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A high-quality medical education system is necessary because it provides the framework for reliable and 
excellent clinical outcomes. It is essential that medical professionals acquire systematic knowledge 
about the structures of different diseases. Doing so, however, requires a histology course that 
emphasises the importance of learning background information about a range of ailments. The 
theoretical literature affirms a unique medical curriculum as a learning style that allows students to 
become competent in their future clinical practice. The current study analysed the effects of medical 
students’ attitudes towards the clinical importance of histology. The researcher utilised a qualitative 
research methodology that provided descriptive statistics to report the findings. The analysis depended 
on questionnaire data of 80 students. At least 71 (88.8%) agreed that histology knowledge would help 
them greatly in their future clinical practice. Moreover, 69 (86.8%) agreed that histology is of great 
importance for further medical education, with 60 (75%) agreeing that histology is a useful tool for 
acceptable medical practice. Finally, whether histology is a necessary evil in laboratory medicine drew 
mixed results [(disagree, 18, 17.5%); (agree, 44, 55.1%); neither agree nor disagree, 22, 27.5%)]. These 
statistics on laboratory medicine are controversial because one would expect a medical education 
syllabus to provide flexibility for promoting specialisation in the field. Nonetheless, the overall results 
support existing studies that histology offers the preferred pathway for knowledge acquisition among 
medical students for their significant role performance in clinical practice. Sustainability of the medical 
education system is associated with a reliable syllabus to promote a histology program for in-depth 
learning and acceptance of the discipline.  
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INTRODUCTION 

Students’ perceptions and attitudes towards 
histology and its importance to clinical practice 
vary based on different factors. Clinical and pre-
clinical medical practice requires that aspiring 
students undertake histology and embryology as 
prerequisites, as these courses enhance the 
students’ understanding of the complexity of cell 
and tissue organisation (Zaletel et al. 2016). While 
the clinical importance of histology cannot be 

overlooked, it is crucial to understand the attitudes 
and perceptions of medical students towards this 
study, as it determines their performances in the 
course. 

Quality clinical practice cannot be 
overemphasised, based on the necessity to report 
consistent and excellent healthcare outcomes 
while relying on medical practitioners’ professional 
knowledge. The significance attached to histology 
as a pivotal learning approach is therefore 
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essential (Zaletel et al. 2016). Histology 
emphasises the close examination of normal 
tissue morphology as a core medical curriculum 
element to enable a learner to develop a 
fundamental background regarding the collective 
working of body organs (Simok, Yusoff, Noor, 
Asari & Kasim, 2019). Additionally, Pichat, 
Iglesias, Yousry, Ourselin and Modat (2018) 
assert that histology permits the detection of the 
internal structure of specimens. According to 
Narayanan and Ananthy (2018), the dynamic 
nature of embryology is of great concern because 
undergraduates struggle to meet the requirement 
to understand the practice. However, students 
must realise that they must match their skills to 
the demands of this sphere of interest to reap the 
benefits of the reliable diagnostic purpose. In that 
sense, the relationship between histologic 
knowledge and clinical practice needs close 
examination, emphasising the need to analyse the 
attitudes of medical students regarding the 
subject. 

The theoretical literature has emphasised the 
need for upholding clinical importance among 
undergraduates so that they can take advantage 
of a learning style that allows them to become 
competent in their field during their future medical 
practices. Among undergraduates, histology acts 
as a vital fundamental foundation for promoting 
clinical knowledge and research (Ansari, Latiff & 
AbManan, 2018). Moxham et al. (2017) identified 
the existing research gap in comparing medical 
students’ attitudes and gross anatomy. The 
study’s findings have generated fundamental 
interest. A scholar interested in assessing the 
extent to which a learner’s opinion about histology 
can affect their future medical role performance 
can find it worthwhile to perform research in this 
context.  

A study that examined the reality of treating 
the condition of chronic autoimmune hepatitis 
reported that the associated complexities of the 
disease call for an in-depth understanding of 
practical treatment approaches because such an 
arrangement is the only appropriate measure to 
improve diagnostic practices and to optimise the 
recommended therapy (Sebode et al., 2018). Still, 
according to Zaletel et al. (2016), histology and 
embryology are the minimum criteria that facilitate 
the reasonable comprehension of cell and tissue 
functionality. In the same manner, Cheng, Chan, 
Li and Yang (2020) recognised the significance of 
histology and embryology courses as mainstays 
of medical curricula that affect medical students’ 
quality. However, the importance of acquiring 

such a crucial familiarity has not resounded well 
among the learners in these disciplines. A study to 
examine the attitudes of medical students towards 
the clinical importance of histology bridges a 
research gap, which allows interested parties to 
appreciate the current and future opportunities of 
histological knowledge for a sustainable clinical 
practice.  

