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Abstract—The main goal of this literature review is to discuss
the emerging trends, challenges and opportunities in the field of
medical imaging education in Europe due to the Covid-19
pandemic scenario that forced the remodeling of the teaching
and learning process. A bibliographic search was carried out in
the main databases and from resources available in scientific
and professional associations in Europe. Exclusion criteria
included articles without contributions on distance learning or
active learning. Education and training in medical imaging field
had to readapt and the usual opportunities for medical imaging
and radiotherapy (MIR) students to learn in person in the
classroom, lab and clinical settings, had to be quickly
transformed into distance learning opportunities. Thus, online
education became a pedagogical shift from traditional method
to the modern approach of teaching and learning from
classroom to Zoom, from personal to virtual and from seminars
to webinars, leading to the emergence of innovative teaching
models. Moreover, student-centered strategies such as flipped
classroom and game-based learning have been recently applied
in health professions education with positive and very
promising results. In conclusion, due to the pandemic crisis,
MIR educators and students find themselves in the situation
where they felt compelled to embrace the digital academic
experience, allowing the progressive innovation of e-learning.
In this context, game-based learning appears to be effective for
improving knowledge, skills, attitudes and satisfaction and
should be considered as a potential systematic tool in the field of
medical imaging education. Therefore, preparedness of
radiographers depends on the application of effective training
and education methodologies that allows excellent clinical
performance and maintaining high quality and safety standards,
both through undergraduate course and continuous
professional development.

Index Terms—Radiography education, medical imaging,
game-based learning, flipped classroom, e-learning.

I. INTRODUCTION

In recent years, technological innovation has been a factor
in changing the social paradigm and, above all, the prime
driver of educational transformation [1]. Likewise, medical
imaging professionals have also tried to develop and
implement teaching and learning technologies, which offer
greater convenience and allow the acquisition of knowledge
and evidence for their clinical practice [2]-[4]. Even because
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the fact that some live in more rural or remote areas, often
with less specialized healthcare, restricts their continued
professional development opportunities [5].

Besides, professional ethics has a professional
responsibility to maintain and enhance the knowledge, skills
and attitudes in clinical practice, which is achieved through
systematic participation in continuous training schemes
according to the individual learning needs [6], [7]. But given
the limited opportunities for face-to-face education, it is
necessary to increasingly challenge traditional teaching
methods and introduce e-learning technologies [7], [8].

All over the world, Covid-19 pandemic has forced
educators to transform more quickly their lessons into online
versions in a short period of time [9], [10]. A year passed
since the pandemic began and, therefore, it is an opportune
moment to seriously rethink, reformulate and redesign the
educational system in such a demanding need of the current
unprecedented situation [11].

Since the healthcare professional practices requires the
most effective methods for teaching [12], the aim of this
literature review is to discuss the emerging trends, challenges
and opportunities in the field of medical imaging education in
Europe, mainly due to the Covid-19 pandemic scenario that
forced the remodeling of the teaching-learning process,
which tends to be increasingly innovative and using new
technologies.

Il. METHODS

In this literature review, a bibliographic search was carried
out in the main databases (Pubmed, ScienceDirect, LiLacs
and Web of Science), complemented with gray literature and
the use of resources available in scientific and professional
associations and societies in this area of knowledge in Europe.
Separate bibliographic searches were conducted in the
different databases mentioned above and the search terms
included “Radiology* OR Medical Imaging* OR
Radiography” AND “Education* (“medical OR health
professions” AND “e-learning OR active learning”).
Exclusion criteria included articles not published in English,
prior to 2013 and without contributions on distance learning
or active learning.

As a literature review, the articles and documents included
were evaluated in order to understand the trends in the
teaching and learning of medical imaging education and its
adaptation to the pandemic scenario, as well as to describe
some future perspectives. Finally, the experiences of our
imaging department are also referred to in the light of the
existing literature.
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I1l. MAIN FINDINGS

A. Emerging Trends and Current Challenges in Medical

Imaging Education in Europe

Medical Imaging is a dynamic, fast growing and highly
technical field in healthcare, where the Radiographers and
Radiologists are key elements who play an essential role
across the diverse National Health Systems. However, the
challenge they would have to face when an unknown virus
emerged (COVID-19) would be unimaginable [13]. Due to
its speed of propagation and pandemic incidence, there was a
need to adapt practices and departments in order to minimize
the risk of infection.

