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Abstract

This integrative review summarizes the scientific evidence about the use of information and
communication technologies in the teaching of histology and discusses its implications. The
authors used the descriptors “Educational Technology”, “Information Technology”,
“Histology”, “Teaching”, “Learning”, and their corresponding Portuguese translation for a
comprehensive search of the published literature. This research was performed in May 2020
and targeted the PubMed, SciELO, LILACS, WOS, and SCOPUS databases. Studies
published between 2010 and 2020 in Portuguese, English, and Spanish were included in the
analysis. After excluding dissertations, reports and duplicate reviews, 11 articles were
identified for an in-depth analysis, which discussed the use of different technologies: digital
platforms, mobile apps, virtual microscopy, and video classes for the teaching of histology.

All studies concluded that these technologies could have a considerable impact, both positive

and negative, on academic performance, the correct interpretation of histological structures, as
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well as students’ motivation and satisfaction. The authors’ analysis indicates that the use of
the above-mentioned technologies in combination with traditional methods have the potential
of transforming the teaching and learning process for histology. However, how such

technologies impact students’ learning success needs to be carefully considered.

Descriptors: Digital Information and Communication Technologies; Teaching; Education;

Histology.

INTRODUCTION

The advent of computers and digitized images had a great impact on education in
general, but particularly on the morpho-functional sciences that are highly dependent on the
intensive use of images (Bloodgood and Ogilvie, 2006). In biomedical education, curricular
changes affecting basic science courses have contributed to an increased use of Digital
Information and Communication Technologies (DICT). Many educational institutions are
faced with such changes, often caused by financial constraints which resulted in a reduced
length for students’ laboratories sessions (Drake et al., 2014; Rheingantz et al., 2019). The
aim of this increased use of DICT is to maintain or improve the quality of teaching for these
basic science subjects, to use teaching time more efficiently, as well as to offer more
theoretical and practical content (Rheingantz et al., 2019).

Including a wide variety of computer systems, hardware and software, as well as
Internet technologies and mobile apps, DICT encompass technological strategies that allow
users to easily create, access, store, transmit, and manipulate information (Sallai, 2012). For
students, the addition of or the increased access to these technologies allows them to
individualize their pace of learning and it stimulates the development of research and
creativity in and outside of the classroom (Nobrega et al., 2018).

From this perspective, the use of DICT for the teaching of histology represents an
excellent choice for this subject which is based on the recognition and analysis of images.
Especially virtual microscopy and interactive virtual atlases offer students panoramic views of
microscopic samples and allow detailed and in depth analyses of histological structures and
foster learning through informative texts, including those highlighted by moving the cursor

over the image (Chapman et al., 2020; Nwizu et al., 2017). DICT also allow students access
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to content anytime and anywhere, as well as provide interactivity and learning opportunities
that are normally guided by an educator (Donkin et al., 2019).

In addition to these benefits, the use of virtual microscopy for histology permits the
observation of an image by more than one student at the same time (Alotaibi and ALQahtani,
2016). In the medium and long term, the duplication of digital images, their easy storage,
sharing, management and indefinite use and/or the use of virtual microscopy offer a
significant reduction of costs when compared with the production and maintenance of glass
slides and the purchase of light microscopes. Furthermore, hard-to-obtain and rare biological
specimens become more accessible to all students (Sallai, 2012; Nwizu et al., 2017).

Regarding students’ learning success in histology, published studies give contradictory
outcomes when comparing the use of DICT with traditional histology instruction. Some
studies report an improvement in students’ performance after the introduction of new
technological resources (Naurhia and Ramdass, 2019) and even suggest the complete
substitution of traditional lectures in favor of e-learning strategies (Gadbury-Amyot et al.,
2013). In addition, most students prefer e-learning resources (Holaday et al., 2013; Johnson et
al., 2015). However, other researchers reported no significant improvement in the academic
performance of students using digital technologies in their histology learning process (Garcia-
Iglesias et al., 2018).

As a result, some studies recommend the use of DICT only as complementary strategies
to traditional histology education adding a new learning experience and improving the quality
of histology education (Bains et al., 2011; Kuo and Leo, 2019). As a consequence, the debate
over the importance of traditional microscopy for the development of skills of health
professionals during clinical practice is still ongoing (Tian et al., 2014; Hortsch, 2013).

