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Abstract

Radiography curriculum in Greece includes a series of courses, which provide the basic
knowledge to the graduate Radiographer, to work in a department of medical imaging,
radiotherapy or nuclear medicine. Lifelong education and skills’ development of the
Radiographer is considered necessary during his professional career, due to the evolution of
biomedical technology and the new imaging and therapeutic techniques. This paper aims to
propose a digital model of lifelong professional education and development for Radiographers.
A literature review was conducted in the PubMed database on the principles governing the
construction of digital training models for Radiographers. The design of a digital education
platform will include e-learning tools, which are already available and used by educational
organizations. The establishment of an experienced interdisciplinary team is essential both in
the educational process and model's design.
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1. Introduction

In Greece, the graduates of the Radiographic Science School have received their
degree, completing a program, which includes the basic knowledge for practicing
radiographic science. During their professional career, Radiographers will implement
and develop the acquired knowledge in daily clinical practice, to optimize the imaging
or radiotherapeutic outcome. According to Greek regulation and the code of conduct
for the practice of radiographic profession, Radiographers works closely with
Radiologists, Nuclear Physicians, Radiotherapists and Medical Physicists, performs all
imaging, radioisotopic and radiotherapeutic operations, evaluates their outcome, while
observing the Radiation Protection Regulation. Radiographers can work on more than
one imaging or radiotherapeutic modalities. This freedom of choice of Radiographer is
considered beneficial for him and the department. In this way, Radiographer can
expand his skills during daily clinical practice, improving his overall professional
performance (Prentakis et al., 2016).
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However, as medical imaging and radiotherapy techniques and biomedical technology
are evolving rapidly, the continuing professional training of Radiographers depends on
each one's personal interest to be trained individually. Also, new entrants to the labor
market and seniors need to specialize or expand their knowledge on a specific modality.
The purpose of this paper is to propose a distance professional education framework
for the lifelong development of Radiographers' skills, which will utilize Information
and Communication Technologies (ICT). A search at PubMed database was conducted
for the principles of designing and development of distance learning tools for the
lifelong education of healthcare professionals involved in medical imaging, radiation
therapy and nuclear medicine.

The second section briefly reviews e-learning applications, which have been used
through time. The third section refers to the steps, which must be followed for the
development of an e-learning platform. The fourth section makes an extensive report
in building an e-learning platform for Radiographers, the tools and features needed.
The fifth section refers to the educational process and the learning models which can
be used to achieve successful outcomes. At the last two sections we discuss the findings
from the international literature and summarize the findings of our research.

2. An Overview of Distance Learning

2.1 Distance Learning in Healthcare Professionals

Many studies have been conducted internationally, which investigate the outcomes of
the distance learning implementation using e-learning tools in healthcare. Distance
learning is not simply a set infrastructure, but rather a concept of learning that
incorporates different technologies and learning media (Masic et al., 2009). The trend
towards distance learning has reduced the cost of e-learning tools, making this method
an attractive training choice for many healthcare professionals. The advantages of this
method over traditional learning are the portability and accessibility to a large amount
of educational content via the Internet, as well as the use of educational multimedia,
which can integrate image, sound and text in a single file or presentation. Also, the
eligibility of synchronous or asynchronous access to educational content and time
flexibility is another advantage of distance learning over traditional learning.

The COVID-19 pandemic has forced educational organizations and scientific societies
to stop in-class courses, conferences and seminars for students and healthcare
professionals. To continue delivering educational services, these organizations and
societies implemented distance learning using e-learning tools. And this was achieved
at some point.

The knowledge of the practical aspects of the imaging or therapeutic methods and
patient management are key points in Radiographer's daily practice that ensure the
provision of high-quality healthcare services. With the development of ICTs, the
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distance professional education and qualifications' development of Radiographers can
be carried out through open-source educational software, like learning management
systems (LMS), which can be used to build and deliver electronic courses while
monitoring the progress of trainees and getting feedback for educational process.

2.2 E-learning Applications for Radiographers

International experience and literature have many examples to show for e-learning
applications related to distance education in medical imaging, radiotherapy and nuclear
medicine.