1) The paradigm shift in medical imaging education

With the official WHO declaration of Covid-19 pandemic
on 11 March, several measures, guidelines and
recommendations in medical imaging field have been
constantly implemented and adapted in order to improve
quality and safety in radiology departments [14]-[26].
Likewise, education and training in this field had to readapt
and the usual opportunities for medical imaging and
radiotherapy (MIR) students to learn in person in the
classroom, lab and clinical settings, had to be quickly
transformed into distance learning opportunities. Thus,
online education became a pedagogical shift from traditional
method to the modern approach of teaching-learning from
classroom to Zoom, from personal to virtual and from
seminars to webinars [11].

Unaware of the duration of the pandemic, there is a need to
continue to provide education and training based on scientific
evidence to those who will be in the frontline, allowing an
adequate clinical practice. In addition, the lack of human
resources has been identified as one of the main gaps in
healthcare services [27], so newly graduated medical
imaging professionals must be prepared to enter in the
imaging departments at any time.

To guarantee the academic success of MIR students,
universities can instill in their teaching-learning processes
different tools and methodologies, in order to maximize the
obtaining of knowledge and experiences by the future
medical imaging professionals [28]. The use of such tools
supported by highly qualified and experienced teachers and
instructors is especially important in the early years of the
undergraduate course and should serve as a foundation for
clinical placements. Then, the hands-on clinical placement
component of each program affords students the opportunity
to work in both large and small medical facilities under the
supervision of qualified staff, while utilizing their learned
skills on actual patients [29]. This component is irreplaceable,
because although it is possible to use virtual simulators of
clinical teaching, they do not allow to obtain certain social
relationship skills in the same dimension [30], [31]. Thus, the
patient integration in the teaching-learning process is
essential even in a pandemic context [32].

2) The potential mixed education model
Across the globe, academic institutions have been working
hard to provide knowledge, skills and attitudes to MIR

students, and conceptualizing learning processes towards
vocational competence in a pandemic scenario [28], [30],

327

[33]-[36]. Due to the isolation and quarantine measures in
most countries, it was necessary to implement digital tools
for teaching (including clinical and practical simulation tools)
which led to emergence of innovative teaching models [28].

For a long time, classroom learning was practically the
only answer for traditional models of education. But in this
pandemic context, we were forced to quickly include
distance learning modalities, such as e-learning (Electronic
Learning), b-learning (Blended Learning), m-learning
(Mobile Learning) or u-learning (Ubiquitous Learning) [35].
There were changes in the way the teaching-learning process
takes place, in the communication between professor and
students, in the interaction with pedagogical and didactic
materials, among many other transformations [28], [30], [34],
[35]. However, clinical placement in hospital environment is
irreplaceable, and so, it cannot be totally reproduceable
through virtual learning. Therefore, a mixed teaching model
could be beneficial in the current context.

Currently, there are several tools available that can be
useful in this mixed model. In addition to the scientific
databases (PubMed®, MEDLINE®, Scopus®, Web of
Science®, among others) that provide us with endless
supporting documents, there are currently several tools
available for free that can be used in MIR student learning,
some of them to provide theoretical knowledge and others
that interactively help in their consolidation, which are
generally very well received by students. In fact, there is
evidence that such tools can be used in different active
learning strategies, improving student engagement and
interaction [37]-[40]. Student-centered strategies such as
team-based learning, case-based learning, flipped classroom
and game-based learning have been recently applied in health
professions education with positive and very promising
results [39]-[45]. These strategies shift the focus of teaching
from knowledge transmission to knowledge construction by
students and encourage the use of tasks [37].

3) The experience from Medical Imaging and
Radiotherapy Department from Algarve University
(Portugal)

From our experience, and similarly to the studies cited
above, we have seen an improvement in MIR student’s
engagement and motivation applying student-centered
strategies. In the current generation of true “digital natives”,
it can be achieved through gamification, using tools such as
Kahoot [46]-[48]. Kahoot is a free game-based learning
platform that brings engagement and fun to learn (any subject,
in any language, on any device). The games can be based on
multiple choice questions, true and false, and other types, can
be played anywhere, in person or virtually, using any device
with an internet connection, through a web browser or the
Kahoot application [49]. In figure 1, we can see an example
of several kahoots games created to monitor the theoretical
knowledge acquired by MIR students from Algarve
University.