To better understand the real impact and possible benefits for students and health
professionals of introducing DICT for histology education by institutions of higher education,
this study was conducted to identify and evaluate the scientific evidence about the use of
DICT for this specific basic biomedical subject. This review may also help educators and
students, who had to adapt to social distance learning during the COVID-19 pandemic, as
mentioned in the publications of Darici et al. (2021) and Amer and Nemengqani (2020), to

better understand the use of DICT for teaching and learning histology.

MATERIALS METHODS
This research consists of an integrative review of the literature focusing on the use of

DICT for the teaching of histology. In addition, it identified gaps in the literature that need to
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be filled (Botelho et al., 2011). It also critically analyzes the existing scientific evidence on
the subject investigated.

This review was developed following a step by step strategy: - identification of the
theme and drafting the research question; - definition of databases and establishment of
inclusion and exclusion criteria of the studies; - determination of information to be obtained
from the studies; - evaluation of the studies included in the integrative review; - interpretation
of results; - presentation of the review (Botelho et al., 2011).

Drafting the study’s guiding question

To draft the study’s guiding question, we used the strategy Population, Variables and
Outcomes (PVO), which is recommended for this type of study (Faram et al., 2014). Thus, as
Population (P), the Teaching of Histology was established; as variables (V), the Digital
Information and Communication Technologies (DICT); and as Outcomes (O), we opted to
investigate the implications, which resulted in the formulation of the following guiding
question: What are the implication of the use of Digital Information and Communication
Technologies for the teaching of histology?

Search method and selection of publications

The search and selection of publications took place in May 2020. The following
databases were used: United States National Library of Medicine (PubMed), Scientific
Electronic Library Online (SciELO), Latin American and Caribbean Health Sciences
Literature (LILACS, in Portuguese), Web of Science (WOS) and Scopus. We used descriptors
from the Medical Subject Headings (MESH) and Health Science Descriptors (DECS, in
Portuguese), represented by “Educational Technology”, “Information Technology”,
“Histology”, “Teaching” and “Learning” and their corresponding translation in Portuguese.
They were combined with the Boolean operators “AND” and “OR” for the simultaneous
occurrence of these subjects.

Inclusion and exclusion criteria

For this analysis, we included articles published in Portuguese, English and Spanish,
between 2010 and 2020. We eliminated duplicates among various databases, as well as
reviews, dissertations and reports. To focus only on the most recent publications in the field, a
ten-year time period was chosen. We followed the methodology of “Preferred Reporting
Items for Systematic Reviews and Meta-Analyses” (PRISMA) for the selection of studies
(Shamseer et al., 2015).
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Figure 1 — Flowchart describing the identification of studies used for this integrative review.

To ensure a greater reliability of data/references collected, the search and analysis
(inclusion or exclusion of relevant publications) was carried out independently by two
researchers (Zoltowski et al., 2014).

Data extraction and synthesis

The following information was extracted from the selected publications: - database and

journal where the study was published; - authors; - year of publication; - study’s country of

origin; - type of study; - type of DICT; - objective; - main results.

RESULTS

Of the 11 articles included in this study, seven or 63.63% were found in Web of
Science, three or 27.27% in Scopus and one or 9.09% in PubMed. 27.27% (n = 3) of the
selected articles were published in the journal BMC Medical Education, 18.18% (n = 2) in
Anatomical Sciences Education, and the remaining in six other scientific journals. Regarding
the year of publication, 27.27% (n = 3) of the articles were published in 2019, 18.18% (n = 2)
in 2018, and 18.18% (n = 2) in 2013. Most selected publications were published by authors
located in the United States (27.27% — n = 3), and (18,18% — n = 2) by authors located in
Finland (Table 1).
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Regarding the type of study, experimental research articles were represented with

27.27% (n = 3), followed by quasi-experimental with 27.27% (n = 3), and cohort studies with
18.18% (n = 2). Considering all the studies included in this review, 36.36% (n = 4) and

27.27% (n

3) addressed online platforms and mobile apps as Digital Information and

Communication Technologies, respectively. Most of the studies involved undergraduate

medical students (54.54% - n = 6) and a smaller number undergraduate veterinary medicine

students (9.09% -n=1).