The current paper argues that medical 
students’ attitudes towards the clinical importance 
of histology affect their approach to sustainable 
learning. The discipline is essential in medical 
education because it assists students to 
comprehend typical cell structure and pathology 
but not without having the right attitude. The 
research question that spearheaded this work is 
‘What are the effects of medical students’ 
attitudes towards the clinical importance of 
histology? 
  
MATERIALS AND METHODS 

While the clinical importance of histology 
cannot be overlooked, it is crucial to understand 
the attitudes and perceptions of medical students 
towards this study, as it determines their 
performances towards the course. This study took 
place at the Faculty of Applied Medical Sciences, 
University of Tabuk, Saudi Arabia. 

To better understand the attitudes of medical 
students towards the clinical importance of 
histology, a survey focusing on seven items and 
measured according to a 5-point Likert scale was 
conducted. The survey involved 80 participants 
and focused on the importance of histology to the 
students. 

This research article aimed to analyse the 
effects of medical students’ attitudes towards the 
clinical importance of histology. Thus, the study 
required a survey questionnaire to facilitate data 
collection and analysis. The researcher utilised a 
qualitative research methodology that provided 
descriptive statistics to report the findings. The 
research design used was a 5-point Likert Scale 
Survey, as follows: (1) Strongly disagree; (2) 
Disagree; (3) Neither agree nor disagree; (4) 
Agree; and (5) Strongly agree. The advantage 
attributed to this tool is that it allows the 
respondent to choose from the provided options 
rather than making them struggle or feel 
inconvenienced when they are required to think 
when responding to a question.  

Therefore, the subjects’ opinions were well 
captured to measure their attitudes. Closed-ended 
questions are beneficial to a study when gathering 
data because the approach is popular for 
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revealing opinions. Moreover, in the education 
realm, attitude and behaviour are related in that 
the existing relationship between them informs the 
learning outcome and practice development 
(Marcinkowski & Reid, 2019). On the one hand, 
an instrument that assists a researcher in 
collecting data to show the impact of the variables 
in an educational program is of great importance. 
On the other hand, the Likert scale does not 
provide any leeway for identifying whether a 
respondent provided their opinions as a valid 
value. Nonetheless, overall, the tool facilitates 
collecting and reporting data for improvement in 
an area of interest. In the current study, the 
instrument helped capture the students’ 
responses using a set of statements and one 
question.  

Questionnaire statements and a question: 
1. Histology knowledge will help me greatly 

in my future clinical practice. 
2. Histology is of great importance for further 

medical education. 
3. Histological terminology develops the 

vocabulary of laboratory medicine. 
4. Histology is a useful tool for satisfactory 

medical practice. 
5. Histology is a necessary evil in laboratory 

medicine. 
6. Histology is of some use in the clinic, but 

its importance may be exaggerated. 
7. Although histology is interesting, the 

subject needs selective understanding in 
the clinic. 

8. Are there any improvements that you feel 
we could make to the survey? 

Study Selection 
The study identified medical students as the 

population for analysis. A sample of 80 students 
was used as a representation of the entire group. 
The analysis of their responses was central to this 
work because such an examination provided the 
foundation for capturing results, eventually 
reporting notable findings to inform a conclusion 
about the relationship between medical students’ 
attitudes and clinical practice. However, the 
sample has one limitation, although this drawback 
did not hinder the study. According to Theofanidis 
and Fountouki (2018), assumptions about a 
sample are a source of a potential limitation. The 
delimitation associated with this shortcoming 
entailed rejecting the argument that the selected 
sample size was insufficient. Selecting medical 
students as the only population for examination 
resolved the problem of sample size because the 

questionnaire captured detailed data that 
enlightened the study’s scope and interest. 

The researcher also relied on validity and 
reliability components to address the concern of 
the evident sample. Inevitably, clinical research is 
prone to uncertainties and relevance regarding 
the study’s findings, which require these to be 
recognised and expressed explicitly (Theofanidis 
& Fountouki, 2018). Also, the researcher 
formulated an 8-item questionnaire to assist in 
capturing only the information that could help 
show the relationship between medical students’ 
attitudes towards the clinical importance of 
histology. Still, content validity is subjective, and 
research could fail to capture the dimensions of a 
tested domain (Nievas Soriano et al., 2020). In 
that sense, the questionnaire utilised for this 
research was not tested for external validity. 
Alternatively, depending on peer-reviewed 
resources as the source of the theoretical 
literature, it guaranteed that the study ascertained 
the truthfulness of the qualitative research 
methodology, attaining reliability. Also, using 
updated sources published within the last four 
years was essential to employ evidence from 
educational materials that ascertained 
accurateness. 
 