Through the figure 2 we can see an example of a
multiple-choice question used in a quiz held in a
synchronized distance learning moment. The gameplay is
simple: all students connect using a game PIN shown on the
common screen and use a device (computer, mobile phone,
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etc.) to answer questions created by the professor. Each
question can be assigned a specific response time and a
specific score. Students who respond faster receive more
points if they get it right. Points appear on the leaderboard
after each question. And it is possible to adopt strategies in
which students compete against each other individually, but
itis also possible to adopt a teamwork strategy. After all MIR
students have answered the question, or after the time set for
each question has elapsed, the correct answer is presented.
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Fig. 1. Example of Kahoot desktop showing different games created to
monitor the theoretical knowledge acquired by MIR students from Algarve
University.

What fracture is seen in the image below?

38

Answers

Fig. 2. Multiple choice question generated and made available to MIR
students within the Kahoot environment, in the subject of methods and
techniques in medical imaging.
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Fig. 3. Identification of MIR students to whom improvement proposals
should be applied and identification of the main gaps.

Moreover, after finishing the quiz, a report is automatically
prepared in order to monitor and follow the student's results.
Based on these results, strategies are adopted for the
identified gaps, aiming at a continuous improvement of the
acquired knowledge. Through figure 3, we can see that only
one issue was identified in which students had many
difficulties, but none of the students was identified for
targeted support in this quiz topic. There is also the
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possibility to export an excel file, which contains an
overview of the results, the final scores for each student, as
well as the individual results for each quiz question.

Because it is an interactive game, it is very well received
by students. This tool allows to increase MIR student
engagement, motivation, concentration and learning after
using them repeatedly over time. The main factor in keeping
students' attention after intense repeated use is mainly the
competitive nature of Kahoot [47], [48], [50]. In addition to
monitoring the theoretical knowledge and skills acquired, it
also allows to obtain very useful information in order to carry
out a more integrated and effective monitoring of MIR
students, providing more favorable conditions for their
academic success.

Therefore, this online tool allows the learners to
demonstrate their capabilities in critical thinking and solving
problems, which are the key benefits of shifting from
traditional teaching to e-learning where the teacher is mainly
a facilitator [51], [52].

Other public domain audience response resources are
available, like Mentimeter and Poll Everywhere which are
easy-to-use online tools that allows users to gather feedback
and other data from their audience in various situations, with
the ability to create custom polls and surveys, which can be
answered [53], [54]. Therefore, these tools also allow to
transform one-way presentations into a lively conversation
with everyone in the meeting. The MIR students through the
smartphones and devices that they use every day can submit
live responses and watch them update directly on the shared
screen. The professor can create and present multiple-choice
questions, questions and answers, word clouds, ranking
orders, curiosities and much more through the application on
the Internet, the mobile application for the presenter or
through the slide-ware integrations: PowerPoint, Google
Slides or Keynote. It should be noted that both tools
previously demonstrated can be used in a classroom
environment or remotely through the platforms Zoom, Skype,
Google Meets, among others.

In addition to these tools, other can be found and
innovative approaches and modalities for medical imaging
education are constantly appearing to improve teaching and
learning and ultimately patient care and outcomes [44]
Digital education is a demand, and the introduction of
gamification strategies seems to be very useful.

In our context, Modular Object-Oriented Dynamic
Learning Environment (Moodle) has also been a very useful
resource. In fact, many international universities have
integrated Moodle in their education and literature supports
the use and importance of such tools [55]. Thus, this online
learning platform should be integrated in medical imaging
education to promote blended-learning in order to enhance
the training of MIR students. Among its several features, we
highlight the following: Forum (to promote discussions),
Assignment (to collect, assess and provide feedback), Quiz
(to assess learning), sharing folders and files, workshop, QR
code for attendance, among many others [55], [56]. In terms
of clinical placement, we have also innovated with the
available resources, implementing electronic platforms for
monitoring and evaluating students, and developing
internship plans that respect the principle of equality, equity
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and proportionality of training opportunities in the different
imaging modalities. The contact time in each modality is
monitored using specific QR codes for each department. All
planning is carried out considering an approach centered on
the student's learning outcomes: the student at the center of
the process.

For the preparation of teaching content, different public
resources are also available, that meet the requirements of
European Qualifications Framework level 6 and 7 (Graduate
Diploma and Master’s degree) in medical imaging curricular
programs [57]-[59].

