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o' OPEN ACCESS ABSTRACT
Background: Histology is traditionally taught using light microscopy; however,
Corresponding Author: advances in digital microscopy have introduced new opportunities to enhance

learning. Understanding students’ perceptions of these teaching methods is
essential for optimizing histology education. Objectives: To evaluate the
effectiveness of digital microscopy in histology teaching and to assess
undergraduate  MBBS students’ perceptions of conventional and digital
microscopy-based learning. Methods: A questionnaire-based cross-sectional study
was conducted among undergraduate MBBS students at a tertiary care teaching
institution. A total of 176 students who had exposure to both conventional light
microscopy and digital microscopy during histology practical sessions
participated. Students’ preferences and opinions were assessed using a structured
questionnaire. Data were analyzed using descriptive statistics and the chi-square
test, with p < 0.05 considered statistically significant. Results: Digital microscopy
was significantly preferred for identification of histological structures (73.3%),
ease of studying histology (60.2%), reduced time required for learning (80.1%)
and overall learning of histology (60.2%) (p < 0.05). No significant difference was
observed between digital and conventional microscopy with respect to clarity of
histological images and interest generation. A majority of students perceived
digital microscopy as useful for learning histology (93.8%) and improving
understanding (80.1%). However, most students (86.4%) favored using both
conventional and digital microscopy together and 86.9% opposed complete
elimination of conventional microscopy. Conclusion: Digital microscopy is an
effective adjunct to conventional light microscopy in undergraduate histology
teaching. A blended approach integrating both methods appears to provide the most
balanced and effective learning experience.
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INTRODUCTION

Histology is a core branch of anatomy that deals with the microscopic organization of tissues and plays a crucial role in
understanding normal structure, function and disease processes [1]. Along with cell biology, histology forms an integral
component of the undergraduate medical curriculum and is traditionally taught through laboratory-based practical sessions
during the early years of medical education [2]. Conventional histology teaching primarily relies on light microscopy,
where students individually examine glass slides to identify microscopic structures [3]. Although this method promotes
independent learning, students often find it difficult to interpret static microscopic images, correlate structures with
physiological concepts and achieve consistent learning outcomes due to variability in slides and limited real-time guidance
from instructors [4,5]. Additional challenges of traditional microscopy include restricted field of view, inability of teachers
and students to view slides simultaneously, operational difficulties and issues related to slide maintenance and storage [6].
Recent advances in medical education and digital imaging technologies have led to the introduction of digital microscopy
as an effective alternative or adjunct to conventional microscopy [7]. Digital microscopy employs whole-slide imaging
technology to digitize glass slides into high-resolution images that can be viewed on computer screens, allowing
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simultaneous access, uniform image quality and greater flexibility in learning [8,9]. Several studies have demonstrated that
digital microscopy enhances student engagement, improves understanding of histological concepts and supports self-
directed learning [10—12]. Despite its increasing global adoption, histology teaching in India continues to depend largely
on traditional microscopy, with limited incorporation of digital microscopy tools [13]. Integrating digital microscopy with
conventional teaching methods may help overcome existing limitations and improve students’ learning experiences. The
present study was undertaken to evaluate the effectiveness of digital microscopy in histology teaching and to assess
students’ perceptions of conventional and digital microscopy-based learning.

METHODOLOGY

Study design and setting: This questionnaire-based cross-sectional study was conducted in the Department of Anatomy,
Government Medical College (GMC), Aurangabad. The study was carried out among undergraduate MBBS students during
regular academic sessions.

Study participants: A total of 200 MBBS students were approached for participation in the study. Students from the first
professional MBBS to final professional MBBS who had been exposed to both conventional light microscopy and
digital/virtual microscopy during their histology practical sessions were included. Students who did not provide informed
consent were excluded from the study. Finally, responses from 176 students were included for analysis.

Teaching intervention: Digital microscopy was integrated into routine histology practical teaching in addition to
conventional light microscopy. Following completion of regular didactic lectures, histology slides were demonstrated using
live digital images projected during practical sessions. The digital images of histological sections were displayed using
microscope-mounted imaging systems and computer-based visualization software during small-group teaching.
Representative microscopic images were captured and important histological features were clearly labelled on the digital
images. These images were stored in standard image formats and made accessible to students through institutional
resources, enabling revision outside practical hours using personal computers or laptops in the hostel or at home.

Students were also encouraged to compare the digital images with conventional glass slides viewed under the light
microscope. As part of the learning activity, students were asked to identify structures and draw histological diagrams based
on observations made using both methods.

Study tool: A pre-validated, structured questionnaire was used to assess students’ perceptions regarding conventional
microscopy and digital microscopy. The questionnaire included items related to clarity of images, ease of learning,
identification of structures, time efficiency, interest generation and overall preference for learning histology. Additional
questions assessed students’ opinions on the usefulness and future role of digital microscopy in histology teaching.