Table 1 Characterization of publications included in this review, by database, journal,

authors, year, country, type of study, and type of technology investigated.

N. Database Journal Authors Country Type of study Type of Undergradu
and Year DICT* ate Course
1 PubMed BMC Medical Felszeghy et Finland Quasi- Mobile app Medicine
Education al., 2019 Experimental and
Dentistry
2 Web of BMC Medical Donkin et Australia Quasi- Online Medicine
Science Education al., 2019 Experimental platform
3 Web of Indian Journal Samal & United States Randomized Virtual Medicine
Science of Pathology Prakash, of America Control microscopy
and 2019
Microbiology
4 Web of BMC Garcia- Spain Quasi- Online Veterinary
Science Veterinary Iglesias et Experimental platform Medicine
Research al., 2018
5 Scopus Academic Parker etal.,  United States Cohort Mobile app Medicine
Pathology 2017 of America
6 Scopus Anatomical Selvig etal.,,  United States Descriptive Recorded Medicine
Sciences 2015 of America lectures,
Education online
virtual
microscopy
7 Web of International Becerra et Chile Experimental Online Dentistry
Science Journal of al., 2015 platform
Morphology
8 Web of BMC Medical  Tian et al., China Experimental Virtual Medicine
Science Education 2014 microscopy
9 Scopus Journal of Gadbury-A  United States Cohort Online Dentistry
Dental myot et al., of America platform
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10

11

Education 2013
Web of Anatomical Helle et al.,
Science Sciences 2013

Education
Web of Procedia - Golchai et
Science Social and al., 2012

Behavioral

Sciences

Finland Experimental Online Medicine
platform
Iran Clinical trial Mobile app Medicine
and
Dentistry

*Digital Information and Communication Technologies.

A majority of studies evaluated the effects on students’ academic performance and

compared DICT with traditional methods of instruction. The academic performance, precision

in the diagnostic of histological structures, interactivity, flexibility of time and space,

students’ motivation, and satisfaction were analyzed and how these variables were influenced

by DICT.

Table 2 Synthesis of information about the articles included in the review, according to

objective, main results and recommendations.

Objective

Main results

Investigated if Medicine and Odontology
students using Kahoot participated more in
the course and performed better in tests than
students, who didn’t use technology in their
histology course.
Analyzed whether students, who were
enrolled in a science program for medical
laboratories, engaged more with the theme
and had higher grades, when receiving input
from online videos and other resources.
Compared the performance of students on
tests after

standardized learning

histopathology with optical or virtual
microscopy.

Evaluated the usefulness of mixed class
support in two basic courses of Veterinary
Sciences to optimize the efficacy of the
student support in a college environment.

Evaluated the effect of a web app on

Didn’t observe significant differences in the average
scores between groups. Students, who received education
based on gamification had higher grades in tests, expressed
satisfaction with the game, reported self-confidence,
interactivity, and preferred to play in groups.

Students who watched videos about specialized histology
techniques or concluded an e-learning online module,
showed significant increases in their final score. An
increase in voluntary engagement was observed for the
video group.

Students who used virtual microscopy showed better
performance in both phases of the study. Most students
expressed a preference for virtual microscopy.

Didn’t find significant differences between courses
without mentorships and with mentorships. However,
observed an increase in approval rates when online
mentorship took place.

The app

significantly increased precision in the
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diagnostics, confidence and interest in

histology in a cohort of medical students in
the the

second year at Washington

University School of Medicine.

identification of histological structures. Students reached
100% precision in most organs and more than 95%

precision in 14 of 19 organs in the post-test.

6  Correlated academic performance in Students who reported previous experience with
histology with educational motivation, histology/pathology, perception that histology is important
learning strategy, and wuse of specific for their professional career and participated in learning
learning resources. guided by teachers had increased scores. Students who

preferred to watch lecture videos, instead of in-person
classes, exhibited a significantly lower academic
performance.