RESULTS  

This section provides the questionnaire 
results based on responses from 80 students. The 
summary responses are attached as Appendix A. 
The results are from replies responding to seven 
statements. The participants’ perceptions and 
attitudes towards histology as an important aspect 
of further medical education were evaluated. All 
80 participants strongly agreed that histology is of 
great importance to further medical education.  

Statement 1: Histology knowledge will help me 
greatly in my future clinical practice. 

Only a few respondents (9, 11.3%) disagreed 
[(disagree, 5, 6.3%); (neither agree nor disagree, 
4, 5.0%)] with this statement. A majority (71, 
88.7%) agreed [(agree, 19, 23.8%); (strongly 
agree, 52, 65.0%)] that histology knowledge will 
help them greatly in their future clinical practice. 

Statement 2. Histology is of great importance 
for further medical education. 

All the respondents agreed that histology is of 
great importance for further medical education. A 
total of 69 (86.72%) respondents strongly agreed, 
whereas 11 (13.25%) replied that they agreed 
with the statement. 
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Statement 3. Histological terminology 
develops the vocabulary of laboratory 
medicine. 

The results for the respondents who 
associated histology with the source of the 
vocabulary of laboratory medicine was unique 
because every category received responses. 
Some participants reported they disagreed (6, 
7.5%), neither agreed nor disagreed (3, 3.8%) and 
agreed (42, 52.5%). Alternatively, a substantial 
number indicated they strongly agreed (29, 
36.3%) with the statement. 

Statement 4. Histology is a useful tool for 
satisfactory medical practice. 

The results for whether histology is a useful 
tool for satisfactory medical practice attracted 
many people to agree. The participants who 
stated they agreed (21, 26.3%) and strongly 
agreed (23, 28.8%) were well distributed. On the 
other hand, few disagreed [(strongly disagree, 10, 
12.5%); (disagree 4, 5.0%)], while a good number 
neither agreed nor disagreed (22, 27.5%). 

Question 5. Histology is a necessary evil in 
laboratory medicine. 

The statement attracted a few students who 
recognised histology as a necessary evil in 
laboratory medicine. The statistics denote those 
who strongly disagreed and disagreed as 10 
(12.5%) and 4 (5.0%), in that order. Conversely, a 
significant number neither agreed nor disagreed 
with this notion (22, 27.5%). Finally, the feedback 
for agreeing and strongly agreeing categories was 
21 (26.3%) and 23 (28.8%), respectively. 

Statement 6. Histology is of some use in the 
clinic, but its importance may be exaggerated. 

The respondents indicated all the categories 
of the scale. Some agreed histology is of some 
use in the clinic, but its importance may be 
exaggerated. The distribution of the responses is 
as follows: strongly disagreed (9, 11.3%), 
disagreed (18, 11%), neither agreed nor 
disagreed (11, 13.8%), agreed (29, 36.3%), and 
strongly agreed (13, 16.3%). 

 
Appendix A. The summary responses 

 

  

Disagree Agree 

Strongly  
disagree 

Disagree 
Neither agree 
 nor disagree 

Agree 
Strongly 

agree 

 Statement 1 2 3 4 5 

1 
Histology knowledge will 

help me greatly in my future 
clinical practice. 

0 5 4 19 52 

2 
Histology is of great 

importance for further 
medical education. 

0 0 0 11 69 

3 
Histological terminology 

develops the vocabulary of 
Laboratory medicine. 

0 6 3 42 29 

4 
Histology is a useful tool for 

satisfactory medical 
practice. 

8 12 0 34 26 

5 
Histology is a necessary 

evil in Laboratory medicine 
10 4 22 21 23 

6 
Histology is of some use in 
the clinic, but its importance 

may be exaggerated. 
9 18 11 29 13 

7 

Although histology is 
interesting, the subject 

needs selective 
understanding in the clinic. 

