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Implementation of an interactive
virtual microscope laboratory
system in teaching oral
histopathology

Jia Qing>?*, Gu Cheng'**, Xiao-Qi Ni**, YiYang?, Wei Zhang®3*“ & Zhi Li****

Laboratory course acts as a key component of histopathology education. Recent trends of
incorporating visual and interactive technology in active and inquiry-based learning pedagogical
methods have led to significant improvement of histopathology laboratory courses. The present work
aimed to describe interactive virtual microscope laboratory system (IVMLS) as a virtual platform for
teaching histopathology in order to improve the quality and efficiency of teaching. The system is
based on interactive technology and consists of interactive software, slide-reading software, teaching
resources and integrated auxiliary equipment. It allows real-time interaction between teachers and
students and provides students with a wealth of learning and review materials. In order to evaluate
the effectiveness of the system, we conducted a comparative study with the use of light microscope
(LM) as a method. Specifically, we compared the results of six assignments and one laboratory final
exam between IVMLS group and LM group to analyse the impact of IVMLS on students’ academic
performance. A questionnaire survey was also conducted to obtain students’ attitudes and views

on this system. There was no overall difference in assignment performance between IVMLS group

and LM group. But laboratory final test grades increased from a mean of 62% (43.8-80.0, 95% Cl)
before to 83% (71.0-94.2, 95% Cl) after implement IVMLS, suggesting highly significant (p <0.001)
improvement on students’ histopathology laboratory performance. Feedback of the questionnaire
was positive, indicating that students were satisfied with the system, which they believed improved
student communication and teacher-student interaction, increased learning resources, increased their
focus on learning, and facilitated their independent thinking process. This study proves that IVMLS is
an efficient and feasible teaching technology and improves students’ academic performance.

With the development of the Internet, the concept of e-learning is introduced. In essence, e-learning is the use
of Internet technology to provide learners with available information or knowledge, without time or geographi-
cal constraints to enhance knowledge and performance’, and it is becoming a new paradigm of education®”.
Historically, there have been two common e-learning models: distance learning and computer-assisted teaching.
The latter uses computers to help provide independent learning and teaching multimedia packages'. In fact,
computer-assisted instruction has been widely used in higher education in the past 20 years. There are abun-
dant researches on the influence of technology on teaching. It is found that the mode of presenting learning
content will significantly affect the learning process and thus the learning effect*. When the learning process is
integrated with multimedia tools, students are more interested in the learning topic®. It's found that the design
of the relevant learning application will provide an efficient learning method and use it to improve students’
scores ®’. Evidence also supports that teaching with integrated technical tools can not only help teachers improve
teaching quality, but also help students improve their learning level®. In recent years, computer simulation® and
Web3D technologies'® and other interesting and practical technologies have been applied in teaching practice
and brought changes to classroom forms. Histopathology is no exception.
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Histopathology is an essential part of undergraduate dental education. However, due to the complexity of
histological structure and the difficulty of integrate histological structures with physiological functions, pathology
is often considered as one of the most difficult courses for students''. As a detail-oriented biomedical course that
uses vision to reveal the truth!>!%, laboratory course is induced as a key component of histopathology education.
It aims to develop students’ ability to recognize subtle morphological differences in tissue characteristics and
integrate their knowledge of organ function with observation of two-dimensional microscopic images'*-'. This
is a complex, multi-step process, usually facilitated by interaction between learners and teachers'’.

Direct interaction between students and teachers during laboratory sessions is identified as immediate infor-
mal feedback in the formative assessment'’, which is defined as teaching tools generating feedback information
that benefits students during the learning process and leads to enhanced learning outcomes'®. In laboratory
sessions, tests, lab reports, classroom tasks, teacher-student interactions are all included in this category. Teach-
ers use these tools to gain insight into misinterpretations and gaps in students’ understanding and to provide
constructive feedback to students'”. The opportunity to provide a formative assessment has been identified as a
significant benefit to student learning'®. However, informal feedback may never reach shy students who do not
like to ask questions or seek clarification'®, leading to marginalization and failure to reach their full potential.
Improving university instruction to increase engagement and retention of underrepresented students is one of
the things that many teaching participants have been trying to achieve?**..

In laboratory sessions, students are instructed to study tissue structures outlined in the previous lectures in
detail through a light microscope or VM. They need to understand the characteristics of each tissue types and use
these characteristics to distinguish them. In addition, students are also required to understand the basic unity of
form and function at the micro level. However, students often encounter difficulties in laboratory sessions due
to the lack of microscopic experience, the complexity of histologic images and the difficulty of integrating static
histological images with dynamic physiological functions®. Recent trends of incorporating visual and interactive
technology in a variety of active and inquiry-based learning pedagogical methods'"**** have led to significant
improvement of oral histopathology laboratory courses.

In terms of interaction, many technologies have been gradually employed and achieved good results'”**. For
example, interactive whiteboards proposed by Jain ?° can be used in laboratory courses to create an interactive
learning environment'!. As for virtual technology, since R Ferreira put forward the concept of virtual micro-
scope (VM) in the late 1990s?, this technique has been implemented in a variety of educational venues®, such
as cytology®~*2, hematology* and dermatopathology****. In order to meet the teaching needs of various disci-
plines, VM has developed from standard virtual slides to 3-dimensional (3-D) slides®***-* in the past 30 years.
Previous reports have described that the advantages of VM include increased accessibility, ease of use and perfect
emulation of traditional microscope?®**-*2. Given these advantages, medical colleges worldwide around the world
are increasingly incorporating the VM platform into histopathology laboratories to improve students’ learning
experience in microscope laboratory sessions*>™4,

IVMLS is a system that perfectly incorporates both visual and interactive technology. It is designed to pro-
mote the interaction between teachers and students, thus providing an ideal virtual platform for teaching and
learning. IVMLS is often composed of interactive software, teaching resource, slide-reading software and inte-
grated auxiliary equipment. Virtual slides are one part of teaching resource and incorporated into this system.
The biggest feature of IVMLS is to connect the computers of teachers and students in the laboratory, so as to
improve the teaching efficiency*’. IVMLS can be used to control students’ computers in the laboratory, monitor
the tabs and programs displayed on their screen and provide a platform for teachers and students to interact and
share resources. The purpose of this study was to investigate the teaching effect of IVMLS and evaluate students’
attitude towards this technology. The impact of this teaching method is based on results of questionnaire survey
and students’ performance in the homework assignments and laboratory tests.

Materials and methods

Course context. Oral histopathology is an upper-level undergraduate course for dental students of grade
four. It is an important subject in basic oral medicine and a bridge between basic oral medicine and clinical oral
medicine. For medical students, learning this course is of great significance for correctly understanding the
essence of oral diseases and learning to correctly diagnose and treat diseases. And laboratory courses play as a
key component of histopathology education. 16 h were assigned for lectures and 18 h for laboratory. The course
consists of 8 lectures, each lasting two hours, followed by six 3-h laboratory sections.