Data collection: The questionnaire was administered after students had adequate exposure to both teaching methods.
Participation was voluntary and confidentiality of responses was ensured. Written informed consent was obtained from all
participants prior to data collection.

Statistical analysis: Data were entered into Microsoft Excel and analyzed using appropriate statistical software.
Categorical variables were expressed as frequencies and percentages. Preferences between conventional microscopy and
digital microscopy were compared using the chi-square test. A p value < 0.05 was considered statistically significant.

RESULTS
Out of 200 students approached, 176 students (88%) gave consent and participated in the study, while 24 students (12%)
did not participate.

Best method for learning histology slides
More than half of the students preferred digital microscopy for most aspects of learning histology.
e 53.4% of students felt that digital microscopy provided better clarity of histological images, while 46.6% preferred
conventional microscopy. This difference was not statistically significant.
e  For identifying histological structures, 73.3% of students preferred digital microscopy, compared to 26.7% who
preferred conventional microscopy, showing a statistically significant difference.
e 60.2% of students felt that digital microscopy was easier for studying histology, whereas 39.8% preferred
conventional microscopy, which was statistically significant.
e Regarding interest in studying histology slides, 53.4% preferred digital microscopy and 46.6% preferred
conventional microscopy; this difference was not statistically significant.
e A large majority, 80.1% of students, felt that digital microscopy allowed them to study slides in a shorter time,
while only 19.9% preferred conventional microscopy, showing a highly significant difference.
e Overall, 60.2% of students considered digital microscopy as the best method for studying histology, compared to
39.8% who preferred conventional microscopy and this difference was statistically significant.
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Students’ opinion about digital microscopy
Students expressed a strongly positive attitude towards digital microscopy.
e 93.8% of students felt that digital microscopy is useful for learning histology, while only 6.2% disagreed.
e 73.3% of students reported that digital microscopy increases interest in learning histology, whereas 26.7% did not
feel so.
e 80.1% of students believed that digital microscopy improves understanding of histology, while 19.9% did not.
e Only 13.1% of students felt that conventional microscopy should be completely eliminated, while 86.9% opposed
its complete removal.
e A large majority, 86.4% of students, felt that both conventional and digital microscopy should be used together,
whereas 13.6% did not support this idea.

In summary, most students preferred digital microscopy, especially for understanding histology and saving time. However,
conventional microscopy was not rejected and the majority of students (86.4%) supported using both methods together for

effective histology teaching.

Table 1: Students’ opinion about the best method of teaching histology slides (n = 176)

SL Question Conventional Digital ¥* value p value | Interpretation
No microscopy microscopy
N (%) N (%)
1 Best clarity of histological 82 (46.6%) 94 (53.4%) 0.82 0.36 Not significant
images
2 Useful in identification of 47 (26.7%) 129 (73.3%) 38.20 <0.001 Significant
structures
3 Easier for studying histology | 70 (39.8%) 106 (60.2%) 7.36 0.007 Significant
4 Creates interest in studying 82 (46.6%) 94 (53.4%) 0.82 0.36 Not significant
slides
5 Allows studying slides in 35 (19.9%) 141 (80.1%) 63.80 <0.001 Significant
shorter time
6 Best overall method for 70 (39.8%) 106 (60.2%) 7.36 0.007 Significant
studying histology
Table 2: Students’ opinion regarding digital microscopy (n = 176)
SI. No | Question Yes n (%) No n (%) y* value | p value | Interpretation
1 Digital microscopy is useful 165 (93.8%) 11 (6.2%) 134.6 <0.001 | Significant
in learning histology
2 Digital microscopy increases | 129 (73.3%) 47 (26.7%) | 38.20 <0.001 | Significant
interest in learning histology
3 Digital microscopy improves | 141 (80.1%) 35(19.9%) | 63.80 <0.001 | Significant
understanding of histology
4 Conventional microscopy 23 (13.1%) 153 (86.9%) | 96.10 <0.001 | Significant
should be totally eliminated
5 Both conventional and digital | 152 (86.4%) 24 (13.6%) | 92.80 <0.001 | Significant
microscopy should be used
DISCUSSION

In the present study, undergraduate MBBS students showed a clear preference for digital microscopy over conventional
light microscopy for identification of histological structures, ease of learning, time efficiency and overall learning of
histology. A large majority of students also perceived digital microscopy as useful and supportive of better understanding,
while opposing the complete elimination of conventional microscopy and favoring a blended teaching approach. These
findings indicate that digital microscopy enhances learning efficiency, but conventional microscopy continues to retain
educational relevance.