7  Compared the academic performance and The group that used both systems had a greater percentage
perception of students about three learning of correct answers for diagnostic and identification
methods in the teaching of histology: digital questions of tissue structures, in addition to obtaining
versus  optical microscopy, and a significantly higher scores than the group that used only
combination of both. the digital system. Most students reported feeling

motivated by the use of traditional method.

8  Described and discusses the use of virtual There was no substantial difference between the two
microscopy for undergraduate students and groups in the average score. The group that used virtual
evaluates the effects of promoting active microscopy had better results in the categories
learning and problem-solving skills. “identification of tissue structure” and “case analysis

questions”.

9  Described the transition of an oral histology Students in the online teaching modality had significantly
course, from a traditional format to online higher average grade compared to students in the
hybrid. traditional teaching modality.

10  Evaluated students’ reactions and the impact The experimental group had a significant increase in the
of various measures on increasing the average grades in the exam carried out one week after the
understanding of histopathology beginning of the course about knowledge of cells and
emphasizing the knowledge of normal cells tissues. Regarding knowledge of histopathology, the
and tissues. control group had significantly higher average scores.

11 Compared the effect of e-learning in a Results indicated that the intervention group had
histology course for students from the significantly higher average scores. The failure ratio in the
University of Medical Sciences of Guilan. intervention group was lower than in the control group.

DISCUSSION

This integrative review summarizes the scientific evidence for the use of DICT in the
teaching of histology and its impact. The importance of this study is based on the observation
that DICT are increasingly present in most students’ lives and are resources that offer new

opportunities to interact and to create spaces to support the teaching-learning process (Donkin
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et al., 2019; Helle et al., 2013). Understanding their impact on the teaching of histology will
contribute to maximize their potential and may direct future research in the field of
morphological education.

Based on the number of studies identified in this report and comparing it with similar
analyses in other fields of knowledge, research discussing the use and perspectives of DICT
on the teaching of histology still requires additional work. Considering the distribution of the
studies among the different databases, the relevance of the subject discussed in this report is
evident, even though a large number of articles was listed in only one database. Furthermore,
our results also indicate the importance of DICT for education in other health science fields
(Mongeon and Paul-hus, 2014).

Over recent years more and more studies have been published in a wider variety of
journals analyzing and discussing the use of DICT in curricular development, performance
evaluations, and in evidence-based medicine. Our results also indicate the importance of e-
learning technologies for education of other health science subjects (Rheingantz et al., 2019).

Most of the studies discussed in this review originate from the United States, indicating
that significant changes have been implemented in histology education in that country. The
main driving forces for this development are a reduction in the course load, time dedicated to
anatomy instruction, the costs associated with the upkeep of optical microscopy laboratories,
as well as the desire to improve the quality of histology education (Bloodgood and Ogilvie,
2006; McBride and Drake, 2018).

Most of the studies identified in our analysis are of an experimental or quasi-
experimental research nature, evaluating the results obtained after the implementation of
DICT for the teaching of histology. In fact, these study types are considered the gold standard,
since they use more rigorous research methods and consider the interference of casual
relationships. To that end, they involve manipulation, control and randomization (Polit and
Beck, 2019).

According to Chapman et al. (2020), virtual microscopy can be defined as a software or
app which works as a digital interface to simulate conventional microscopy. However, it is
not difficult to find studies relating virtual microscopy to DICT. The possibility to zoom in or
zoom out part of a histology image is another crucial concept to characterize the virtual
microscope (Lima; Rodrigues; Oliveira, 2020) while DICT, constitute technological strategies
allowing users to easily create, access, store, transmit, and manipulate information (Sallai,

2012).
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The most common technologies identified in this review were online platforms
(Gadbury-Amyot et al., 2013; Garcia-Iglesias et al., 2018; Becerra et al., 2015; Tian et al.,
2014; Helle et al., 2013; Felszeghy et al., 2019) and mobile apps (Felszeghy et al., 2019;
Parker et al., 2017). This was not unexpected as over the recent past these resources have
become important for the creation, transmission and dissemination of knowledge (Sallai,
2012; Becerra et al., 2015). In addition, they allow for the design of a more flexible teaching
environment (Helle et al., 2013) and for more innovative learning experiences (Gadbury-
Amyot et al., 2013).

