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Introduction  

Virtual or e-learning is a platform where students can 

perform a wide range of exercises with a help of a 

computer-based environment (1). Moreover, several 

reports state that a combination of traditional and 

electronic teaching methods improve the overall 

outcome of student learning (2). Virtual microscopy and 

interactive online resources which are the e-learning 

tools can induce competency, confidence and 

satisfaction among the students (2). E-learning with its 

new innovations has brought about a revolution in 

education by allowing individualised or adaptive 

learning while at the same time enhancing collaborative 

learning hence transforming the role of the teachers (3). 

Various researchers have recorded that the 

implementation of e-learning in medical schools is also 

on the rise as it represents most of the educational models 

applied to improve teaching and learning (3-6). The 

adoption of virtual microscopy has created a real-world 
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Background & Objective: The Epidemic Act invoked during COVID-19 pandemic restricted 

the use of traditional methods of face-to-face teaching and learning and entailed a drastic 

transition of teaching histology by the time-tested traditional mode in the laboratory to that on 

a virtual platform. Implementation of this virtual platform as the teaching methodology in 

histology which evolved as a result of the pandemic can now be continued as an important new 

teaching-learning modality even after COVID-19 restrictions have been lifted. Hence, this 

article explores the effect of the use of appropriate technology on students for teaching and 

learning. 
 
Materials & Methods: The study undertaken at Department of Anatomy, Goa Medical College 

employed a non-interventional (cross-sectional) design. First year medical students 

participating in the online histology sessions were subjects in this study (n=144). The data 

collected comprised of perceptions regarding the new teaching-learning study tool which were 

recorded as a self-administered questionnaire imparted to them through a Google form. The 

responses were analyzed using chi-square test and p-values were obtained using SPSS. 
 
Results: Results indicated that virtual teaching provided the students with accessibility, 

flexibility, additional data and better retention of concepts. But the students ultimately were of 

the opinion that virtual teaching followed by laboratory teaching was the most preferred 

approach to learning. This preference of the integrated approach used in this study as compared 

to traditional classroom teaching was confirmed and found to be statistically significant as the 

p- value was 0.001<0.05. 
 
Conclusion: While the study aims to evaluate the efficacy of the newly implemented integrated 

method as a preferred tool in current day teaching-learning versus the traditional teaching 

method, it also highlights the potential grey areas faced by the students using this virtual 

learning environment. 
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laboratory for exploring ways of reforming the learning 

environment (7, 8). 

 A holistic approach of teaching histology to 

undergraduate medical students had never been adopted 

in the Department of Anatomy, Goa Medical College. 

Prior to the COVID-19 pandemic, the traditional method 

of teaching histology involved delivering a didactic 

lecture which was followed by small group teaching of 

the histology practical wherein the slide under study was 

viewed through a microscope. A simplified diagram was 

then made available through a chart that was reproduced 

in the student’s histology journal. The entire exercise of 

completing a single system in histology took 

approximately two weeks, given that the student strength 

is 180.  

The disruption of on-campus classes due to the ongoing 

COVID-19 pandemic resulted in a drastic transition of 

teaching histology from the traditional to the virtual 

platform mode, so as to ensure completion of the pending 

syllabus. This transition saw a holistic approach in 

teaching undergraduate histology. The present study 

aimed to evaluate the perception of effectiveness of the 

integrated teaching trend as an efficient, cost-effective 

and more approachable tool for learning as compared to 

conventional/traditional teaching and the possibility of 

continuing it post COVID-19. 

 

 

 

Materials & Methods 
 

Design and setting(s) 

This cross-sectional study was conducted by the 

Department of Anatomy, Goa Medical College, 

Bambolim, Goa–India. The COVID-19 lockdown 

implemented from late March 2020 resulted in cessation 

of classes in the physical mode. The content of this study 

included the second semester histology portion and 

utilized the Cisco Webex platform made available by the 

Institution for conducting online classes. 
 

Participants and sampling  

Of the 180 first year medical students, (Academic year 

2019-2020), a total of 144 participated in the online 

histology sessions were subjects in this study and formed 

the inclusion criteria for the study and participation was 

entirely voluntary and confidential. They were offered a 

self-administered questionnaire made available through 

Google Forms. Thus, the exclusion criteria were students 

who did not submit the self-administered questionnaire 

which consisted of four sub titles; preview, accessibility, 

teaching and learning to which the responses were 

mainly dichotomous. An implied consent was collected 

from the participants and responses were coded to 

prevent identity of participants from being revealed. The 

participants were in the age group of 17-18 years and of 

varying ethnicity and socio-economic status. 