8 9 13 28 22 

8 

Are there any 
improvements that you feel 

we could make to the 
survey? 
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Statement 7. Although histology is interesting, 
the subject needs selective understanding in 
the clinic. 
Histology as an interesting subject and needing 
selective understanding in the clinical practice 
criterion had many students agreeing with the 
statement compared to those that held a contrary 
opinion. The results for each group were strongly 
agreed (8, 10.0%), agreed (9, 11.3%), neither 
agreed nor disagreed (13, 16.3%), agreed (28, 
35.0%) and strongly agreed (22, 27.5%). 
The presented results show a notable trend. All 
the indicated categories benefited from replies 
since the respondents did not skip them. 
Therefore, demonstrating the relationship 
between the measured variables paves the way 
for a comprehensive discussion to inform the 
conclusion. 
 
DISCUSSION 

The survey also sought to establish whether 
histological terminology develops the vocabulary 
of laboratory medicine among medical students. 
The survey revealed that 71 out of the 80 
participants strongly agreed that histology 
terminology is essential to the development of 
laboratory medicine vocabulary. Only nine of the 
participants strongly disagreed that histological 
terminologies are essential to the development of 
vocabulary in laboratory medicine. Histology 
familiarises students with a deeper understanding 
of body cells and tissues and how they appear in 
a normal body organ (Hussein et al. 2015). When 
a body organ is not functioning normally as a 
result of sickness, its structure may change. 

The structural changes of the organs during 
sickness are normally identified under microscopic 
observations, which fall under histology. The 
procedures for investigating the changes to an 
organ are conducted in laboratory settings. The 
histological terminologies used to describe the 
changes to body cells and tissues may therefore 
relate to the terminologies used in laboratory 
procedures. This may explain why students 
strongly agreed with the supposition that 
histological terminologies contribute to the 
development of laboratory medicine vocabulary. 
To further investigate the perceptions and 
attitudes of students towards histology, the survey 
asked the participants whether histology is a 
useful tool for satisfactory medical practice. Sixty 
participants agreed that histology is a useful tool 
for satisfactory medical practice, while 20 strongly 
disagreed with this supposition. 

This implies that a significant number of 
participants feel that histology plays an 
instrumental role in successful medical practice. 
Zaletel et al. (2016) also found that students 
associated histology with an improved level of 
understanding, thereby improving their medical 
practice. Similarly, Moxham et al. (2017) found 
that students attributed improved medical practice 
to histology. The survey also sought to establish 
the students’ perceptions regarding histology 
being a necessary evil in laboratory medicine. 
Forty-four participants strongly agreed that 
histology is a necessary evil in laboratory 
medicine, while 36 participants strongly disagreed 
with this supposition. The use of laboratory 
medicine in medical practice cannot be 
disregarded, as it facilitates the identification of 
disorders. 

However, there seems to be a disagreement 
among students regarding the importance of 
histology in laboratory medicine. Zaletel et al. 
(2016) and Moxham et al. (2017) do not expand 
their scope of study in investigating the 
perceptions of medical students towards histology 
to include this aspect. Although Moxham et al. 
(2017) do not include this component as a 
measure in their study, they posit that histology is 
crucial to laboratory medicine. Trainers can use 
this information to inform decisions on how to 
create awareness about the importance of 
histology to laboratory medicine. 

To further evaluate the medical students’ 
perceptions about histology, the survey asked 
whether the importance of histology in practice is 
exaggerated, irrespective of its use in clinical 
settings. Forty-one participants strongly agreed 
that histology is of some use in the clinic, but its 
importance is exaggerated, while 39 participants 
strongly disagreed with this statement. The 
assumption or belief that the importance of 
histology in clinical settings is exaggerated could 
be one of the reasons why students do not 
complete the course. This is in contrast to Zaletel 
et al.’s (2016) study results, which found that the 
participants considered histology an important 
aspect of clinical practice. Similarly, Moxham et al. 
(2017) found that students attributed a significant 
level of importance to histology regarding medical 
practice. It is therefore imperative that the trainers 
create awareness regarding the importance of 
histology to clinical settings among students. 

Histology and Future Clinical Practice  
Histology is a pathway for knowledge 

acquisition among medical students for future 
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practice. Studies support the findings of this work 
that many students (88.75%) agreed that the 
subject is of great help to them for their future 
clinical practices. Integration of histology into 
clinical curricula has been a successful endeavour 
(Khader et al. 2020). From this discipline’s point of 
view, students have recognised that pursuing the 
subject is of value to them. Nevertheless, the 
other students (11.25%) with a contrary opinion 
have reasonable doubts due to the complexity of 
the domain. Insufficient knowledge regarding 
difficulties that learners face when identifying 
different diseases’ morphological variations is yet 
to be addressed. Medical students developing 
negative attitudes toward histology as their career 
choice despite recognising its clinical importance 
needs further study (Khader et al. 2020). 
Alternatively, Grainger Dai, Osborne and 
Kenwright (2018) assert that medical students 
ought to acquire and utilise analytical skills to 
handle complex clinical problems.  