The study was performed during the laboratory sessions of the Oral Histopathology course. This course was
given in 2018 and 2019. Specifically, the students admitted in 2015 took this course in 2018, while the students
admitted in 2016 took the course in 2019. Before laboratory sessions, extra time was arranged to train the students
with basic skills and precautions for using a LM or the slide-reading software NDP. View 2. In order to achieve
better teaching results, laboratory courses were arranged to closely follow after each lecture to consolidate theo-
retical knowledge. There are also cases where a laboratory course is carried out after two consecutive lectures.
Therefore, there are eight lectures and six laboratory courses instead of six lectures and six laboratory courses.
However, it can be guaranteed that the tissue types studied in each laboratory session had been introduced in
the previous lectures.

Participants. All the undergraduates, 156 in total, who was admitted in our school of stomatology in 2015
and 2016 participated in this study. 77 students (25 males, 52 female) who entered university in 2015 were
taught by traditional teaching method in 2018. 79 students (32 males, 47 female) who entered university in 2016
accepted the proposed teaching method of IVMLS in 2019. All the participants had passed the entrance criteria
of the University. The enrolment standards along with teaching plans of the two sessions remained unchanged
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Demographics Total LM group IVMLS group p-value
Students; n 154 77 79

Age; years (+SD) 21.0 (£0.8) 21.1(x£0.8) 21.0 (£0.8) 0.531
Sex; n (%)

Female 99 (63.5%) 52 (67.5%) 47 (59.5%) 0297
Male 57 (36.5%) 25 (32.5%) 32 (40.5%)

Table 1. Descriptive data of participants enrolled in this study. LM light microscope, IVMLS interactive
virtual microscope laboratory system, n number of students.

Figure 1. Advanced histopathology laboratory is composed of a computer for the teacher, several computers
for students, interactive virtual microscope laboratory system (IVMLS) and other auxiliary equipment.

in these two years. Therefore, the academic level of the two groups was principally consistent. Students in the
two groups were of similar age (20-22 years old, p >0.05) when they participated in this study. In addition, there
was no significant difference (p>0.05) between the two groups in male-female ratio (Table 1). Thus, anthropic
characteristics of two groups were comparable in this study. All the participants had previously accepted tra-
ditional laboratory teaching method and knew the basic knowledge of using microscope. Institutional review
board (IRB) approval of School and Hospital of Stomatology, Wuhan University was obtained for this study,
and all study protocols were approved. All research was performed in accordance with relevant guidelines. All
participants involved in this study gave their informed consent.

Laboratories. Traditional histopathology laboratory for LM group.  The traditional way of teaching was im-
plemented in the traditional histopathology laboratory in 2018. This laboratory consists of the following compo-
nents: (1) a computer for the teacher and the connected projector; (2) a LM for the teacher; (3) several LMs for
students; (4) glass slides that were carefully selected to ensure high quality and definition; and (5) other auxiliary
equipment.

Advanced histopathology laboratory for IVMLS group.  Students in Grade 2016 accepted the proposed teaching
method of IVMLS in the advanced histopathology laboratory in 2019. This laboratory consists of the following
components: (1) a computer for the teacher; (2) several computers for students; (3) IVMLS; and (4) other aux-
iliary equipment (Fig. 1).

IVMLS often comprises interactive software, teaching resource, slide-reading software and integrated auxiliary
equipment. The interactive software we employed in this study is ParaSaga EClass (Lenovo, Beijing, China), via
which teachers can share teaching resources, interact with students, share their computer interface with each
student’s computer in real time, and monitor the tabs and programs displayed on their screen (Fig. 2). Students
can also interact with their teachers proactively in this platform. What’s more, they can receive and store the
digital teaching resources shared by their teachers, cut and paste a region within a slide to produce a .jpg or .tiff
file that can be downloaded into their USB flash disk and submit their assignments and papers online, if assigned.
Teaching resources include teaching plans, virtual slides and PowerPoint documents which delivered the rel-
evant theoretical knowledge. The virtual slides are 3-D slides and come from the teaching virtual slide database
of China from Peking University. The slide-reading software is named NanoZoomer Digital Pathology. View 2
(NDP. View 2, Hamamatsu photonics K.K, Japan) (Fig. 3), with which the virtual slide images can be dragged
and clicked with the mouse to simulate the scanning of the corresponding glass slides under an LM (Fig. 4).
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Figure 2. Teachers can share teaching resources, interact with students, share their computer interface with
each student’s computer in real time, and monitor the tabs and programs displayed on their screen via ParaSaga
EClass.

Figure 3. The homepage of NDP. View 2. Virtual slides can be selected and viewed by clicking on the folders in
the upper left corner.

Figure 4. NDP. View2 allows the digital slide images to be dragged and clicked with the mouse to simulate the
scanning of the corresponding glass slides under a light microscope.
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Conduct of laboratory courses. Traditional laboratory courses. Traditional laboratory courses started
with a presentation describing the relevant theoretical knowledge via PowerPoint documents. Then, students ob-
served the slides by themselves and discussed with others. In this stage, students needed to complete some tasks,
such as finding the landmark structure of a certain pathological tissue. If they had any questions, they could raise
their hands or go to the teacher to ask questions. When teachers observed typical tissue structures under their
own microscopes, students can also go to the teacher’s microscope one by one to observe them. At the end of the
class, the teacher answered the frequently asked questions and raised new questions. Students can get access to
the glass slides and microscopes after class as long as they apply to the teacher.

Advanced histopathology laboratory courses. For IVMLS group, at the beginning of the course, teachers shared
their own computer interface to students in real time for PowerPoint presentation of theoretical knowledge, so
that the content of the document is clearly visible to everyone. Then, students were instructed to explore the
slides by themselves, with the same tasks as the previous group. But they could not talk to each other. Because
the purpose of this stage was to guide students to think independently, to reason and to deepen their recogni-
tion of organization types and basic concepts®®*®, With the slide-reading software, students were allowed to
take screenshots of important structures and mark them with arrows, circles, or other patterns. If they had any
question, they could send messages to their teachers using the ‘Hand Up’ button in the system, without disturb-
ing others. At the next stage, teachers shared their computer interface again and used cursor or annotation
mode to accurately indicate the specific characteristics of tissue types to students. Teachers could also use this
period of time to answer the questions asked frequently and assign homework. Lastly, students should observe
the slides again and discuss freely with their classmates. For review purposes, the slide-reading software, along
with all the slides and screenshots, could be freely downloaded in students’ own USB flash drives. Throughout
the whole teaching process, teachers could easily supervise the students by monitoring their computer interface.
They could also utilize a black screen and text warnings to remind students who were not studying attentively.

Assessments and assignments.  Assessments of two types were used: homework assignments and labo-
ratory final test. There were six homework assignments, which accounted for 30% of the final grade. The final
examination represented the remaining 70% of the final grade. Homework was arranged before the free discus-
sion part, and students were required to draw the designated tissue structure after class. In the laboratory final
test, students were required to identify tissue structures in the pictures. There were 2-5 structures indicated by
arrows in each picture, and 40 in total. These pictures were made into a PowerPoint document, and the switch-
ing time of each image was controlled to one minute by PowerPoint software. Students in LM group took the
examination in 2018. And the other group took the examination in the same classroom in 2019. The PowerPoint
document were identical for two groups. Teachers and textbooks remain unchanged in these 2 years.