These findings are consistent with those reported by Kumar et al. (2019) [14], Rabha et al. (2025) [15] and Hande et al.
(2017) [9]. Kumar et al. demonstrated strong student preference and acceptance of digital microscopy, particularly for
clarity, ease of identification and time-saving advantages, while also highlighting widespread support for combined use of
digital and conventional methods. Performance-based evidence from Rabha et al. further supports the present findings,
showing significantly higher MCQ and OSPE scores among students trained using virtual microscopy, suggesting that
positive perceptions are accompanied by measurable academic gains. Similarly, Hande et al. reported the highest learning
outcomes when digital and conventional microscopy were used together, reinforcing the educational benefit of an integrated
approach.
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The lack of a significant difference between digital and conventional microscopy for image clarity and interest generation
in the present study suggests that traditional microscopy still provides adequate visual quality and engagement for some
learners. However, the consistent preference for digital microscopy in efficiency-related domains reflects its ability to
reduce technical difficulties and allow students to focus on conceptual understanding. Overall, the present study supports
the integration of digital microscopy into routine histology teaching, not as a replacement, but as a complementary tool
that enhances learning outcomes when used alongside conventional microscopy.

CONCLUSION

The present study demonstrates that digital microscopy is a valuable and effective adjunct to conventional light microscopy
in undergraduate histology teaching. Most students preferred digital microscopy for identification of microscopic
structures, ease of learning and time efficiency, while also acknowledging the continued importance of conventional
microscopy for developing practical skills. The findings suggest that digital microscopy enhances students’ understanding
and engagement without diminishing the educational relevance of traditional methods. A blended approach that integrates
digital microscopy with conventional light microscopy appears to offer the most balanced and effective strategy for
histology education in undergraduate medical training.

LIMITATIONS

Despite its strengths, the present study has certain limitations. The study was conducted at a single institution, which may
limit the generalizability of the findings to other settings. Student perceptions were assessed using a questionnaire and
subjective responses may be influenced by individual preferences and prior exposure to digital tools. Objective measures
of learning outcomes, such as pre- and post-intervention performance assessments, were not included, which restricts
conclusions regarding direct academic impact. Additionally, long-term retention of histological knowledge and skill
acquisition was not evaluated. Future multicentric studies incorporating objective performance measures and longitudinal
follow-up would provide stronger evidence regarding the educational effectiveness of digital microscopy.

REFERENCES

1. Bennet HS. The role of histology in medical education and biological thinking. Anat Rec. 1956;125:327-354.

2. Amin NF, Shamim KM. Trends in the presentation of cell biology and histology in contemporary histology books.
Bangabandhu Sheikh Mujib Med Univ J. 2012;5:46-54.

3. Bloodgood RA, Ogilvie RW. Trends in histology laboratory teaching in United States medical schools. Anat Rec.
2006;289:169-175.

4. Brisbourne MA, Chin SS, Melnyk E, Begg DA. Using web-based animations to teach histology. Anat Rec.
2002;269:11-19.

5. Hussein IH, Raad M, Safa R, Jurjus RA, Jurjus AR. Once upon a microscopic slide: the story of histology. J Cytol
Histol. 2015;6:377-378.

6. McCready ZR, Jham BC. Dental students’ perceptions of the use of digital microscopy. J Dent Educ.
2013;77:1624-1628.

7. Dee FR, Meyerholz DK. Teaching medical pathology in the twenty-first century: virtual microscopy applications.
J Vet Med Educ. 2007;34:431-436.

8. Lundin M, Lundin J, Isola J. Virtual microscopy. J Clin Pathol. 2004;57:1250-1251.

9. Hande AH, Lohe VK, Chaudhary MS, Gawande MN, Patil SK, Zade PR. Impact of virtual microscopy with
conventional microscopy on student learning in dental histology. Dent Res J. 2017;14:111-116.

10. Simok AA, Hadie SNH, Manan HA, Bahri Yusoff MS, Noor NFM, Asari MA, Kasim F. The impact of virtual
microscopy on intrinsic motivation. Educ Med J. 2019;11:47-59.

11. Kumar RK, Velan GM. Learning across disciplines using virtual microscopy. J Clin Pathol. 2010;4:42—44.

12. Chang JY, Lin TC, Wang LH, Cheng FC, Chiang CP. Comparison of virtual microscopy and real microscopy for
learning oral pathology. J Dent Sci. 2021;16:840-845.

13. Biswas S, Sharma S, Chakraborty S. Students’ perception of present teaching method of histology: a study from
eastern India. Nat/ J Integr Res Med. 2017;8:61-65.

14. Kumar K, Hallikeri K, Hegde V. Evaluation of use of digital method in studying histology and pathology among
undergraduate students of dentistry. Indian J Dent Educ. 2019;12(1):1-6. doi:10.21088/ijde.0974.6099.12119.1

15. Rabha B, Biswas KK, Sarangsa HC. The impact of traditional and virtual microscopy on students' learning of
histology: a comparative study. Cureus. 2025;17(7):e87668. doi:10.7759/cureus.87668.

Dr. Archana Kalyankar et al. Effectiveness of Conventional Versus Projection Microscopy in Teaching Histology to 1510
Medical Students. Int. J Med. Pharm. Res., 7(4): 1507-1510, 2026