The future of clinical practice and its 
association with histology is engrained in in-depth 
learning and the acceptance of effort related to its 
comprehension. Students’ satisfaction with the 
conventional instructional methods explains 
whether opinions on engaging in a pathology 
course are positive or negative (Xu, Li, Chen, Pan 
& Bu, 220). Learners could have registered for a 
histology program but felt dissatisfied with the 
knowledge acquisition technique. Nevertheless, 
students can associate themselves favourably 
with the educational style after benefitting from a 
comfortable teaching model. Integrating new 
technology for active learner participation 
heightens the appreciation for a medical 
education curriculum (Chen, Clifford, O’Leary, 
Hartman & Picarsic, 2019). Another barrier to 
practical learning is time constraints. Clinical 
discipline with insufficient time allocation creates a 
challenging environment, limiting the chance of 
elevating practical experience within a classroom 
setting (Dombrowski, Wrobel, Dazert & 
Volkenstein, 2018). The future of clinical practice 
is founded on an instructive delivery strategy that 
accommodates diverse learners’ needs. 

Histology and Medical Education System  
Measuring medical students’ attitudes towards 

the clinical importance of histology necessitates 
an understanding of medical education system 
dynamics. Pathology helps healthcare experts 
acquire knowledge that could enable them to 
provide simple solutions (Gilavand, Mehralizadeh, 
Hosseinpour & Torabipour, 2018). Unfortunately, 

the adopted medical education has not provided 
much-needed support to facilitate progressive 
future practice in the field. Medical education 
should stimulate self-sufficiency and satisfaction 
in delivering health services effectively (Gilavand 
et al. 2018). This claim affirms the reason all 
students agreed (11%) and strongly agreed (69%) 
that histology is of great importance for further 
medical education. In the same manner, 
Lieberman et al. (2020) decided that medical 
curriculum transformation reflects the dynamic 
emergence of current phenomena within clinical 
pathology and safeguards innovative learning. 
The extent to which a syllabus meets learners’ 
needs provides the framework for its acceptance. 
The apparent reforms in histopathology courses 
denote the prospect for increasing the level of 
graduates’ satisfaction, implying upgraded 
pathology training (Zulfu, Abass, Awadalla, 
Babiker & Ahmed, 2018). The instructive medical 
model should be comprehensive for approval 
among students engaging in the discipline.  

Histology and Laboratory Medicine 
Medical education syllabus expansion 

provides leeway for elevating specialisation in the 
field. The findings relating to histological 
terminology, the value of histology medical 
practice and the usefulness of histology in 
laboratory medicine are quite controversial. The 
expected results could be that all students agreed 
with these aspects since the future of healthcare 
practice lies in high-quality medical education. 
Histology for lab medicine is an excellent course. 
Still, of a total number of 36 students (45%), the 
fact that 12.5% strongly disagreed, 5% disagreed 
and 27.5% neither disagreed nor agreed indicates 
inadequate awareness of the program. The 
COVID-19 outbreak has demanded specialities in 
medical education so that students can identify 
various opportunities associated with the high-
quality clinical curriculum (Iancu, Kemp & Alam, 
2020). Accordingly, it is worrying that students 
might not realise the positive association between 
laboratory medicine and histology.  

Histology and Selective Understanding  
Interest in a histology curriculum based on a 

selective understanding of clinical practice does 
not guarantee efficient professional and 
healthcare outcomes. Most of the students agreed 
(62.5%) that although histology is interesting, the 
subject needs selective understanding in the 
clinic. Nonetheless, such a thoughtful approach is 
not always achieved. A pathologist relies on a 
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precise histology, which is accredited to deep 
learning to facilitate reliable and effective 
personalised care (Djuric, Zadeh, Aldape & 
Diamandis, 2017). Learning different concepts 
rather than reading selectively is the most 
effective style to increase clinical knowledge. Zaidi 
et al. (2017) reported that practice, experience 
and feedback are major strategies that raise 
awareness of taxonomy. Assessment and 
evaluation of medical students’ knowledge level 
can aid them in elevating their appreciation of 
histology. Inadequate periodic performance 
feedback restricts progressive clinical practice 
routines (Vleugels et al. 2018). 