Statistical analysis was performed using IBM SPSS Statistics for Windows Version 24.0 (IBM Corp., Armonk,
NY, USA). Statistical analysis involving both groups was performed using the t-test of students for paired data,
wherein statistical significance was accepted at the level of p <0.05.

Questionnaire survey. The questionnaire was designed on the basis of previous researches? to obtain
information about the students’ perception of IVMLS. These surveys were sent to students utilizing a web-based
survey tool. As students had previously accepted the traditional teaching method, their opinions could provide
some clues to the educational value of this shift from traditional teaching method to IVMLS. The survey assessed
student satisfaction and the impact of IVMLS on factors that affect learning effectiveness, including student
discussion, teacher-student interaction, independent thinking, focus on learning, learning resources and ease
of tools. The survey had questions that used the five-point Likert type scale (1= Strongly disagree; 2 =Disagree;
3 =Neutral; 4= Agree; 5=Strongly agree; 1 =poor rating and 5 = excellent rating) and open-ended questions. All
mean values provided are accompanied by respective standard deviation (+ SD). correlation coefficient (r), Ken-
dall’s tau B and Cronbach’s alpha statistical tests were performed to assess correlation and reliability using IBM
SPSS Statistics for Windows Version 24.0 (IBM Corp., Armonk, NY, USA). It was calculated that the Cronbach’s
alpha of the questionnaire was 0.971, the correlation coefficient of the questionnaire was greater than 0.6, and
the Kendall’s tau p value p(t) wasless than 0.001.

Results

Students in the two groups were of similar age (20-22 years old, p=0.914) when they participated in this study
and there was no significant difference (p=0.685) between the two groups in male-female ratio. Table 2 shows
a comparison of students” assignment and laboratory final test scores in the histopathology laboratory sessions.
The average scores of each assignment of the two groups fluctuated around 80%. Results showed that there
was no significant difference in the overall performance of homework assignments between the two groups of
students (p =0.235). Performance of LM group was significantly better than that of IVMLS group in the second
(p=0.030), third (p=0.004) and fifth homework (p <0.001), but there was no significant difference between the
two groups in the first (p=0.358) and sixth homework (p=0.072). Students in IVMLS group only performed
better than students in LM group in the fourth assignment (p=0.007) (Table 2).

Two students in LM group did not take the final test, so only 75 test scores were received from LM group.
For IVMLS group, all 79 students took the laboratory final test. Histopathology grades ranged between 0 and
100% with a class average percentage grade of 62 (95% CI of 43.6-80.2) before the integration of IVMLS. As for
students in the other group, their grades increased to a range between 42 and 99% with a class average percentage
of 82.6 (95% CI of 81.0-94.2). Comparison of student performances on the laboratory final test before and after
the implementation of IVMLS showed a significant improvement in the grades of students (p <0.001) (Table 2).
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Assignment 1 81.6 (+11.2) 79.7 (£13.2) 0.358
Assignment 2 82.8 (+6.1) 80.7 (+6.1) 0.030
Assignment 3 83.4 (+6.6) 80.6 (+5.4) 0.004
Assignment 4 79.4 (£7.1) 82.5(+7.2) 0.007
Assignment 5 87.1 (+4.1) 83.7 (£5.9) 0.000
Assignment 6 86.5 (+4.5) 87.9 (£5.1) 0.072
Total assignments 83.4 (+4.9) 82.5(+4.9) 0.235
Laboratory final test 61.9 (+18.3) 82.6 (+11.6) 0.000

Table 2. Comparison of student performance in homework assignments and laboratory final test before and
after the application of IVMLS. LM light microscope, IVMLS interactive virtual microscope laboratory system,
n number of students.

Compared to traditional histological laboratories, | got more
learning resources in laboratory integrated with [VMLS.

It was easier to read slides using slide-reading software than with
a traditional light microscope.

The process by which teachers asked me to read slides
independently encouraged me to think and reason independently.

The interactive software prevented me from using computers for
entertainment during the PowerPoint presentation.

The interactive software connected me more closely with
teachers.

The slide-reading software and virtual slides facilitated my
discussion with classmate.

| prefer studying in the new laboratory integ?](ated with VMLS to a
traditional histology laboratories.

1 2 3 4 5
Strongly disagree Strongly agree
Likert scale of agreement

Figure 5. Perceptions of students toward interactive virtual microscope laboratory system (IVMLS). A
horizontal bar graph shows means + standard deviation of agreements expressed on the Likert scale (1= strongly
disagree, 5=strongly agree).

Students’ perceptions toward IVMLS were shown in Fig. 5. The questionnaire results were positive. Recov-
ery rate of the questionnaire survey reached 82.3%. The questionnaire results indicated that the students were
satisfied with the proposed teaching method and it has achieved positive effects. Most students agreed that they
prefer studying in the new lab integrated with IVMLS to a traditional histopathology lab (89.23%). As for the
impact of IVMLS on factors that affect learning effectiveness, almost all the students (96.93%) held the view that
the slide-reading software and virtual slides included in IVMLS facilitated their communication and discussion
with their classmates. The majority of the participants felt that the interactive software connected them more
closely with their teachers (81.54%) and prevented them from using computers to do things that have nothing
to do with learning during the PowerPoint presentation (76.93%). The vast majority of students believe that
in the reformed histopathology laboratory sessions, the process by which teachers asked them to read slides
independently encouraged them to think and reason independently (93.85%). The same degree of agreement
was reached on the ease of tools, with 93.85% of students saying it was easier to read slides using slide-reading
software than with a traditional light microscope. Regarding learning resources, most students agreed that they
got more learning resources in IVMLS (89.23%).

In addition, students were given the opportunity to make written comments at the end of the survey. The
responses were supportive of the proposed teaching method of IVMLS and provided some reasons why students
preferred the proposed teaching mode, including the phrases ‘better visualization, ‘time-saving, ‘more acces-
sible; ‘ease of use’ and ‘fun’ Students also raised some problems regarding the stability of the IVMLS. Specifically,
students pointed out issues such as the occasional freezing of the shared interface and the possibility of losing
control within a small proportion of computers whilst in the middle of the class. Students further suggested that
the stability of the IVMLS should be strengthened, and the fluency of the network should be improved. Students
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also gave some other valuable suggestions, such as combining traditional light microscopes with IVMLS, provid-
ing an example of specific structures for each slide, and improve the microphone and signal transmission system.

Discussion

One of the key points of histopathology learning is to identify diagnostic-related areas from the entire sample
and identify the tissues and cells in them. Understanding the complexity of tissue organization, function and
pathological processes*** through the memorization of superficial, irrelevant information is a continuous strug-
gle for students'"*!. The rapid progress of science and technology provides a platform for the development of
laboratory sessions of oral histopathology*’. The introduction of interactive whiteboards'"*® and other technolo-
gies provides a new platform for interaction between teachers and students'”?, while VM makes the teaching
platform transfer from offline to online. IVMLS described here integrates both interactive technology and visual
microscopy and puts emphasize on teacher-student interaction, inquiry-based learning and reasoning?*4%47253,

Aflip of classroom mode. By comparing students’ laboratory results before and after IVMLS implementa-
tion, it is found that IVMLS implementation was associated with improved laboratory test scores and, concur-
rently, a decreasing failure rate and an increasing high score rate, thus narrowing the score distribution. This
may be the result of a better learning environment supported by IVMLS. The characteristics of today’s Millen-
nial students necessitate instructional strategies that provide clear structure, support group learning, actively
engages students in the learning process, and provides feedback to students to monitor their progress®*~°. Stu-
dents’ feedback of their experience of using IVMLS was very favourable. They agreed that the system facilitated
histopathology learning by enhancing classroom discussion, facilitating teacher-student interaction, promoting
thinking and reasoning, and helping to increase learning focus.