The response rate was calculated by dividing the total 

number of responses by the number of total 

questionnaires sent to all the students of the batch 

(sample size). This was then multiplied by 100 to get the 

response rate of 80% (Figure 1). 

Figure 1. Flow Chart of the study  

 

Tools/Instruments  

On completion of the 4 sessions, a single subjective self-

administered questionnaire comprising of 22 questions 

was made available through Google Forms. The consent 

of the participants was recorded in the Google Form and 

the students were assured of the confidentiality of their 
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personal information. The questions in the questionnaire 

were classified under the following four domains: 

Preview, Accessibility, Teaching and Learning. The 

responses were recorded mainly in Yes /No format 

(Table 1). 

 

Table 1. Questionnaire submitted to the first-year medical students (Batch 2019-2020) 

Sr. No. Item Response 

1 Preview 
A) Did you read before the class? Yes/No 

B) Was the time schedule convenient? Yes/No 

2 Accessibility 
A) Were you able to access the content smoothly? Yes/No /Sometimes 

B) Was the content audible? Yes/No /Sometimes 

3 Teaching 

A) Would you prefer didactic lecture followed by the routine histology practical? Yes/No 

B) Is virtual slide microscopy better for orientation and understanding of histology 

slides then traditional method? 

Yes/No 

 

C) Is this integrated approach providing a holistic picture of the subject under study? Yes/No 

D) Was the duration/time allotted enough to understand the concept in virtual 

teaching? 
Yes/No 

E) Is the uniformity of teaching enhanced as only one teacher is involved in teaching 

the entire class a topic as compared to divided batches in traditional teaching? 
Yes/No 

F) Is virtual teaching an effective method to learn and practice histology diagrams? Yes/No 

G) Does virtual summarizing/quizzes/MCQs stimulate and motivate you better than 

traditional method? 
Yes/No 

H) Will virtual teaching method enhance your performance at the histology Viva? Yes/No 

3 Learning 

A) Were the learning resources like slide image, slide description and discussion 

appropriate and adequate in understanding the topic? 
Yes/No 

B) Did virtual teaching improve the level of participation and engagement in the 

learning process as compared to the traditional histology lecture and practical? 
Yes/No 

C) Did you like the “anytime, anywhere” learning method? Yes/No 

D) Will virtual teaching help you learn histology slides without the need to visit the 

histology lab or if absent for histology practical? 
Yes/No 

E)  Will virtual teaching enhance the quality of diagrams in the histology journals? Yes/No 

F) Would virtual teaching boost your confident during Viva? Yes/No 

G) Will this approach of virtual teaching enhance retention of concepts? Yes/No 

H) Is virtual teaching a cost-effective learning method? Yes/No 

I) Did virtual teaching improve your understanding of basic concepts? Yes/No 

J) Did you learn any useful additional information by virtual teaching? Yes/No 

 

Data collection methods  

This study comprised of four separate online morning 

sessions of one-hour duration each over a period of ten 

weeks, between August 2020 and October 2020. In each 

session the content was structured as follows: A 

theoretical session replete with diagrams explained the 

highlights of the tissue under study. This was reinforced 

by photomicrographs of the same from diFiore’s Atlas of 

Histology with Functional Correlations (9). An 

interactive session with the students was held to address 

any queries. Next, photomicrographs of the various 

slides available in the department were taken with a 64 

Megapixel camera (Samsung M 31 Quad camera) under 

low power (10X) and an overview of the topic was 

explained to the students. This was followed by a 

detailed explanation of the individual components under 

high power (45X). A schematic histology diagram hand-

drawn by the department’s artist showing the salient 

features of the slide was then exhibited and the students 

were encouraged to practice the same for replication in 

their histology journals. The procedure was repeated for 

each slide and the session ended with a virtual quiz. The 

student’s responses to the quiz were received in the chat 

box and an immediate feedback (correct response) was 

given by the teacher. 
 