Histology should be a valuable tool for 
suitable medical practice. Williams et al. (2018) 
identified the importance of training breast 
pathologists to specialise in using a specific digital 
pathology. The authors reasoned that experts’ 
exposure to such a protocol enables them to 
manage risk and emphasise patient safety while 
promoting professional skills. As a subject, 
histology provides the chance to navigate through 
different clinical diagnostic procedures. 
Histological pixel data that rely on digital 
pathology promise a diversified means to 
strategise and benefit from meaningful and quality 
clinical deliverables (Marble et al. 2020). Similarly, 
other researchers have commended the 
opportunities and effectiveness of digital 
pathology in promoting the clinical curriculum 
(Browning et al. 2020; Della et al. 2017; Roy & 
Cecchini, 2020; Sergi, 2019; Tizhoosh & 
Pantanowitz, 2018). Accordingly, the medical 
syllabus must transform to incorporate 
technology. 

CONCLUSION 
In conclusion, the survey revealed relatively 

positive attitudes towards histology among 
medical students. According to the survey results, 
a substantial number of the participants 
considered histology an important part of medical 
practice and future medical training. However, a 
considerable number of students presume that the 
need for using histology in clinical practice is 
exaggerated. As a result, such students may not 
take their training in histology seriously. Trainers 
can help students overcome such negative 
perceptions by creating awareness about the 
importance of histology during medical training. 
Medical students’ attitudes towards the clinical 
importance of histology share a positive 
association. An in-depth understanding of the 
subject establishes the framework for increased 

clinical practice awareness and professionalism. 
However, the mixed findings from this study show 
that learners have not demonstrated their 
awareness of the importance of the discipline for 
their future application. Nonetheless, histology is a 
valuable tool for suitable clinical and laboratory 
medicine. Developing a significant appreciation of 
histology because of its comprehensiveness is 
indispensable.. 
 
CONFLICT OF INTEREST 

The authors declared that present study was 
performed in absence of any conflict of interest. 
 
ACKNOWLEGEMENT 

We would like to thank all the students for 
their cooperation and participation in this study. 
The authors would also like to extend their 
appreciation to the Deanship of Scientific 
Research at the University of Tabuk for their 
support (no 42/052/28287). 
 
AUTHOR CONTRIBUTIONS 
ZM designed research together with YA, ZM and 
YA have analyzed the data, ZM and YA wrote the 
manuscript and approved its final version. 
 

Copyrights: © 2021@ author (s).  
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Ansari, R. M., Latiff, A. A. & AbManan, N. (2018). 

Impact of outcome-based histology 
laboratory manual on the performance of 
year I MBBS students. Education in Medicine 
Journal, 10(3), 23–29. 29. 
doi:10.21315/eimj2018.10.3.3 

Browning, L., Colling, R., Rakha, E., Rajpoot, N., 
Rittscher, J., James, J. A., ... & Verrill, C. 
(2020). Digital pathology and artificial 
intelligence will be key to supporting clinical 
and academic cellular pathology through 
COVID-19 and future crises: the PathLAKE 
Consortium perspective. Journal of Clinical 
Pathology. doi:10.1136/jclinpath-2020-

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


saleh and Assiri                       The Attitudes of Medical Students towards the Clinical Importance of Histology 

 

    Bioscience Research, 2021 volume 18(1): 653-661                                                             660 

 

206854 
Chen, C. P., Clifford, B. M., O’Leary, M. J., 

Hartman, D. J. & Picarsic, J. L. (2019). 
Improving medical students’ understanding 
of pediatric diseases through an innovative 
and tailored web-based digital pathology 
program with Philips pathology tutor 
(Formerly PathXL). Journal of Pathology 
Informatics, 10. doi: 10.4103/jpi.jpi_15_19 

Cheng, X., Chan, L. K., Li, H. & Yang, X. (2020). 
Histology and embryology education in 
China: The current situation and changes 
over the past 20 years. Anatomical Sciences 
Education, 1–10. doi:10.1002/ase.1956 

Della Mea, V., Carbone, A., Di Loreto, C., Bueno, 
G., De Paoli, P., García-Rojo, M., ... & 
Rasmusson, A. (2017). Teaching digital 
pathology: The international school of digital 
pathology and proposed syllabus. Journal of 
Pathology Informatics, 8. 
doi:10.4103/jpi.jpi_17_17 

Djuric, U., Zadeh, G., Aldape, K., & Diamandis, P. 
(2017). Precision histology: how deep 
learning is poised to revitalize 
histomorphology for personalized cancer 
care. NPJ Precision Oncology, 1(22). 
doi:10.1038/s41698-017-0022-1 