Interaction between teachers and students are seen as an important factor influencing teaching results
The interactive software described here allows teachers shared their own computer interface to students in real
time and builds a platform for teachers to share teaching resources and interact with students. Increased student
focus is also achieved through the interactive software. The majority of the students agreed that the interactive
software prevented them from using computers to do things that have nothing to do with learning during the
PowerPoint presentation (76.93%). Throughout the whole teaching process, teachers could easily supervise the
students by monitoring their computer interface and a black screen and text warnings were utilized to remind
students who were not studying attentively.

Results of the questionnaire survey show that students are satisfied with the application of IVMLS and
proves the above conjecture from the side. They supported that the application of IVMLS shortened the distance
between them and teachers, and that it had the advantage of increased accessibility, high image quality, ease of
use and perfect simulation of traditional microscope reading mode. They also felt that they were more willing
to interact with classmates in IVMLS classes. In fact, what IVMLS brings is not limited to changes of technology
and teaching materials, but the flipping of classroom mode. This new classroom model integrates various peda-
gogical methods, e.g., student-centred learning, collaborative learning and inquiry-based learning. It represents
a model pedagogical tool that focuses on guided inquiry, understanding concepts, and turning from memory
to critical thinking?*46-%8,

We believe that IVMLS brings not only a direct change in student performance, but also a flip of classroom
mode. The introduction of a new teaching tool encourages and facilitates teachers to adopt more advanced teach-
ing strategies. In IVMLS classes, the teaching strategy of combining student-centred learning, inquiry-based
learning and collaborative learning was adopted and believed to promote better understanding and mastery of
knowledge®*.

In this teaching mode, most of the time in the classroom is at the disposal of the students themselves. This
type of learning is more likely to stimulate critical thinking, taking into account the individual level of students in
order to develop their learning ability and investigative skills®’. Developing student-centred interactive tools not
only helps with the teaching of histopathology, but also helps students acquire group and self-monitoring skills*.
In the process of independent exploration of slides, students were intentionally guided to think independently
and avoid discussion, which forced them to actively learn, reason, understand theoretical knowledge and basic
concepts, and combine static histological images with dynamic physiological functions. Student feedback also
supports this process to promote their ability to think and reason independently. These independent activities
are considered important for learning micromorphology****¢%. During the free discussion in the second half of
the class, students need to collaborate to deepen their understanding of theory and better prepare for homework.
The use of virtual microscopes is thought to improve student collaboration as students can view exactly the same
specimen, allowing for the same point of reference in group work and discussions*-****4, More active classroom
discussion and student collaboration were indeed observed in IVMLS group. Collaborative learning has its roots
in the theories of social interdependence, cognitive development and behavioural learning and comes from the
constructivism theory of social learning®**. In constructivism theory, students play an active role in their own
learning and construct new ideas on the basis of current and past knowledge. Collaborative learning not only
has cognitive benefits, such as improved academic performance and motivation, but also improves the social
skills needed for future professional work®.

53,57

An inclusive environment. In traditional laboratories, the microscope devices between students were
independent and the slides viewed were different. When they wanted to share images under their microscope
with others, the other student needed to re-adjust the microscope to suit his viewing habits and needs. Similar
things happened between students and teachers. In addition, when teachers wanted to share images under their
microscopes with students, they could only line up and observe them one by one, which often led to over-
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crowding and inefficiency. The increased time cost led to a decrease in students’ enthusiasm for interaction and
classroom engagement, especially for those marginalized and unrepresentative students. Students who are shy
or uncomfortable asking questions are often marginalized and may fail to achieve their full potential 7. In
fact, we believe that IVMLS creates an inclusive environment which improves fairness and narrows the achieve-
ment gap between represented and underrepresented students *%”. On the one hand, it avoids situations where
classroom discussions are monopolized by overly active students, which can lead to marginalized students los-
ing the opportunity to speak. Through decentring dominant groups, space can be made for marginalized voices
and experiences?’. On the other hand, the creation of a virtual platform for students to interact with teachers
creates another option for students to interact with teachers, especially for those who are shy about face-to-face
communication, thus creating a more inclusive environment where shy students obtained immediate feedback
without the need to vocalize their questions'”.

Cumulative impact of IVMLS. Homework assignments required students to draw designated tissue struc-
tures after class to deepen their impression of the characteristics of various tissues. There was no significant dif-
ference in homework performance between the two groups of students. Students could discuss with each other
when they were finishing their homework. They could also refer to any resources to complete the organization
drawing task, such as pictures they downloaded in class or pictures in textbooks and on the Internet. The time
to complete homework was not limited. Therefore, we think that students’ homework performance can partly
reflect students’ learning attitude and their knowledge accumulated through in-class learning, but there are
too many factors affecting students’ homework performance, resulting in no significant difference in students’
homework performance.

Significant differences were seen in laboratory test scores. We believe that the increase in learning resources
and availability of virtual microscope platforms has increased the learning time students spend exploring lab
courses. This is often long-term and sustainable process and often grows before the examination***. In fact,
students who use VM spend more time watching virtual slides than students watch glass slides in the lab®®. This
indirectly proves that the duration of the use of virtual machine platform provides great advantages for micro-
scope laboratory learning®, highlighting the cumulative impact of VM platform on laboratory performance!®4>%.

An educational method suitable for generation Z students.  Sociologists and researchers have stud-
ied the trends of five generations which were categorized as traditionalists, baby boomers, generation X, millen-
nials and generation Z7°. Generation Z includes those born between 1995 and 2012 and constitutes the majority
of the current group of college students. They grew up under the influence of science and technology and never
experienced life without the Internet. This makes generation Z students possess specific and unique character-
istics compared with other generations. They usually have the technical skills required to participate in online
learning and are eager for convenient, immediate and pragmatic learning’’. But the limited experience of face-
to-face communication may lead to their lack of social, interpersonal and communication skills’2. Moreover,
their limited attention may hinder the learning of online courses”.

In this context, IVMLS has advantages and disadvantages. First, generation Z students have the technical
skills required to participate in online learning. Thus, they have the potential to rapidly adapt to IVMLS classes
and fully explore and utilize this system. Secondly, IVMLS can be used to control students’ computers in the
laboratory, monitor the tabs and programs displayed on their screen. This may help students concentrate and
prevent them from using computers for activities that are unrelated to the class. The questionnaire results prove
this view, showing that most students agreed that IVMLS prevented them from using computers to do things
that have nothing to do with learning during the PowerPoint presentation. This makes up for the students’ lack
of concentration. In addition, students and teachers can choose to communicate online by sending messages to
each other, which can make up for the shortcomings of students’ lack of social and communication skills. This
can reduce the obstacles of students’ learning to a certain extent. But from another perspective, this cannot solve
the plight of students’ social skill inadequacies, but to a certain extent, it discourages their enthusiasm of face-
to-face communication between students and teachers, making students more isolated.

