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ABSTRACT

Background Problems: Histology is a critical component of the sports science curriculum, as it thoroughly
explains the connection between the structure and function of cells, tissues, and organs. Research Objective: This
study investigates the improvement of histology learning among sports science students by employing a functional
approach and practical sessions with virtual microscopy. Methods: The study adopted a quasi-experimental design
with 103 students from the Sports Science program, enrolled in a histology course with two parallel classes. The
students were divided into experimental (n = 56) and control groups (n = 46) using cluster random sampling based
on their classes. The experimental group received instruction using virtual microscopy, while the control group
was taught using light microscopy throughout the semester. Both groups were assessed on their learning outcomes
at the end of the semester through a written exam. Experimental group students also provided feedback on the
courses. Using the independent t-test, the learning outcomes were compared between groups. Students’ feedback
was analysed descriptively. Findings and Results: The results revealed that the average test scores for participants
in the experimental group were significantly higher than those in the control group (74.9 = 7.8 and 68.9 + 9.6,
respectively). Student feedback indicated that the majority concurred that the functional approach to histology
teaching enhanced their understanding of histological structures. They also noted that practical virtual microscopy
sessions improved their comprehension of the topics studied. Additionally, nervous tissue was identified as the
most challenging tissue to learn, primarily due to visualisation difficulties in relating microscopic and macroscopic
structures and the abundance of new terminology to remember. Conclusion: The findings suggest that combining
a functional approach with virtual microscopy notably enhances the quality of histology education, equipping
sports science students with a comprehensive understanding and essential practical skills for their academic and
professional development.
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INTRODUCTION

Histology, the study of the microscopic structure of tissues and organs, offers crucial insights into their
functions and interactions within the body (Cotter & Loda, 2017; Lu et al., 2016; Mescher, 2018). Microscopy
was and still is an essential approach for the description of cellular components and their arrangements in
living organisms (Hortsch, 2023). In the context of sports science, histology plays a vital role in providing a
foundation for understanding both normal tissue structures and their pathological changes (Gurina & Simms,
2024; Hussein & Raad, 2015), particularly to exercise, training, and injury (Al Khader et al., 2020; Hortsch,
2023), and serves as a fundamental discipline that bridges the gap between macroscopic physical performance
and microscopic tissue function (Chapman et al., 2020). Most importantly, an understanding of tissue
structures, their normal functions, and their responses to injury, histology equips future sports scientists and
practitioners to make informed decisions that optimise athlete health, performance, and overall well-being.

The study of histology, however, presents notable challenges for sports science students due to its intricate
and detailed nature, which demands a deep understanding of the microscopic structures of tissues and organs
(Chapman et al., 2020). One of the main difficulties lies in accurately identifying and distinguishing various
cell types and tissues under a microscope. In addition, sports science students often have difficulties
understanding complex technical terminology and biological processes. Franklin and Foa (2011) reported that
many students feel overwhelmed by the vast amount of material they need to learn within a limited timeframe,
which often leads to stress and mental fatigue (Barbayannis et al., 2022). Therefore, effective learning
strategies and strong support from instructors are essential to help students overcome these challenges and
succeed in histology (Woodward & McLernon-Billows, 2018).

A functional approach to histology involves linking microscopic structures to their physiological functions
in the body. This method helps students understand not only the appearance of cells and tissues but also their
roles and interactions in various physiological processes (Cotter & Loda, 2017). By integrating functional
insights, students can contextualise histological features within broader biological systems, facilitating easier
retention and application of their knowledge (Meyer, 2023). For instance, understanding how the structure of
muscle tissue supports its function in contraction and movement provides a more comprehensive grasp
compared to simple memorisation of slides (Biga et al., 2019). For sports science students, this means
understanding muscle fibre adaptation to training, bone support in movement, and connective tissue responses
to stress and injury. Emphasising these aspects helps students appreciate histology’s impact on athletic
performance and injury prevention. Using functional atlases, active discussions, and real-life applications in
labs solidifies learning and prepares students for practical careers (Mashud et al., 2023, 2024).