Another type of technology discussed in these studies was virtual microscopy (Naurhia
and Ramdass, 2019; Tian et al., 2014), which is based on the complete, high-resolution
digitization of tissue samples on glass slides. These digital files can subsequently be observed
on computer screens, tablets or smartphones with Internet access using a specialized viewer
software (Chapman et al., 2020; Mione et al., 2013). This technology provides high-quality
histological and pathological images to students. They can also be highlighted, annotated, and
viewed at different levels of magnification (Chapman et al., 2020; Naurhia and Ramdass,
2019). Virtual microscope has many advantages for the study of cellular and tissue structures
when compared to the traditional method, the use of glass slides and light microscopes. These
advantages include easy access to learning material inside and outside of the laboratory,
overcoming limitations of space, unavailability of equipment and rare specimens (Tian et al.,
2014), and upkeep costs (Mione et al., 2013; Lee et al., 2018). In addition, the virtual
microscope enables an unlimited number of students to observe the same high quality slides,
which can be analyzed and discussed in group settings (Tian et al., 2014).

The use of video recorded lectures and instructional sessions is also mentioned in some
reviewed articles (Donkin et al., 2019; Selvig et al., 2015). This is another important new
technology in the teaching-learning environment for histology. Since this approach allows for
a combination of visual and auditory sensations a limited emotional teaching experience is
possible (Bruno, 2010; Lima et al., 2019), as well as the sharing of content with clarity and
dynamism, a connection with the students may be established and consequently learning and
the development of skills are fostered (Lima et al., 2019).

Different digital technologies for teaching and learning histology, cytology, and
histopathology have been applied in medicine, dentistry, and veterinary medicine
undergraduate courses. These resources represent an opportunity for pedagogical innovation
(Gadbury-Amyot et al., 2013; Gatumu et al., 2014; Garcia-Iglesias et al., 2018; Felszeghy et
al., 2019), especially for the active participation of students in the process of building their
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knowledge and for sharing learning responsibilities. In addition, they allow for active
interactions with the digital technologies and for more flexibility in the teaching and learning
process once it is independent of space and time (Gatumu et al., 2014).

It is important to point out that most studies were conducted with medical students.
Only one survey was conducted with veterinary medicine students (Garcia-Iglesias et al.,
2018). This may be connected to changes in modern medical curricula, which call for more
significant investments in technologies supporting education (Kuo and Leo, 2019) and clinical
applications such as telepathology (Sagun and Arias, 2018; Darici et al., 2021).

Considering the publications discussed in this review, most of the students participated
in first or second year undergraduate courses. Only three publications reported that students
had previously studied cell biology, histology, and human physiology. Overall, prior
experiences with educational technology may influence the ability of students to use
conventional or virtual microscopy and to identify histological structures, utltimately
impacting their academic performance. Previous exposure to histology and an undergraduate
degree in science have been shown to correlate positively with academic performance in
medical histology (Selvig et al, 2015).

Although two studies identified in this review found no difference in academic
performance after the introduction of e-learning strategies (Garcia-Iglesias et al., 2018;
Felszeghy et al., 2019), most studies reported statistically significant increases in the scores of
students, who learned histology using technological information and communication
resources, when compared to those using only traditional methods (Donkin et al., 2019;
Naurhia and Ramdass, 2019; Gadbury-Amyot et al., 2013; Becerra et al., 2015; Helle et al.,
2013; Golchai et al., 2012). These results give credence to DICT elevating students’ learning
success in histology.

In a study that evaluated the use of a mobile app by medical students at Washington
University, students with access to the app exhibited significant increases in their ability of
identifying histological structures and in their confidence and motivation to explore additional
histological resources. These findings were considered beneficial for the teaching and
learning process (Parker et al., 2017).

Another important factor in the learning process is the motivation of students.
Motivated students are more active and participative in class and more proactive in
knowledge acquisition and in obtaining more information (Marcuzzo et al., 2019; Selvig et al,

2015). Teaching practices requiring a more active participation by students and a greater
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involvement with the taught subject are more effective in knowledge retention (Guardia et
al., 2019).