Potential application value of IVMLS. IVMLS can not only be used in laboratory sessions of oral histo-
pathology, but also can be beneficial to other disciplines. It brings about the flip of classroom mode and repre-
sents a superior learning approach that appeals to more learning styles. Based on the system’s powerful interac-
tion characteristics and virtual microscope technology, various teaching methods, such as distance education,
team-based learning, problem-based learning, cooperative education and peer education, have potential appli-
cation space>>$%7475,

IVMLS often comprises interactive software, teaching resource, slide-reading software and integrated auxiliary
equipment. Some components of the system are also beneficial to other disciplines. The core part is the interactive
software ParaSaga EClass. Through this software, teachers can share teaching resources, interact with students,
share the computer interface with each student’s computer in real time, and monitor the tabs and programs
displayed on their screen. Students can also actively interact with teachers on this platform. Therefore, ParaSaga
EClass interactive software can be applied to all kinds of computer related courses. But it is worth noting that the
software requires 100 m and 1000 m Ethernet network environment, and that the switch is required to support
and enable multicast protocol. Therefore, the software is mainly suitable for offline course teaching.

One of the integrated auxiliary equipment is a camera equipment installed on each console, which greatly
expands the application of IVMLS, so that the system can also be applied to various operation courses. The
camera device can record the teacher’s operation and display it on the connected computer, and the image on the
teacher’s computer can be shared with students in real time. This greatly facilitates the development of operation
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courses, such as tooth preparation and root canal preparation, which are preclinical courses for stomatologi-
cal students. In addition, IVMLS can help prevent cheating in exams, as students’ computer can be controlled
by teachers” host computer and students are effectively monitored by the camera equipment equipped on each
console. Components of the IVMLS described here either exist in most biological laboratories or can be obtained
at an affordable cost. The obvious impact of this technology on histological learning makes it cost-effective to
invest in acquiring some of these components.

During COVID-19, some components of the system can be used for online courses. The virtual slide and
slide-reading software brings great convenience to the transmission of teaching resources, so that students can
break away from the limitations of the laboratory and study the laboratory course of histopathology online. Their
combination with network conference software can effectively solve the problem of curriculum development.
Although the effectiveness of this course form and its impact on students’ learning effect need to be studied.

Limitations
As TVMLS is based on the network, the efficiency of the class is greatly affected by the network condition. The
shared interface may freeze, and some computers may lose control in the middle of the class due to the delay in
the network. The disadvantages of virtual slides are also found in this teaching method. For instance, oil immer-
sion lens cannot be applied to the scanning of classic oral histopathology slides by Nano Zoomer 2.0-HT system.
Thus, higher magnification cannot be acquired at present. Additionally, although the images are compressed,
they can still be extremely large with several gigabytes in size’. Hence, a limited selection of slides are provided
as learning materials, and they may not be representative of the numerous inherent variations present, thus
hindering the development of the practical and critical thinking abilities of the learners®>”’.

It is worth noting that it is difficult to attribute the positive impact to any single component rather than the
whole system. Research aimed at measuring the influence of various components of IVMLS, such as the slide-
reading software and ParaSaga EClass would analyse the importance of these components.

Conclusion

Our research results confirm the educational value of the proposed teaching method. IVMLS incorporates the
advantages of interactive and virtual technology and creates a convenient interactive platform between teachers
and students. Although certain limitations are present, solutions can be found during the study process. In gen-
eral, IVMLS brings the flipping of classroom mode, integrates various pedagogical methods, and can promote
students’ better understanding and mastery of knowledge.

Received: 26 November 2021; Accepted: 16 March 2022
Published online: 31 March 2022

References

1. Ruiz, J. G., Mintzer, M. J. & Leipzig, R. M. The impact of E-learning in medical education. Acad. Med. 81, 207-212. https://doi.
0rg/10.1097/00001888-200603000-00002 (2006).

2. Liaw, S.-S. & Huang, H.-M. Perceived satisfaction, perceived usefulness and interactive learning environments as predictors to
self-regulation in e-learning environments. Comput. Educ. 60, 14-24. https://doi.org/10.1016/j.compedu.2012.07.015 (2013).

3. Shee, D. Y. & Wang, Y.-S. Multi-criteria evaluation of the web-based e-learning system: A methodology based on learner satisfac-
tion and its applications. Comput. Educ. 50, 894-905. https://doi.org/10.1016/j.compedu.2006.09.005 (2008).

4. Holzinger, A., Kickmeier-Rust, M. D., Wassertheurer, S. & Hessinger, M. Learning performance with interactive simulations in
medical education: Lessons learned from results of learning complex physiological models with the HAEMOdynamics SIMulator.
Comput. Educ. 52, 292-301. https://doi.org/10.1016/j.compedu.2008.08.008 (2009).

5. Gopal, T. et al. Effect of an interactive web-based instruction in the performance of undergraduate anatomy and physiology lab
students. Comput. Educ. 55, 500-512. https://doi.org/10.1016/j.compedu.2010.02.013 (2010).

6. Sun, W. et al. Three-dimensional tooth models with pulp cavity enhance dental anatomy education. Anat. Sci. Educ. https://doi.
org/10.1002/ase.2085 (2021).

7. Lone, M. et al. Development and assessment of a three-dimensional tooth morphology quiz for dental students. Anat. Sci. Educ.
12, 284-299. https://doi.org/10.1002/ase.1815 (2019).

8. Woodrow, J. E. J., Mayer-Smith, J. A. & Pedretti, E. G. Assessing technology enhanced instruction: A case study in secondary sci-
ence. J. Educ. Comput. Res. 23, 15-39. https://doi.org/10.2190/ax3r-a8t1-h5a3-810h (2000).

9. Katz, S., Hollingsworth, R. G., Blackburn, J. G. & Carter, H. T. Use of computer simulation in teaching physiology: Student labora-
tory. Comput. Educ. 2, 307-318. https://doi.org/10.1016/0360-1315(78)90006-4 (1978).

10. Chittaro, L. & Ranon, R. Web3D technologies in learning, education and training: Motivations, issues, opportunities. Comput.
Educ. 49, 3-18. https://doi.org/10.1016/j.compedu.2005.06.002 (2007).

11. Higazi, T. B. Use of interactive live digital imaging to enhance histology learning in introductory level anatomy and physiology
classes. Anat. Sci. Educ. 4, 78-83. https://doi.org/10.1002/ase.211 (2011).

12. Kelly, M., Ellaway, R., Scherpbier, A., King, N. & Dornan, T. Body pedagogics: Embodied learning for the health professions. Med.
Educ. 53, 967-977. https://doi.org/10.1111/medu.13916 (2019).

13. Mione, S., Valcke, M. & Cornelissen, M. Evaluation of virtual microscopy in medical histology teaching. Anat. Sci. Educ. 6, 307-315.
https://doi.org/10.1002/ase.1353 (2013).