4) Public domain medical imaging resources

The ISRRT (International Society of Radiographers &
Radiological Technologists) provides a specific platform for
e-learning, containing courses and materials especially useful
in the topics identified below. In each of them, it is possible to
see the learning objectives, support references and modules
for assessing the knowledge acquired [60].
Practical guidelines for radiographers
pandemic COVID-19
International Covid-19 support for Radiographers
and Radiologists
Medical Imaging equipment
equipment specifications
Introduction to the
Communication System
Osteoporosis and DXA scanning
Clinical Audit in Medical Imaging
Digital Imaging: Issues in Quality and Radiation
Safety
Dose Reduction Techniques.

Also, the IAEA (International Atomic Energy Agency) has
an e-learning area available free of charge after user
registration. Here we can find, for example, a module on
“Radiation Dose Management in CT” to address navigation
into practical aspects of CT radiation dose and protocol
creation [61]. Other topics of interest to the field of medical
imaging, such as “Radiation Protection Basics”, “Radiation
Protection in fluoroscopy guided interventional procedures”,
“Tips & Tricks: Radiation Protection in Radiology”, “Quality
Control and Dosimetry in Digital Imaging”, “Image Guided
Radiotherapy”, “Quality and Safety in Radiotherapy”,
“SPECT/CT & PET/CT”, among many others [62]. Most of
these modules have feedback tools, as well as certificates of
attendance in case of successful completion of the module.

Other websites such as Radiopaedia (contain 41381
imaging cases and 14917 articles) [63], MRI Master (for
practical aspects of MRI) [64], Health Academy e-Learning
Courses from World Health Organization [65], Virtual
Pathology e-Learning training [66], Wikiradiography [67],
Eurorad [68] and Education on Demand (from ESR -
European Society of Radiology) [69] are also good examples
of electronic resources that can be used by MIR educators,
students and medical professionals.

Finally, it is also worth mentioning the active role that ESR
and EFRS (European Federation of Radiographer Society)
has played in the educational and training context, mainly
through webinars on several topics, which in 2020 were
focused on “Radiation Protection in CT” and “Radiation
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Protection in Radiotherapy” [70]. For this year of 2021, a
new series of webinars focused on ‘“Nuclear Medicine
Radiation Protection” and Education & Research” are also
planned.

Given the above, it is unequivocal that there are different
free resources that can be used and easily accessed to ensure
that t-learning is successfully integrated into medical imaging
education.

B. Future Challenges

Interactive Medical Imaging by implementing a
Blended-Learning model with Augmented Reality and Game
book, could be a possible way forward. From the experience
of our university, there is already a successful “MILAGE
Learn +” model for teaching mathematics, and promoting
more interactive, active learning, adapted to the individual
needs of students [71].

Thus, the potential development of an app as a tool to
support MIR students in the autonomous resolution of
exercises, through the incorporation of gamification
characteristics, with different levels of exercise difficulty, to
support students with greater learning difficulties and also
include more advanced students. In addition, the inclusion of
support videos, and self-assessment and peer review schemes
aimed at stimulating the student's autonomous work,
revisiting the contents for storing knowledge in long-term
memory and identifying fundamental steps in solving
problems, are solid evidence of the way forward [72]-[74].

One of the biggest challenges of a blended education
model will certainly be to maintain high quality standards.
Thus, the introduction of new technologies and tools must be
systematically monitored, in order to accompany the
students' learning process.

IV. CONCLUSION

Due to the COVID-19 crisis, educators and students find
themselves in the situation where they felt compelled to
embrace the digital academic experience, allowing the
progressive innovation of e-learning. Game-based learning
appears to be effective for improving knowledge, skills,
attitudes and satisfaction and should be considered as a
potential systematic tool in the field of medical imaging
education.

Adequate preparation of medical imaging professional to
work independently and under pressure is a demand.
Preparedness of these professionals depends on the
application of effective training and education methodologies
that allows excellent clinical performance and maintaining
high quality and safety standards, both through
undergraduate course and continuous professional
development.

MIR students must rise to the challenges they face and,
rigorously, quickly and effectively, make the necessary
adaptations to their practices and their professional and
educational context, with respect for international guidelines.
This awareness will certainly be a step achieved in the course
of these irreplaceable healthcare professionals. With the
continuous improvement and development of this knowledge
area, associated with the solutions available in the near future



International Journal of Information and Education Technology, Vol. 12, No. 4, April 2022

of artificial intelligence technology, it also leaves a promising
field open for the education of MIR professionals.

Finally, this review highlights the need to design
systematic studies and rigorous approaches in order to
confirm the educational benefits of e-learning to support the
traditional model, through a mixed approach to teaching and
learning technologies.
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