Dombrowski, T., Wrobel, C., Dazert, S. & 
Volkenstein, S. (2018). Flipped classroom 
frameworks improve efficacy in 
undergraduate practical courses–A quasi-
randomized pilot study in 
otorhinolaryngology. BMC Medical 
Education, 18(1), 1–7. doi:10.1186/s12909-
018-1398-5 

Gilavand, A., Mehralizadeh, Y., Hosseinpour, M. & 
Torabipour, A. (2018). A review on pathology 
of the integration of medical education 
system with health services at Iran’s Ministry 
of Health and Medical Education. Future of 
Medical Education Journal, 8(3), 47–56. 
Retrieved from 
http://eprints.mums.ac.ir/10294/1/FMEJ_Volu
me%208_Issue%203_Pages%2047-56.pdf 

Grainger, R., Dai, W., Osborne, E. & Kenwright, 
D. (2018). Medical students create multiple-
choice questions for learning in pathology 
education: a pilot study. BMC Medical 
Education, 18(201). doi:10.1186/s12909-
018-1312-1 

Iancu, A. M., Kemp, M. T. & Alam, H. B. (2020). 
Unmuting medical students’ education: 
Utilizing telemedicine during the COVID-19 
pandemic and beyond. Journal of Medical 
Internet Research, 22(7), e19667. 

doi:10.2196/19667 
Khader, A. A., Obeidat, F. N., Shahin, N. A., 

Khouri, N. A., Kaddumi, E. G., Qa’qa, A., ... & 
Amer, N. (2020). Medical students’ 
perceptions of pathology and a proposed 
curricular integration with histology: A future 
vision of curricular change. International 
Journal of Morphology, 38(1), 38–42. 
doi:10.4067/S0717-95022020000100038 

Lieberman, J. A., Nester, T., Emrich, B., Staley, E. 
M., Bourassa, L. A., & Tsang, H. C. (2020). 
Coping with COVID-19: Emerging medical 
student clinical pathology education in the 
Pacific Northwest in the face of a global 
pandemic. American Journal of Clinical 
Pathology, 1–10. doi:10.1093/ajcp/aqaa152 

Marble, H. D., Huang, R., Dudgeon, S. N., Lowe, 
A., Herrmann, M. D., Blakely, S., ... & Veetil, 
J. (2020). A regulatory science initiative to 
harmonize and standardize digital pathology 
and machine learning processes to speed up 
clinical innovation to patients. Journal of 
Pathology Informatics, 11(12). 
doi: 10.4103/jpi.jpi_27_20 

Marcinkowski, T. & Reid, A. (2019). Reviews of 
research on the attitude–behavior 
relationship and their implications for future 
environmental education research. 
Environmental Education Research, 25(4), 
459–471, 
doi:10.1080/13504622.2019.1634237  

Moxham, B. J., Emmanouil‐Nikoloussi, E., 
Brenner, E., Plaisant, O., Brichova, H., 
Kucera, T., ... & Paulsen, F. (2017). The 
attitudes of medical students in Europe 
toward the clinical importance of histology. 
Clinical Anatomy, 30(5), 635–643. 
doi:10.1002/ca.22889 

Narayanan, S. & Ananthy, V. (2018). The 
influence of learning style in understanding 
analogies and 2D animations in embryology 
course. Anatomy & Cell Biology, 51(4), 260–
265. doi:10.5115/acb.2018.51.4.260 

Nievas Soriano, B. J., García Duarte, S., 
Fernández Alonso, A. M., Bonillo Perales, A. 
& Parrón Carreño, T. (2020). Validation of a 
Questionnaire Developed to Evaluate a 
Pediatric eHealth Website for Parents. 
International Journal of Environmental 
Research and Public Health, 17(2671). 
doi:10.3390/ijerph17082671 

Pichat, J., Iglesias, J. E., Yousry, T., Ourselin, S., 
& Modat, M. (2018). A survey of methods for 
3D histology reconstruction. Medical Image 
Analysis, 46, 73–105. 



saleh and Assiri                       The Attitudes of Medical Students towards the Clinical Importance of Histology 

 

    Bioscience Research, 2021 volume 18(1): 653-661                                                             661 

 

doi:10.1016/j.media.2018.02.004 
Roy, S. F. & Cecchini, M. J. (2020). Implementing 

a structured digital-based online pathology 
curriculum for trainees at the time of COVID-
19. Journal of Clinical Pathology,73(444). 
doi:10.1136/jclinpath-2020-206682 