In practice, this approach entails aligning theoretical lectures with practical applications in laboratory
settings. For example, lectures on muscle histology can delve into the structural characteristics of different
muscle fibre types, their metabolic properties, and how these properties influence muscle performance during
exercise. This theoretical knowledge is then reinforced through hands-on laboratory sessions where students
analyse muscle tissue samples using microscopes (Bugarso et al., 2021). In histology learning, various types
of microscopes are used to study tissue structures and functions. Light microscopes are commonly used for
viewing stained tissue samples with visible light and lenses to magnify cellular structures. Virtual
microscopes, such as digital microscopes, capture images electronically and display them on computer
screens, combining traditional optical features with advanced digital imaging technology. This allows for easy
image capture, analysis, and sharing, facilitating collaborative learning and detailed study of histological
samples.

Virtual microscopes have revolutionised histology education by granting students access to high-resolution
digital images of tissue samples (Then et al., 2023). In contrast to light microscopes that necessitate physical
slides and have limited accessibility, virtual microscopes enable students to zoom in, pan across specimens,
and annotate structures-all from a computer or mobile device (Souza et al., 2024). This accessibility not only
enhances learning flexibility but also facilitates self-paced study and review. In the field of sports science,
virtual microscopes allow students to study histological details relevant to their field without being limited by
physical laboratory resources (Herodotou et al., 2022). This allows them to examine the microscopic structure
of tendons, ligaments, and cartilage and understand how these tissues respond to mechanical stress and athletic
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training. The interactive features, such as labelling exercises and virtual simulations, further engage students
in the learning process, reinforcing theoretical concepts, and improving their microscopy skills (Bordoni et
al., 2024). The implementation of virtual microscopy in histology education has gained attention in recent
years, especially within medical and biological sciences (Amer & Nemengani, 2020; Felszeghy et al., 2017;
Wu & Chiang, 2022). Limited research has explored the unique challenges and opportunities associated with
integrating virtual microscopy into the curriculum of sports science students, who often have different
educational needs and career goals compared to traditional medical students. This research introduces a
comparative analysis between virtual and traditional microscopy methods in the context of sports science,
offering a new perspective on the pedagogical strategies that can be employed. The outcomes of this study
may contribute to the broader adoption of digital tools in diverse educational fields, promoting more accessible
and flexible learning environments. The study aimed to compare the effect of a virtual microscopy and light
microscope on student comprehension among students in the sports science study programme.

METHOD
Type of Research

This study utilised a quasi-experimental design. The students were divided into experimental and control
groups using cluster random sampling based on their classes. The experimental group received instruction
integrating a functional approach and virtual microscopy, while the control group taught the functional
approach using a light microscope throughout the semester. Both classes were carried out by a team teaching,
integrating theory and practical sessions.

Participants

This study involved 103 students from the histology course in the Department of Sports Science, which
consists of two parallel classes (class A and class B). We used class-based group random sampling to allocate
students into the experimental group (n = 56) and control group (n = 46).

Research Procedures

Theoretical material was delivered before the practical sessions. The functional approach was applied by
explaining the relationship between the structure and function of cells, tissues, and organs, as well as the
morphological characteristics of cells and tissues. In the experimental group, students were guided to observe
important histological images of various tissues or organs through a virtual microscope, using digitised slides
studied via computer, while in the control group, the same approach was conducted using a light microscope.
During practical sessions, students drew slides and identified key structures of tissues or organs, enabling
them to identify appropriate histological structures that allowed them to interpret and establish a histological
diagnosis. Students discussed the characteristics, classification, function, and regenerative potential of the
tissues or organs on worksheets. Quizzes were held at the end of the practical sessions. The practical
assignments were the same for both groups. The final grade for histology consisted of formative, summative,
and practical scores.

Instruments

The instruments utilised in this study encompass a variety of tools designed to measure student engagement
and learning outcomes. These instruments include practical work sheets, quizzes, formative tests, summative
tests, and student feedback questionnaires.

Data Analysis

Data analysis used a between-groups comparison test using an independent t-test comparing the final
histology grades. In the experimental group, a four-item feedback questionnaire related to the histology
learning process was administered. The first two items were four Likert response options ranging from
strongly agree to strongly disagree, asking about the student's perception of whether the functional approach
and virtual microscope enhanced their learning. The third item asked what topic the students found most
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difficult, while the fourth item was an open-ended question asking the students the reason why they found the
topic difficult. The questionnaire was administered at the end of the learning process, and the data were
analysed descriptively.

