 0.72 0.46 0.59 Not sig-
nificant

Signifi-
cant

Signifi-
cant 1.31 0.64 0.33

Twelve students proposed a few improvements to the ex-
isting e-learning resource in their feedback form. Students 
preferred animations over static pictures. Some sugges-
tions were  to have quiz at the end of each topic; to pro-
vide web links for further details at the end of topics; and 
provide clinical case examples for better correlation of ab-
normalities. 

Discussion: 
The reduction of time frame for I year MBBS course with-
out a corresponding reduction in the syllabus has resulted 
in a severe time constrain for the teaching faculty in com-
pleting the syllabus. This also translates into a very heavy 
academic burden for the students. Since weightage to 
embryology is meagre, most students usually study a few 
topics in embryology purely from an examination point of 
view. Very few students have a full grasp of embryology 
and its application in the clinical field.

Computer based teaching-learning methods are widely 
gaining acceptance all over the world. Today, students, re-
searchers, teaching faculty are increasingly making use of 
the tremendous advantages offered by e-learning to learn, 
teach and collaborate more effectively than ever before. 
The advent of rapid authoring tools like knowledge pre-
senter, Adobe articulate, Instructure, Blackboard etc have 
come to the rescue of instructors who are not familiar with 
computer programming knowledge. With a little basic 
training on these rapid authoring tools, most trainers can 
make professional looking, highly effective e-learning ma-
terial which can be deployed over the internet, intranet or 
delivered via a CD or DVD-ROM. E-lessons can be made 
very interactive by  judicious use of pictures, animations, 
audios and videos.  The wide availability of internet and 
abundance of handheld devices which can access internet 
has resulted in a highly conducive environment for interac-
tive and engaging e-learning. 

The present e-learning module was prepared with the help 
of a rapid authoring tool. The program was designed to 
provide concepts of embryology in a simple manner with 
plenty of illustrations and animations. The cognitive load 
was kept relatively low with the main effort directed to-
wards the key conceptual areas. Audio narrations were ex-
tensively used throughout the program. In addition to pro-
viding highly engaging and interactive content, the same 
module can be delivered to the students via a web based 
portal or via CD/DVD ROM. Such resources offer tremen-
dous advantages in terms of flexibility and availability. The 
modules can be accessed 24 X 7. Students can revise the 
topics at their own pace and time.
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In the present study, the utility and effectiveness of assist-
ed e-learning resource on embryology was conducted by 
Kirkpatrick’s four levels of evaluation model. 

At Level 1, the reactions were assessed by  feedback 
forms administered at the beginning and termination of 
the course. A large percentage of students found the e-
learning module highly innovating, interactive, engaging 
and more preferable to the traditional didactic lectures on 
embryology. As in most forms of e-learning, providing the 
content in the form of an e-lesson prior to a class can help 
free up more classroom time for interactive sessions with 
students.

At Level 2, learning process was assessed by series of 
three interval assessments along with other topics. Stu-
dents’ performance in embryology in these assessments 
were tabulated and compared with results from the previ-
ous batch which was taught embryology via the traditional 
didactic lectures. While the e-learning program did not 
help the poor performers in the study group, the average 
performers and good performers showed a statistically sig-
nificant improvement in performance when compared to 
students forming the control group. 

Level 3, behavioural changes were assessed by perfor-
mance of students in practical viva exam and by group 
activities. In group activities, students were asked to re-
construct key embryological concepts using clay models. 
Their ability to apply basic concepts in a 3 dimensional 
workspace was assessed. The three internal assessments 
showed a steady shift of significant numbers of students 
from the less than 50% marks group to upper groups, thus 
showing the benefit of the e-learning module in embryol-
ogy. 

Most of medical e-learning tool evaluation research con-
centrates on perceivable outcomes21–26all entering PT stu-
dents (n = 18. Foreman and David evaluated the design 
of a web-based computer assisted instructional tool for nu-
eroanatomy self-study1. Their evaluation showed that if the 
design of e-learning tool is not versatile and the content is 
not easily reproducible, a learner may not use such tools in 
his learning process. 