Sebode, M., Hartl, J., Vergani, D., Lohse, A. W. & 
International Autoimmune Hepatitis Group 
(IAIHG) (2018). Autoimmune hepatitis: From 
current knowledge and clinical practice to 
future research agenda. Liver International, 
38(1), 15–22. doi: 10.1111/liv.13458 

Sergi, C. M. (2019). Digital Pathology: The time is 
now to bridge the gap between medicine and 
technological singularity. In Interactive 
Multimedia-Multimedia Production and Digital 
Storytelling. IntechOpen. DOI: 
10.5772/intechopen.84329 

Simok, A. A., Yusoff, M. S. B., Noor, N. F. M., 
Asari, M. A. & Kasim, F. (2019). The impact 
of virtual microscopy on medical students’ 
intrinsic motivation. Education in Medicine 
Journal, 11(4), 47–59. 
doi:10.21315/eimj2019.11.4.5 

Theofanidis, D. & Fountouki, A. (2018). 
Limitations and delimitations in the research 
process. Perioperative Nursing, 7(3), 155–
163. doi:10.5281/zenodo.2552022 

Tizhoosh, H. R. & Pantanowitz, L. (2018). Artificial 
intelligence and digital pathology: Challenges 
and opportunities. Journal of Pathology 
Informatics, 9. doi:10.4103/jpi.jpi_53_18 

Vleugels, J. L., Dijkgraaf, M. G., Hazewinkel, Y., 
Wanders, L. K., Fockens, P., Dekker, E., ... & 
Depla, A. C. T. M. (2018). Effects of training 
and feedback on accuracy of predicting 
rectosigmoid neoplastic lesions and selection 
of surveillance intervals by endoscopists 
performing optical diagnosis of diminutive 
polyps. Gastroenterology, 154(6), 1682–
1693. doi:10.1053/j.gastro.2018.01.063 

Williams, B. J., Hanby, A., Millican‐Slater, R., 
Nijhawan, A., Verghese, E., & Treanor, D. 
(2018). Digital pathology for the primary 
diagnosis of breast histopathological 
specimens: An innovative validation and 
concordance study on digital pathology 
validation and training. Histopathology, 72(4), 
662–671. doi:10.1111/his.13403 

Xu, C., Li, Y., Chen, P., Pan, M. & Bu, X. (2020). 
A survey on the attitudes of Chinese medical 
students towards current pathology 
education. BMC Medical Education, 20(1), 
1–7. doi:10.1186/s12909-020-02167-5 

Zaidi, N. B., Hwang, C., Scott, S., Stallard, S., 

Purkiss, J., & Hortsch, M. (2017). Climbing 
Bloom’s taxonomy pyramid: Lessons from a 
graduate histology course. Anatomical 
Sciences Education, 10(5), 456–464. 
Retrieved from 
https://deepblue.lib.umich.edu/bitstream/han
dle/2027.42/138235/ase1685_am.pdf?seque
nce=1 

Zaletel, I., Marić, G., Gazibara, T., Rakočević, J., 
Borović, M. L., Puškaš, N. & Bajčetić, M. 
(2016). Relevance and attitudes toward 
histology and embryology course through the 
eyes of freshmen and senior medical 
students: Experience from Serbia. Annals of 
Anatomy-Anatomischer Anzeiger, 208, 217–
221. doi:10.1016/j.aanat.2016.07.002 

Zulfu, A. A., Abass, S. K., Awadalla, H., Babiker, 
S. A. R. & Ahmed, M. H. (2018). Assessment 
of pathology trainees’ satisfaction: results of 
a survey from Sudan. Journal of Public 
Health and Emergency, 2, 29–35. doi: 
10.21037/jphe.2018.10.01 

Hussein, I., Raad, M., Safa, R., Jurjus, R. A., & 
Jurjus, A. (2015). Once upon a microscopic 
slide: the story of histology. Journal of 
Cytology & Histology, 6. 

Moxham, B. J., Emmanouil‐Nikoloussi, E., 
Brenner, E., Plaisant, O., Brichova, H., 
Kucera, T., ... & Paulsen, F. (2017). The 
attitudes of medical students in Europe 
toward the clinical importance of 
histology. Clinical Anatomy, 30(5), 635–643. 

Zaletel, I., Marić, G., Gazibara, T., Rakočević, J., 
Borović, M. L., Puškaš, N. & Bajčetić, M. 
(2016). Relevance and attitudes toward 
histology and embryology course through the 
eyes of freshmen and senior medical 
students: Experience from Serbia. Annals of 
Anatomy-Anatomischer Anzeiger, 208, 217–
221. 