In almost all studies, the authors reported that DICT have transformed the teaching and
learning of histology by increasing the flexibility of time and space for the learning process.
In a study carried out in Finland that investigated medicine and odontology students during
their first year of professional school, researchers evaluated the effect of gamification (gaming
software Kahoot) on their learning of and interest in histology. Some results improving the
students’ learning success were highlighted, such as self-confidence, interactivity and a
preference to play in groups/teams (Felszeghy et al., 2019). Similar results were also reported
in other studies included in this review (Donkin et al., 2019; Becerra et al., 2015; Parker et al.,
2017).

DICT allow teachers and monitors to use various teaching strategies that contribute to
the student's cognitive development. We highlight the use of gamification, video lessons, e-
mails and social networks to help students get involved, to participate, and to get motivated
for learning histology (Brandao et al., 2020; Santos, 2021). In addition to information
accessibility, the game makes the teaching and learning process more fun and pleasurable,
hence encouraging students to take on a leadership role (Brandao et al., 2020).

On the other hand, despite the many advantages of DICT, the reviewed studies also
raise some questions about the use of these resources in the teaching of histology. It was
noted that the introduction of DICT may have negative effects, such as a decrease in
attendance and procrastination, as well as a lack of student participation in practical lessons,
since they believe learning histology without teacher guidance is possible (Helle et al., 2013;
Selvig et al., 2015; Zureick et al., 2018).

Therefore, it is of great importance that teachers create learning environments that
stimulate students’ participation in discussions and activities and ensure their engagement
with the material by accessing the platform/indicated material and by responding to feedback
about their academic performance (Gadbury-Amyot et al., 2013; Helle et al., 2013). Indeed,
the use of DICT in education requires students to be actively involved in reading the material
and performing the required educational tasks (Gadbury-Amyot et al., 2013).

Another issue concerns the use of static images for the teaching of histology. This
approach doesn’t replicate the use of traditional light microscopes and can negatively affect
students’ academic performance (Becerra et al., 2015). In addition, most DICT resources
require Internet access (Golchai et al., 2012), which can limit their use, especially in

developing countries. Other aspects, such as the student's lack of physical contact with
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biological material, familiarity with histological techniques or the three-dimensional
observation of tissues, can be considered the biggest drawback if the use of a microscope in
clinical practice or experimental research is needed in the learner’s professional future (Faram
et al., 2014).

It is important to consider that the methodology used to generate new resources or
learning strategies was not always sufficiently described in the reports discussed in this
analysis. The absence of this information raises questions about the validity of the conclusion
presented. Educational technologies must be created based on trustworthy and reliable
information and also present the topic in a way that students understand what is being asked
of them and how they will be able to apply the newly acquired knowledge (Benevides et al.,
2016).

Although great care was taken to identify the main publications that address the theme
investigated, the number of electronic databases searched may be considered as a possible
limitation of this review. Some relevant publications may not be listed in the databases used
for this analysis. The use of only English and Portuguese descriptors may also have reduced
the number of identified publications. In addition, the adopted time frame for the published
studies may have limited this review. Moreover, there were some studies with restricted
access. Only articles with free access and available in full were included. In a future review, it
would be desirable to expand the search to additional databases and to include newer studies.
This would further clarify and elucidate the implications of using DICT for the teaching of
histology.

CONCLUSION

In this integrative review, we identified published studies discussing the use of
information and communication technologies for the teaching of histology and their impact on
learning. The number of studies identified is low and they mostly describe the situation in
developed countries such as the United States and Finland. The technologies discussed in
these studies were online platforms, mobile apps, virtual microscopy, and the use of video-
recorded instruction. These technologies in combination with traditional teaching methods
have the potential to transform the teaching-learning process for histology. When properly
integrated into the curriculum, they have a considerable potential to positively impact
academic performance, improve histological identification skills, enable interactive learning,

provide time flexibility, as well as boost students’ satisfaction and motivation.
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Due to the limited number of scientific studies addressing the impact of technology on
histology teaching and learning, we recommend additional research, using well-defined

methodologies with scientific validation, to clarify its impact on students’ learning success.
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