Table 1. Histology Teaching and Learning
Equipment & Material

Theoretical Session Practical Session

Experimental Group Control Group
Teacher explains theoretical The student observes slide, irtual mi iaht mi
material with functional draw and participates in Virtual microscopy Light microscope
. , Worksheet Worksheet
approach discussion

RESULTS AND DISCUSSION

The participants in this study were 103 third-semester students enrolled in the Sports Science program,
class of 2022. The group consisted of 76 males (73.8%) and 27 females (26.2%). The implementation of a
functional approach in the histology course resulted in increased test scores in the subject of histology. At the
end of the semester, we analyzed the test scores of the experimental group (n = 56) and the control group (n =
47) to assess the efficacy of the functional method in histology instruction.

Table 2. Experimental and Control Group Test Scores Comparison

Group n Mean + SD p
Experimental 56 749+78 0.001
Control 47 68.9+ 9.6

These findings are outlined in Table 2, indicating that implementing a functional approach in histology
instruction resulted in a significant enhancement in the student's academic performance (p = 0.01). The results
of this study suggest that the histology teaching method using a functional approach in combination with
virtual microscopy outperforms traditional methods. The students in the experimental group exhibited notably
better comprehension and retention of histological concepts when compared to the control group, as evidenced
by their higher test scores (p = 0.01). This aligns with existing research that proposes interactive and
contextually relevant teaching approaches as having the potential to improve student learning outcomes in
scientific fields (Bloodgood & Chilton, 2012). Maity et al. (2023) found that a virtual microscope facilitated
a more efficient learning process due to the accessibility of high-resolution images and the integration of
interactive features that enhance understanding. The advantages of a virtual microscope include the ability to
access a wide range of high-quality histological slides remotely and the consistency of digital images free
from preparation artifacts. However, it is important to note that not all studies unanimously support the
superiority of a virtual microscope over a light microscope. Baser and Biiyiik (2024) investigate the impact of
virtual microscopy (VM) and light microscopy (LM) on the satisfaction of second-year medical students and
their performance in different educational settings. They found that while VM is becoming essential in
histology education due to its positive impact on exam performance and accessibility, LM remains highly
valued by students for its hands-on experience and satisfaction levels, while Wu and Chiang (2022) found that
the learning outcomes between virtual microscope and light microscope users were comparable, suggesting
that both tools can be equally effective depending on the context and implementation. Factors such as the
design of the histology course, the quality of the digital resources, and the level of instructor support play
crucial roles in determining the effectiveness of each method.

Student feedback confirms the effectiveness of the functional approach and virtual microscopy in teaching
histology. The functional approach offers a practical understanding by connecting theoretical knowledge with
real-world applications, making the material more relatable and easier to comprehend. Only 13% of students
disagreed, indicating minimal resistance to this teaching method. However, there is room for further
improvement or refinement. This data is shown in Figure 1.
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Figure 1. Student Feedback on Functional Approach and Virtual Microscopy in Histology Learning

The response from students regarding the functional approach in histology learning is mainly positive. A
significant 25% of students strongly agree and 62% agree that this method improves their understanding of
histological structures, indicating that the functional approach is well-received. With a combined 87% positive
response and only 13% disagreement, it is clear that integrating functionality into histology teaching
effectively helps students grasp complex structural concepts (Figure A).

Regarding the practical model utilised, practical learning with virtual microscopy notably enhanced topic
understanding for most participants. Specifically, 25% of the respondents strongly agreed with this statement,
while a majority of 55% agreed. Conversely, 18% disagreed, and 2% strongly disagreed. This suggests a
generally positive reception towards the use of virtual microscopy in improving topic comprehension,
although there is still a noteworthy proportion of participants who did not find it effective (Figure B). Student
perception of practical learning with virtual microscopy significantly enhances topic understanding for most
participants, as evidenced by various studies. Research by Ahmed et al. (2022) found that the use of interactive
virtual pathology slides significantly improves students' understanding of pathological disease processes.
These findings collectively emphasise the positive impact of virtual microscopy on student perception and
understanding in practical learning settings.