Transfer of knowledge is possible only if there is sufficient 
interaction between the learner with the interface or con-
tent27. In the e-learning program on embryology, there is 
constant learner/interface and learner/content interaction 
in every frame. A learner can opt for replay or proceed to 
next topic based on his level of understanding of the con-
cepts. 

The design of the present e-learning program on embryol-
ogy was conducted as per principles highlighted in Mayer’s 
Cognitive Theory of Multimedia Learning (i.e. Generative 
Theory)28. The content is presented in learner paced seg-
ments rather than continuous unit (segmentation principle). 
The Learning process is better from animation and narra-
tion than from animation and on-screen text (Modality prin-
ciple). On-screen text provided on right side panel in AEE 
matches audio narration played (Redundancy principle). 
Key words are presented both in text panel and in dia-
gram panel (Signalling principle).

Many factors influence student’s acceptance of an e-learn-
ing tool. First, its interface needs be simple, self-explana-
tory and interactive. Dubuis-Grieder studied what factors  

accentuated interest in a course and concluded that it is 
not always e-learning platform29 which makes the differ-
ence. Perception of use by students also is a factor which 
accentuates interest. The technology acceptance model 
(TAM) developed by Davis demonstrates that the adop-
tion of a technology by students based on the computer is 
explained by the perceived ease of use and the perceived 
usefulness30. We believe that there is perceived need for 
a better  teaching- learning resources on human embryol-
ogy. e-learning applications such as the one prepared dur-
ing this study address this need and provide an interactive, 
interesting and immersive learning experience for students.

Table 1: Questionnaire used to get level 1 reaction from 
students (n=100)

Question Strongly 
disagree

Strongly 
agree

Mean scores 

(± SD) 
Drawings used 
in the AEE tool 
are clear

1 2 3 4 5 4.36±0.94

Drawings can 
be drawn in 
your notes dur-
ing learning

1 2 3 4 5 3.91±1.37

AEE tool is 
easy to navi-
gate

1 2 3 4 5 3.22±1.4

Language and 
accent is un-
derstandable

1 2 3 4 5 4.41±0.98

AEE tool 
helped you to 
understand the 
concepts in 
embryology

1 2 3 4 5 3.45±1.38

AEE tool is 
beneficial to 
revise concepts 
in embryology

1 2 3 4 5 2.58±1.51

AEE tool is 
overall ben-
eficial  

1 2 3 4 5 4.05±0.64
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Rate AEE tool 
in comparison 
to traditional 
teaching meth-
ods

Much better 
than traditional 
methods

Somewhat 
better than 
traditional 
methods

Same as tradi-
tional methods

Worse than 
traditional 
methods

Much worse 
than traditional 
methods

4.580±0.65

Table 2: Performance of students in theory interval as-
sessments held at regular intervals throughout the 
year(n=100)

Less than 
5

5 to 
8

More than 
8

Mean score ± SD (out 
of 10)

Ist 60 34 6 3.7 ± 2.28

IInd 32 54 14 4.95±2.31

IIIrd 14 64 22 5.88±1.85

Table 3: Performance of students in practical viva inter-
val assessments held at regular intervals throughout the 
year(n=100)

Less than 
5

5 to 
8

More than 
8

Mean score ± SD (out 
of 10) 

Ist 82 16 2 2.92 ± 2.05

IInd 45 53 2 4.1 ± 1.86

IIIrd 36 58 6 6.74 ± 1.42

Table 4: Comparison of marks of previous batch and 
current batch students in embryology section in interval 
assessments(n=100 in both batches)

Previous batch Student t test Current batch
Mean ± SD = 
4.32±0.12 P value Mean ± SD = 

4.89±0.5
Poor Pass Good Poor Pass Good Poor Pass Good

Mean 0.76 5.47 6.72 0.32 0.00003 0.00001 1.2 5.88 7.6

SD 0.72 0.46 0.59 Not 
sig

signifi-
cant

Signifi-
cant 1.31 0.64 0.33
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