Data analysis  

The responses were analysed using the chi-square test 

and p-value was obtained between the following 

variables: a) use of virtual slide microscopy compared to 

traditional method versus integrated approach providing 

a holistic picture of the subject, b) preference of the 

“anytime anywhere” learning method along with its cost 

effectiveness compared to the traditional classroom 

teaching and c) enhanced retention of concepts using 

virtual teaching approach and understanding of basic 

concepts. 
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Results 
 

Preview 

The academic curriculum details the list of lectures and 

practical for any academic course, so that students are 

aware of the classes scheduled for them. It was observed 

that 58 students (40%) prepared for the class by reading 

the topic, while 86 students (60%) did not (Figure 2A). 

While the scheduled time of a morning slot was 

convenient for 119 students (83%) as against 25 students 

(17%) who found the time inconvenient (Figure 2B).  

 

 
Figure 2. A. Student’s preparation before the class: (40%-Prepared; 60%-Not prepared)  

B. Convenience of the time schedule: (83%-Convenient; 17%-Not convenient) 

 

Accessibility 

Noted in this study was that a total of 67 students (47%) 

were able to access the online content smoothly at all 

times, while 62 students (43%) accessed the content 

smoothly but with intermittent connectivity issues and 

the remaining 15 students (10%) were unable to access 

the content smoothly throughout the one-hour session 

(Figure 3A). Ninety-six students (67%) reported that the 

complete content was clearly audible to them throughout 

the sessions while 46 students (32%) had intermittent 

difficulty in hearing the sessions and to 2 students (1%), 

the content was inaudible (Figure 3B). 
 

 

Figure 3. Accessibility to the online lecture  

A. Smooth access of the content  

B. Audibility of content: Yes (peach), No (brown), Sometimes (orange). 
 

Teaching 

Teaching using the didactic lecture followed by the 

routine histology practical was preferred by 124 students 

(86%) (Figure 4A). In this study, sixty students (47%) 

considered virtual slide microscopy better for orientation 

and understanding of histology slides than traditional 

method (Figure 4B).  We observed that 108 students 

(75%) in contrast with 36 students (25%) stated that an 

integrated approach provides a holistic picture of the 

histology topic under study (Figure 4C). As reflected in 

the questionnaire, 109 students (76%) agreed that the 

duration/time allotted to understand the concept in 
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virtual teaching was adequate and the topic was 

adequately covered in the allotted time frame (Figure 

4D). In this study, 124 students (86%) (Figure 4E) felt 

that the uniformity of teaching was enhanced as only one 

teacher was involved in teaching the same topic to the 

entire class as compared to the smaller batches taught by 

different teachers in the otherwise traditional method. 

This study also recorded that 50% of students agreed that 

virtual teaching is an effective method to learn and 

practice histology diagrams as against 50% who 

disagreed on the same (Figure 4F). Further in our study 

the online multiple-choice questions and virtual quizzes 

conducted, motivated 111 students (77%) (Figure 4G) 

and 50% students in this study felt that virtual teaching 

method would enhance their performance at the 

histology viva (Figure 4H).  

 
Figure 4. Student’s response to online teaching methods: Yes (black), No (blue) 

 

Statistical analysis inferred that, there was no significant 

difference (p-value = 0.215 > 0.05) in preference for 

didactic lecture followed by routine histological practice. 

However, the students preferred the integrated approach 

used in this study as it provided them with a holistic 

overview, this result was statistically significant at p-

value = 0.001< 0.05. 
 

Learning 

In this study, 116 students (81%) found that the learning 

resources like slide image, slide description and 

discussion were appropriate and adequate in 

understanding the topic (Figure 5A). Our observations 

revealed that virtual teaching improved the level of 

participation and engagement in the learning process in 

50% of the participants as compared to the traditional 

histology lecture and practical (Figure 5B).  As recorded 

in this study, 106 students (74%) liked the “anytime, 

anywhere” learning method as against 38 students (26%) 

(Figure 5C), while 87 students (60%) felt that there was 

still a need to view the histology slides in the histology 

lab even after the virtual teaching session (Figure 5D).  