14. Bloodgood, R. A. & Ogilvie, R. W. Trends in histology laboratory teaching in United States medical schools. Anat. Rec. B New
Anat. 289, 169-175. https://doi.org/10.1002/ar.b.20111 (2006).

15. Hortsch, M. & Mangrulkar, R. S. When students struggle with gross anatomy and histology: A strategy for monitoring, reviewing,
and promoting student academic success in an integrated preclinical medical curriculum. Anat. Sci. Educ. 8, 478-483. https://doi.
org/10.1002/ase.1519 (2015).

16. Selvig, D., Holaday, L. W., Purkiss, ]. & Hortsch, M. Correlating students’ educational background, study habits, and resource usage
with learning success in medical histology. Anat. Sci. Educ. 8, 1-11. https://doi.org/10.1002/ase.1449 (2015).

17. Rinaldi, V. D., Lorr, N. A. & Williams, K. Evaluating a technology supported interactive response system during the laboratory
section of a histology course. Anat. Sci. Educ. 10, 328-338. https://doi.org/10.1002/ase.1667 (2017).

18. Evans, D. ], Zeun, P. & Stanier, R. A. Motivating student learning using a formative assessment journey. J. Anat. 224, 296-303.
https://doi.org/10.1111/joa.12117 (2014).

Scientific Reports |

(2022) 12:5492 | https://doi.org/10.1038/s41598-022-09473-6 nature portfolio


https://doi.org/10.1097/00001888-200603000-00002
https://doi.org/10.1097/00001888-200603000-00002
https://doi.org/10.1016/j.compedu.2012.07.015
https://doi.org/10.1016/j.compedu.2006.09.005
https://doi.org/10.1016/j.compedu.2008.08.008
https://doi.org/10.1016/j.compedu.2010.02.013
https://doi.org/10.1002/ase.2085
https://doi.org/10.1002/ase.2085
https://doi.org/10.1002/ase.1815
https://doi.org/10.2190/ax3r-a8t1-h5a3-810h
https://doi.org/10.1016/0360-1315(78)90006-4
https://doi.org/10.1016/j.compedu.2005.06.002
https://doi.org/10.1002/ase.211
https://doi.org/10.1111/medu.13916
https://doi.org/10.1002/ase.1353
https://doi.org/10.1002/ar.b.20111
https://doi.org/10.1002/ase.1519
https://doi.org/10.1002/ase.1519
https://doi.org/10.1002/ase.1449
https://doi.org/10.1002/ase.1667
https://doi.org/10.1111/joa.12117

www.nature.com/scientificreports/

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Sinclair, H. K. & Cleland, J. A. Undergraduate medical students: Who seeks formative feedback?. Med. Educ. 41, 580-582. https://
doi.org/10.1111/j.1365-2923.2007.02768.x (2007).

Williams, A. E. & O’Dowd, D. K. Seven practical strategies to add active learning to a science lecture. Neurosci. Lett. 743, 135317.
https://doi.org/10.1016/j.neulet.2020.135317 (2021).

Silva, J. M., Students for Diversity, N. #WEWANTSPACE: Developing student activism through a Decolonial pedagogy. Am. J.
Community Psychol. 62, 374-384. https://doi.org/10.1002/ajcp.12284 (2018).

Brisbourne, M. A., Chin, S. S., Melnyk, E. & Begg, D. A. Using web-based animations to teach histology. Anat. Rec. 269, 11-19.
https://doi.org/10.1002/ar.10054 (2002).

Michael, J. Where’s the evidence that active learning works?. Adv. Physiol. Educ. 30, 159-167. https://doi.org/10.1152/advan.00053.
2006 (2006).

Brown, P. J. Process-oriented guided-inquiry learning in an introductory anatomy and physiology course with a diverse student
population. Adv. Physiol. Educ. 34, 150-155. https://doi.org/10.1152/advan.00055.2010 (2010).

Vuchkova, J., Maybury, T. & Farah, C. S. Digital interactive learning of oral radiographic anatomy. Eur. J. Dent. Educ. 16, ¢79-87.
https://doi.org/10.1111/j.1600-0579.2011.00679.x (2012).

Jain, N. L. et al. Interactive electronic whiteboards in the medical classroom. in Proc. Annu. Symp. Comput. Appl. Med. Care, 54-58
(1994).

Ferreira, R. et al. The virtual microscope. in Proc. AMIA Annu. Fall Symp., 449-453 (1997).

Dee, E. R. Virtual microscopy in pathology education. Hum. Pathol. 40, 1112-1121. https://doi.org/10.1016/j.humpath.2009.04.
010 (2009).

Gagnon, M. et al. Comparison of cytology proficiency testing: Glass slides vs. virtual slides. Acta Cytol. 48, 788-794. https://doi.
0rg/10.1159/000326447 (2004).

Dee, E. R. et al. Utility of 2-D and 3-D virtual microscopy in cervical cytology education and testing. Acta Cytol. 51, 523-529.
https://doi.org/10.1159/000325788 (2007).

Grant, K. L. Virtual microscopy as a tool for proficiency testing in cytopathology. Arch. Pathol. Lab. Med. 128, 1327. https://doi.
org/10.1043/1543-2165(2004)128%3c1327a:VMAATF%3e2.0.CO;2 (2004) (author reply 1327-1328).

Steinberg, D. M. & Alj, S. Z. Application of virtual microscopy in clinical cytopathology. Diagn. Cytopathol. 25, 389-396. https://
doi.org/10.1002/dc.10021 (2001).

Lee, S. H. Virtual microscopy: Applications to hematology education and training. Hematology 10(Suppl 1), 151-153. https://doi.
0rg/10.1080/10245330512331390249 (2005).

Brick, K. E. et al. Comparison of virtual microscopy and glass slide microscopy among dermatology residents during a simulated
in-training examination. J. Cutan. Pathol. 40, 807-811. https://doi.org/10.1111/cup.12189 (2013).

Leinweber, B. et al. Teledermatopathology: A controlled study about diagnostic validity and technical requirements for digital
transmission. Am. J. Dermatopathol. 28, 413-416. https://doi.org/10.1097/01.dad.0000211523.95552.86 (2006).
Chantziantoniou, N., Mukherjee, M., Donnelly, A. D., Pantanowitz, L. & Austin, R. M. Digital applications in cytopathology:
problems, rationalizations, and alternative approaches. Acta Cytol. 62, 68-76. https://doi.org/10.1159/000484434 (2018).
Kalinski, T. et al. Virtual 3D microscopy using multiplane whole slide images in diagnostic pathology. Am. J. Clin. Pathol. 130,
259-264. https://doi.org/10.1309/qam22y85qcv5jm47 (2008).

Mori, 1., Ozaki, T., Taniguchi, E. & Kakudo, K. Study of parameters in focus simulation functions of virtual slide. Diagn. Pathol.
6(Suppl 1), S24. https://doi.org/10.1186/1746-1596-6-s1-s24 (2011).

Szymas, J. & Lundin, M. Five years of experience teaching pathology to dental students using the WebMicroscope. Diagn. Pathol.
6(Suppl 1), S13. https://doi.org/10.1186/1746-1596-6-s1-s13 (2011).