Feedback from students reveals that nervous tissue is the most challenging tissue to study. 55% of students
identified nervous tissue as the most difficult topic, while 20% found epithelial tissue to be the second most
challenging. Furthermore, 12% of students find it difficult to study connective tissues, while 13% find it
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difficult to study muscle tissues (Figure C). This indicates that over half of the students find understanding
nervous tissue to be most challenging, while a smaller yet significant proportion struggle with epithelial,
muscle, and connective tissues as well. Nervous tissue is perceived as the most challenging tissue to study in
histology due to its complex structure-function relationships, making it difficult for students to visualise the
system (Lieu et al., 2018). The study by Garcia et al. (2019) obtained the same results. Nervous tissue is
perceived as the most challenging in histology due to its complex nature, difficult terminology, and limited
teaching time, according to students’ feedback in the study. These findings suggest that the intricate nature of
nervous tissue, coupled with the need to understand both its structural components and functional aspects,
contributes to students' perceptions of its complexity and difficulty in histology.

According to student perception, the primary reason for difficulties in learning histology is the challenge
of visualising microscopic structures, as identified by 46% of students. Additionally, 39% of students found
histology terminology to be a significant barrier to their understanding. Insufficient time accounted for 13%
of the difficulties, while limited teaching material was the least cited reason, affecting only 2% of the students
(Figure D). This emphasises the need for improved visualisation tools and clearer explanations of terminology
to enhance histology learning.

The positive feedback from a significant number of students suggests that educators should consider
integrating functional approaches into other parts of the curriculum. It may be valuable to conduct a more
comprehensive analysis of the factors contributing to the 13% discrepancy to modify the approach to better
meet the needs of every student. The evidence strongly indicates that the functional approach significantly
enhances the learning experience in histology. Most students responded favourably to these methods, noting
that incorporating practical, real-life applications into histology education greatly improved their
understanding. Virtual microscopy has been highly praised for its ability to provide intricate and easily
accessible visualisations of tissue samples, which play a crucial role in comprehending histological concepts
(Sharmin et al., 2023).

The data suggests that virtual microscopy is more effective than traditional methods in improving topic
understanding for most students. However, it is important to consider and support those who may not derive
as much benefit from this technology. Feedback also highlighted certain challenges, such as the intricate nature
of visualising the connections between microscopic structures and their larger-scale counterparts in nervous
tissue, which was identified as the most challenging to comprehend. A significant hurdle reported by 46% of
students is the struggle to visualise microscopic structures, which plays a vital role in mastering histology.
Incorporating advanced visual aids and interactive tools like high-resolution virtual microscopy could
potentially address this issue and enable students to better understand the material (Tas, 2022).

Students also found that the extensive use of technical language in histology posed a major obstacle,
demanding a considerable amount of memorisation and mental exertion. Understanding histology terminology
presents a significant challenge for many students, with 39% of them considering it a major obstacle.
Educators may consider placing greater emphasis on providing clearer and more gradual explanations of
scientific terms by incorporating glossary tools, conducting frequent reviews, and incorporating contextual
examples within lessons (Wong et al., 2020). A lack of sufficient time, reported by 13% of students, suggests
that insufficient time affects the difficulty of studying histology because it is a subject that requires detailed
observation and understanding of microscopic structures. Without adequate time, students may struggle to
thoroughly analyse and comprehend these complex details. This can lead to gaps in knowledge, reduced
retention of information, and increased difficulty in mastering the subject (Door, 2023).

While this study suggests that the use of virtual microscopes is superior to traditional light microscopes
among science students, several are acknowledged. Firstly, the quasi-experimental design, while practical,
may not control for all confounding variables, potentially affecting the internal validity of the results. The
modest sample size of 103 students, though reasonable, might limit the generalisability of the findings to
broader populations or different educational settings.
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CONCLUSION

This research has shown that virtual microscopes are more beneficial compared to traditional teaching
methods using light microscopes in histology learning. However, it is to be noted that both tools can be equally
effective depending on the context and implementation. Thus, the choice of type of microscope used in the
histology learning should consider the specific context. In this context, factors such as the design of the
histology course, the quality of the digital resources, and the level of instructor support may play crucial roles
in determining the effectiveness of each method. Future research should explore the long-term impacts of
combining VM and LM on student learning outcomes and skill development. Investigating the effectiveness
of hybrid teaching models that integrate both tools in histology curricula can provide insights into optimising
educational strategies.
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