 
Figure 5. Students response to online learning methods; Yes (blue), No (dark orange) 
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This study indicated that virtual teaching would not 

enhance the quality of diagrams in the histology journals 

as reported by 78 students (54%) while 66 students 

(46%) thought that virtual teaching would enhance the 

quality of diagrams in their histology journals (Figure 

5E). Similarly, 89 students (62%) in our study disagreed 

and only 55 students (38%) (Figure 5F) were of the 

opinion that virtual teaching would boost their 

confidence during the formative and summative viva; 88 

students (61%) reported that this approach of virtual 

teaching would enhance retention of concepts (Figure 

5G); ninety-six students (67%) (Figure 5H) strongly felt 

that virtual teaching can be a cost-effective learning 

method as it decreases commuting and other expenses 

required to attend in-person classes. Further as per our 

study, 109 students (76%) of students were of the opinion 

that understanding of basic concepts was improved by 

virtual teaching, while 35 students (24%) felt that virtual 

teaching was not of any help (Figure 5I). From this study 

it was learnt that 98 students (68%) found virtual 

teaching useful in providing additional information on 

the topic as compared to 46 students (32%) who 

disagreed (Figure 5J). Not only did the students prefer 

the “anytime anywhere” learning method but they also 

found it cost effective as it cut down on commuting time 

and cost. The p-value =0.0000340 < 0.05 was highly 

significant.  

A highly significant p-value = 0.0006 x 10-11< 0.05 was 

also obtained which clearly confirmed that virtual 

teaching not only improved the understanding of basic 

concepts but also enhanced retention of the same. 

Discussion 
During traditional teaching, students generally utilize all 

their time in class taking notes without paying much 

attention to the content, leading to accumulation of 

irrelevant matter that is difficult to understand. 

According to Sickler (10), such a situation leads to 

frustration, anxiety and high levels of stress. In order to 

avoid this, the students must recognize the significance 

of pre-reading before the class unlike that reported in this 

study. Pre-reading implies a state of preparedness before 

learning takes place, while trying to integrate new 

learning material with previous knowledge (11). The 

willingness to learn is demonstrated by the fact the 

student reads before the class and it is one of the nine 

secrets of learning (12). According to Ausubel, et al. 

(13), the single most important factor influencing 

learning is what the learner already knows and this 

enhances the overall effectiveness of the topic. Yet 

another aspect of learning is subsumption wherein new 

material is related to relevant ideas in the existing 

cognitive structures (14). Pre-reading helps students 

connect lecture content with prior knowledge and 

integrates new concepts of a lecture into meaningful 

generative learning (15-17). In contrast, Qiao & Zhao 

(18) stated that the learning effect results from the 

student’s prior knowledge in the field and was unrelated 

to the pre-reading strategy. 

Rajashree et al. (19) and Yeung et al. (20) in their 

research articles, highlighted the importance of internet 

connectivity for the success of e-learning, while, 

according to Dhir et al. (21) high speed internet 

connection is required to ensure proper downloading. In 

another research study conducted by Lightner & Olson 

(22), students expressed concern that there were cases of 

disrupted video or audio connections and some students 

explicitly identified technical problems as being a 

difficulty unlike that reported in this study wherein 67% 

reported complete audibility of the course content. The 

students preferred didactic lecture teaching followed by 

routine practical and many considered the virtual slide 

microscopy better for understanding concepts. This is in 

keeping with the research conducted by various authors 

who also reported that both theory and practical go hand 

in hand in the learning process (23-28). This is similar to 

a study conducted by Abdollahi et al. (29) who indicated 

that virtual slide microscopy is as effective as 

conventional method. Our results are also in agreement 

with that reported by Chakraborty et al. (30) while 

disagreed with Al-Neklawy (31), who believed that the 

traditional didactic lecture cannot provide adequate time 

for deeper learning activities as compared to virtual 

teaching. The students through the questionnaire also 

confirmed the findings of Dhir et al. (21) who 

highlighted that uniformity in virtual teaching is 

maintained since identical information is made available 

to all the participants. This also concurred with the 

findings of Al-Shorbaji et al. (6) and Hadley et al. (32) 

who reported that in virtual teaching, equal availability 

of quality and quantity of information dispersed helps in 

the uniform attainment of learning objectives. 