Harris, T. et al. Comparison of a virtual microscope laboratory to a regular microscope laboratory for teaching histology. Anat.
Rec. 265, 10-14. https://doi.org/10.1002/ar.1036 (2001).

Braun, M. W. & Kearns, K. D. Improved learning efficiency and increased student collaboration through use of virtual microscopy
in the teaching of human pathology. Anat. Sci. Educ. 1, 240-246. https://doi.org/10.1002/ase.53 (2008).

Diaz-Perez, ]. A., Raju, S. & Echeverri, J. H. Evaluation of a teaching strategy based on integration of clinical subjects, virtual
autopsy, pathology museum, and digital microscopy for medical students. J. Pathol. Inform. 5, 25. https://doi.org/10.4103/2153-
3539.137729 (2014).

Lee, B. C. et al. A web-based virtual microscopy platform for improving academic performance in histology and pathology labora-
tory courses: A pilot study. Anat. Sci. Educ. 13, 743-758. https://doi.org/10.1002/ase.1940 (2020).

Tian, Y. et al. Virtual microscopy system at Chinese medical university: an assisted teaching platform for promoting active learning
and problem-solving skills. BMC Med Educ 14, 74. https://doi.org/10.1186/1472-6920-14-74 (2014).

Xiao, J. F, Wu, J. G. & Shi, C. H. Improving experimental teaching facilities and opening up of laboratories in order to raise
experimental teaching quality of genetics. Yi Chuan 33, 1409-1413. https://doi.org/10.3724/sp.j.1005.2011.01409 (2011).

Miller, S. A., Perrotti, W,, Silverthorn, D. U,, Dalley, A. FE. & Rarey, K. E. From college to clinic: Reasoning over memorization is
key for understanding anatomy. Anat. Rec. 269, 69-80. https://doi.org/10.1002/ar.10071 (2002).

Krontiris-Litowitz, J. Articulating scientific reasoning improves student learning in an undergraduate anatomy and physiology
course. CBE Life Sci. Educ. 8, 309-315. https://doi.org/10.1187/cbe.08-11-0066 (2009).

Sturges, D., Maurer, T. W. & Cole, O. Understanding protein synthesis: A role-play approach in large undergraduate human anatomy
and physiology classes. Adv. Physiol. Educ. 33, 103-110. https://doi.org/10.1152/advan.00004.2009 (2009).

Felszeghy, S. et al. Using online game-based platforms to improve student performance and engagement in histology teaching.
BMC Med. Educ. 19, 273. https://doi.org/10.1186/s12909-019-1701-0 (2019).

Johnson, S., Purkiss, J., Holaday, L., Selvig, D. & Hortsch, M. Learning histology—Dental and medical students’ study strategies.
Eur. ]. Dent. Educ. 19, 65-73. https://doi.org/10.1111/eje.12104 (2015).

Bavis, R. W, Seveyka, J. & Shigeoka, C. A. Another strategy for teaching histology to A&P students: Classification versus memo-
rization. Am. Biol. Teach. 62, 365-369 (2000).

Triola, M. M. & Holloway, W. J. Enhanced virtual microscopy for collaborative education. BMC Med. Educ. 11, 4. https://doi.org/
10.1186/1472-6920-11-4 (2011).

Barbaranelli, C., Paciello, M., Biagioli, V., Fida, R. & Tramontano, C. Positivity and behaviour: The mediating role of self-efficacy
in organisational and educational settings. J. Happiness Stud. 20, 707-727. https://doi.org/10.1007/s10902-018-9972-4 (2019).
Khalil, M. K., Kirkley, D. L. & Kibble, J. D. Development and evaluation of an interactive electronic laboratory manual for coopera-
tive learning of medical histology. Anat. Sci. Educ. 6, 342-350. https://doi.org/10.1002/ase.1350 (2013).

Twenge, J. M. Generational changes and their impact in the classroom: Teaching Generation Me. Med. Educ. 43, 398-405. https://
doi.org/10.1111/j.1365-2923.2009.03310.x (2009).

Borges, N. J., Manuel, R. S., Elam, C. L. & Jones, B. J. Differences in motives between Millennial and Generation X medical students.
Med. Educ. 44, 570-576. https://doi.org/10.1111/j.1365-2923.2010.03633.x (2010).

Phan, H. P. & Ngu, B. H. Schooling experience and academic performance of Taiwanese students: the importance of psychosocial
effects, positive emotions, levels of best practice, and personal well-being. Soc. Psychol. Educ. 23, 1073-1101. https://doi.org/10.
1007/s11218-020-09569-9 (2020).

Darda, D. M. Observations by a university anatomy teacher and a suggestion for curricular change: Integrative anatomy for
undergraduates. Anat. Sci. Educ. 3, 73-76. https://doi.org/10.1002/ase.128 (2010).

Scientific Reports |

(2022) 12:5492 | https://doi.org/10.1038/s41598-022-09473-6 nature portfolio


https://doi.org/10.1111/j.1365-2923.2007.02768.x
https://doi.org/10.1111/j.1365-2923.2007.02768.x
https://doi.org/10.1016/j.neulet.2020.135317
https://doi.org/10.1002/ajcp.12284
https://doi.org/10.1002/ar.10054
https://doi.org/10.1152/advan.00053.2006
https://doi.org/10.1152/advan.00053.2006
https://doi.org/10.1152/advan.00055.2010
https://doi.org/10.1111/j.1600-0579.2011.00679.x
https://doi.org/10.1016/j.humpath.2009.04.010
https://doi.org/10.1016/j.humpath.2009.04.010
https://doi.org/10.1159/000326447
https://doi.org/10.1159/000326447
https://doi.org/10.1159/000325788
https://doi.org/10.1043/1543-2165(2004)128%3c1327a:VMAATF%3e2.0.CO;2
https://doi.org/10.1043/1543-2165(2004)128%3c1327a:VMAATF%3e2.0.CO;2
https://doi.org/10.1002/dc.10021
https://doi.org/10.1002/dc.10021
https://doi.org/10.1080/10245330512331390249
https://doi.org/10.1080/10245330512331390249
https://doi.org/10.1111/cup.12189
https://doi.org/10.1097/01.dad.0000211523.95552.86
https://doi.org/10.1159/000484434
https://doi.org/10.1309/qam22y85qcv5jm47
https://doi.org/10.1186/1746-1596-6-s1-s24
https://doi.org/10.1186/1746-1596-6-s1-s13
https://doi.org/10.1002/ar.1036
https://doi.org/10.1002/ase.53
https://doi.org/10.4103/2153-3539.137729
https://doi.org/10.4103/2153-3539.137729
https://doi.org/10.1002/ase.1940
https://doi.org/10.1186/1472-6920-14-74
https://doi.org/10.3724/sp.j.1005.2011.01409
https://doi.org/10.1002/ar.10071
https://doi.org/10.1187/cbe.08-11-0066
https://doi.org/10.1152/advan.00004.2009
https://doi.org/10.1186/s12909-019-1701-0
https://doi.org/10.1111/eje.12104
https://doi.org/10.1186/1472-6920-11-4
https://doi.org/10.1186/1472-6920-11-4
https://doi.org/10.1007/s10902-018-9972-4
https://doi.org/10.1002/ase.1350
https://doi.org/10.1111/j.1365-2923.2009.03310.x
https://doi.org/10.1111/j.1365-2923.2009.03310.x
https://doi.org/10.1111/j.1365-2923.2010.03633.x
https://doi.org/10.1007/s11218-020-09569-9
https://doi.org/10.1007/s11218-020-09569-9
https://doi.org/10.1002/ase.128

www.nature.com/scientificreports/

59. Dowaliby, E. J. & Schumer, H. Teacher-centered versus student-centered mode of college classroom instruction as related to manifest
anxiety. J. Educ. Psychol. 64, 125-132. https://doi.org/10.1037/h0034590 (1973).