Our study also recorded that majority of the students 

agreed that virtual teaching is an effective method to 

learn and practice histology, as against Das et al. (33) 

who stated that the preferred way was drawing the 

diagram after seeing the slide focused under the 

microscope. The students in this study also revealed that 

online histology teaching could be used as a motivational 

tool which would eventually enhance their performance 
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at the routine histology viva. This corroborated with the 

findings of Chakraborty et al. (30) who stated that deep 

learning, retention of knowledge, developing dissection 

skills, and confidence building were enhanced while 

utilizing e-learning tools. Ayman & Foad (34) in their 

research compared students who were taught using 

conventional light microscopy versus those who were 

taught with virtual microscopy and found that the 

students in the latter group performed better in both 

practical and written exams. 

Similar to the findings from this study that learning 

resources like slide image, description and discussion 

were appropriate and adequate in understanding the 

topic, Lichnovská et al. (35) revealed that virtual 

histology slides would give a better resolution and image 

quality to the photomicrograph making it a user-friendly 

and more efficient educational tool for students. Virtual 

teaching engages the student through different activities 

like observation, listening, reading, thinking, acting and 

doing as stated by Mahajan (36). Thus, it caters to a wide 

range of learning styles as compared to traditional 

learning methods. The students become more actively 

involved as learners in virtual teaching as they are not 

only gathering information but are also taking an active 

part in the learning process through an interactive session 

as also reported by Stanley & Edwards (37) in many 

cohorts. Stonebreaker & Hazeltine (38) described virtual 

learning as the delivery of learning through electronic 

media that reduces the gap when the instructor and the 

learner are separated in either time or place. Virtual 

learning environments allow the students to learn 

without physically attending the classes and give the 

students flexibility to manage their time more effectively 

(36,39). Our study also showed that students preferred 

the anytime anywhere learning method. Even though 

Abdollahi et al. (29) reported that students benefit from 

virtual class regardless of the availability of laboratory 

and physical atmosphere, this was not in keeping with 

the findings in our study. 

Maki et al. (40) in his study reported that the pros of 

virtual learning environments included improvement in 

the learners’ achievements. However, majority of the 

students in our study disagreed and very few were of the 

opinion that virtual teaching would boost their 

confidence during the formative and summative viva. 

According to Mahajan (36), conceptualization facilitates 

understanding, recall, integration and application of 

knowledge. This also corroborates with the results of this 

study wherein students have reported that this approach 

of virtual teaching would enhance retention of concepts. 

More than half of the students who participated in this 

questionnaire agreed with reports by Fedynich (41) and 

Yilmaz (42) that virtual teaching can be a cost-effective 

learning method as it decreases commuting and other 

expenses required to attend in-person classes.  

A study conducted by Henning & Schnur (43) comparing 

groups of traditional learning system and a virtual 

learning environment group in medical education found 

that the knowledge gained by virtual teaching is twice as 

great for the e-learning group than for the traditional 

learners. While, Juliani et al. (44) reported that students 

gained more knowledge, better skills and felt more 

satisfied by understanding the topic better, due to 

increased interaction with the other students, easy 

accessibility and flexibility.  

However, the findings of our study revealed that students 

found virtual teaching useful in providing only additional 

information on the subject and this corroborated in a 

study by Chakraborty et al. (30), who also felt that 

Anatomy tools for e-learning contributed to basic 

concept building. 

The self-designed integrated virtual teaching, learning 

method adopted in this study was based and implemented 

on the learning resources available in the institute. Data 

from other anatomy topics which were also taught via 

virtual methods were not considered. The questionnaire 

entailed mainly dichotomous responses and the data 

collection tool used in the study was not validated for its 

reliability and validity which is a limitation of the study. 

Also, the study was not applied to first year dental, 

nursing and allied health science courses. 

Conclusion 

In conclusion, majority of the students were of the 

opinion that the virtual holistic approach enhanced both 

the uniformity of teaching and deeper understanding of 

the subject. The cost effective, anytime-anywhere 

facility provided them with useful additional data and 

improved retention of concepts, while the virtual quizzes 

motivated learning. However, in the student’s opinion, 

virtual teaching followed by a hands-on laboratory 

session was the preferred approach to learning as this 

helped in boosting their confidence to answer exams and 

viva voce. Even though the pandemic did entail a new 

direction of teaching and definitely changed the whole 

modality of undergraduate teaching-learning concepts, 

this hybrid model could be the preferred tool in current 

day teaching-learning. 
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