60. Mollman, S. & Bondmass, M. D. Intentional learning: A student-centered pedagogy. Int. J. Nurs. Educ. Scholarsh. https://doi.org/
10.1515/ijnes-2019-0097 (2020).

61. Meng, X. et al. Using a novel student-centered teaching method to improve pharmacy student learning. Am. J. Pharm. Educ. 83,
6505. https://doi.org/10.5688/ajpe6505 (2019).

62. Kumar, R. K,, Freeman, B., Velan, G. M. & De Permentier, P. J. Integrating histology and histopathology teaching in practical classes
using virtual slides. Anat. Rec. B New. Anat. 289, 128-133. https://doi.org/10.1002/ar.b.20105 (2006).

63. Collier, L., Dunham, S., Braun, M. W. & O’Loughlin, V. D. Optical versus virtual: Teaching assistant perceptions of the use of virtual
microscopy in an undergraduate human anatomy course. Anat. Sci. Educ. 5, 10-19. https://doi.org/10.1002/ase.262 (2012).

64. Smith, M. K. et al. Why peer discussion improves student performance on in-class concept questions. Science 323, 122-124. https://
doi.org/10.1126/science.1165919 (2009).

65. Zhang, ]. & Cui, Q. Collaborative learning in higher nursing education: A systematic review. J. Prof. Nurs. 34, 378-388. https://
doi.org/10.1016/j.profnurs.2018.07.007 (2018).

66. Kirby, C. S. Using share-out grids in the online classroom: From icebreakers to amplifiers. Biochem. Mol. Biol. Educ. 48, 538-541.
https://doi.org/10.1002/bmb.21451 (2020).

67. Reyescruz, M. & Sonn, C. C. (De)colonizing culture in community psychology: Reflections from critical social science. Am. J.
Community Psychol. 47, 203-214. https://doi.org/10.1007/s10464-010-9378-x (2011).

68. Brueggeman, M. S., Swinehart, C., Yue, M. J., Conway-Klaassen, J. M. & Wiesner, S. M. Implementing virtual microscopy improves
outcomes in a hematology morphology course. Clin. Lab. Sci. 25, 149-155 (2012).

69. Goldberg, H. R. & Dintzis, R. The positive impact of team-based virtual microscopy on student learning in physiology and histol-
ogy. Adv. Physiol. Educ. 31, 261-265. https://doi.org/10.1152/advan.00125.2006 (2007).

70. Polakova, P. & Klimova, B. Mobile technology and generation Z in the english language classroom—A preliminary study. Educ.
Sci. https://doi.org/10.3390/educsci9030203 (2019).

71. Cilliers, E. J. Reflecting on social learning tools to enhance the teaching-learning experience of generation Z learners. Front. Educ.
https://doi.org/10.3389/feduc.2020.606533 (2021).

72. Shorey, S., Chan, V., Rajendran, P. & Ang, E. Learning styles, preferences and needs of generation Z healthcare students: Scoping
review. Nurse Educ. Practice. https://doi.org/10.1016/j.nepr.2021.103247 (2021).

73. Chunta, K., Shellenbarger, T. & Chicca, J. Generation Z students in the online environment: Strategies for nurse educators. Nurse
Educ. 46, 87-91. https://doi.org/10.1097/nne.0000000000000872 (2021).

74. Bloodgood, R. A. Active learning: A small group histology laboratory exercise in a whole class setting utilizing virtual slides and
peer education. Anat. Sci. Educ. 5, 367-373. https://doi.org/10.1002/ase.1294 (2012).

75. Grzych, G. & Schraen-Maschke, S. Interactive pedagogical tools could be helpful for medical education continuity during COVID-
19 outbreak. Ann. Biol. Clin. (Paris) 78, 446-448. https://doi.org/10.1684/abc.2020.1576 (2020).

76. Hamilton, P. W,, Wang, Y. H. & McCullough, S. J. Virtual microscopy and digital pathology in training and education. APMIS 120,
305-315. https://doi.org/10.1111/j.1600-0463.2011.02869.x (2012).

77. Neel, J. A, Grindem, C. B. & Bristol, D. G. Introduction and evaluation of virtual microscopy in teaching veterinary cytopathology.
J. Vet. Med. Educ. 34, 437-444. https://doi.org/10.3138/jvme.34.4.437 (2007).

Author contributions

J.Q. and G.C. contributed equally to this work, performed experiments, drafted the manuscript, analysed the
data, and validated the results. X.Q.N. and Y.Y performed experiments, analysed the data, and validated the
results. Z.L. and W.Z. served as co-corresponding authors, performed experiments, analysed the data, validated
the results, and revised the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to W.Z. or Z.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:5492 | https://doi.org/10.1038/s41598-022-09473-6 nature portfolio


https://doi.org/10.1037/h0034590
https://doi.org/10.1515/ijnes-2019-0097
https://doi.org/10.1515/ijnes-2019-0097
https://doi.org/10.5688/ajpe6505
https://doi.org/10.1002/ar.b.20105
https://doi.org/10.1002/ase.262
https://doi.org/10.1126/science.1165919
https://doi.org/10.1126/science.1165919
https://doi.org/10.1016/j.profnurs.2018.07.007
https://doi.org/10.1016/j.profnurs.2018.07.007
https://doi.org/10.1002/bmb.21451
https://doi.org/10.1007/s10464-010-9378-x
https://doi.org/10.1152/advan.00125.2006
https://doi.org/10.3390/educsci9030203
https://doi.org/10.3389/feduc.2020.606533
https://doi.org/10.1016/j.nepr.2021.103247
https://doi.org/10.1097/nne.0000000000000872
https://doi.org/10.1002/ase.1294
https://doi.org/10.1684/abc.2020.1576
https://doi.org/10.1111/j.1600-0463.2011.02869.x
https://doi.org/10.3138/jvme.34.4.437
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Implementation of an interactive virtual microscope laboratory system in teaching oral histopathology
	Materials and methods
	Course context. 
	Participants. 
	Laboratories. 
	Traditional histopathology laboratory for LM group. 
	Advanced histopathology laboratory for IVMLS group. 

	Conduct of laboratory courses. 
	Traditional laboratory courses. 
	Advanced histopathology laboratory courses. 

	Assessments and assignments. 
	Questionnaire survey. 

	Results
	Discussion
	A flip of classroom mode. 
	An inclusive environment. 
	Cumulative impact of IVMLS. 
	An educational method suitable for generation Z students. 
	Potential application value of IVMLS. 

	Limitations
	Conclusion
	References