2.2.1 Computer-based Interface

A first approach using computer-based application as e-learning tool were digitized x-
ray films combined with a computer interface. These x-ray films were scanned and
imported as jpeg images in the interface. The user was able to manipulate parameters
of image projected on screen, like zoom infout, brightness, contrast and position. Also,
he was able to use features of annotation and magnification. The main disadvantage of
this primary approach was memory management, due to the limited random-access
memory (RAM) of computer in contrary with memory resources needed for images
storage and manipulation (Stein et al., 1991).

2.2.2 Web-based Teaching Files

Evolution of the previous approach is the web-based teaching file system (Henderson
et al., 2004). This system contains digital content with pedagogical value coming
directly from Picture Archiving & Communication Systems (PACS). The advantages
of this system against a computer-based application were the accessibility via the
Internet, the high quality of digital images coming from PACS and the constantly
updated content.

2.2.3 Web-based Applications and Platforms

The most recent approaches in distance learning for healthcare professionals in medical
imaging, radiotherapy and nuclear medicine including Radiographers regard the
construction of web-based applications, which incorporate e-modules, e-courses,
multimedia, distance practice and knowledge assessment. The following applications
are indicative:

o CTSim - Computed Tomography Simulation (Stowe et al., 2021), open-source
simulator consisted of web-based graphical user interface

e E-learning Course on Breast Imaging for Radiographers (Moreira et al., 2015),
web-based platform using simple and wide-spread technologies, such as
Hypertext Preprocessor (PHP), HyperText Markup Language (HTML),
JavaScript and Extensible Markup Language (XML).
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e OpenPhys - Open Education Physics for Medical Radiation Technologists (Vo
& Sharp, 2019), web-based software developed with open-source tools and
capable of housing all content types, such as text, images, graphics etc.

Also, there are several web-based platforms with pedagogical content for
Radiographers' continuing education. Eurorad is a web-based platform, where
healthcare professionals from the fields of medical imaging, radiotherapy and nuclear
medicine can browse teaching cases, submit their own cases and take quizzes. Medical
Professionals website delivers text-based, interactive and animated courses for
Radiographers and Radiologic Technologists, while providing accreditation with
course's completion. Radiology EDU is a web-based company, which provides online
training for Radiographers and Radiologic Technologists with a membership. RadTrain
is another company, which provides online continuing professional development to
Radiographers working in computed tomography.

Societies of Radiographers and Radiologic Technologists have also contributed to the
spread of continuing education using digital technologies. Indicatively, the European
Federation of Radiographers Societies (EFRS), the International Society of
Radiographers and Radiologic Technologists (ISRRT), the International Atomic
Energy Agency (IAEA) and the American Society of Radiologic Technologists
(ASRT) offer online resources for radiography continuing education. These continuing
education resources contain recorded lectures, presentations, blogs, e-modules and
multimedia for the concepts' comprehension. Tele-education platforms such as Webex
and Zoom are used to deliver live lectures and presentations.

2.2.4 Simulation in Virtual Environment

Virtual environment is the term used to describe the human-computer interaction when
human is integrated into a computer-generated imaginary world. The term emphasizes
the absorption of the object by the virtual environment. (Apostolakis & Stamouli,
2008). The next step in personalized radiography distance learning seems to be the
virtual teaching (Wilcha, 2020). This approach regards simulation in a virtual
environment, using web-based simulation platforms and virtual reality (VR)
equipment, such as VR glasses. The main advantage of this approach is that the user
can develop his clinical skills in a safe environment (O’Connor et al., 2021), making
errors without the risk on the patient and reduce errors in real clinical practice.

2.2.5 Social Media-based Content, Web and Mobile Apps

It should not be overlooked to mention the digital educational material created from
Radiographers, which is freely accessible via the Internet. Such material is wikis,
podcasts, blogs, vidcasts and all kind of multimedia content in social media, like videos
and images, explaining radiographic or radiotherapeutic aspects. They offer dynamic
information in training of health professionals, including clinical research, giving at the
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same time the opportunity for participation and cooperation (Apostolakis &
Egglezopoulou, 2012). Also, mobile applications or apps for smartphones and tablets
are included in this category. These apps integrate images and text, to deliver
radiographic or radiotherapeutic aspects, such as patient positioning, dose management
and procedures' protocols (Kauffman et al., 2020).

3. Development of an E-learning Platform

Coverage of the target population educational needs and ease of system’s
administration are essential for the success of a distance educational program.
Therefore, detailed specifications are required, regarding the identification of
educational needs, the validation, implementation and assessment of the educational
program (Varlamis & Apostolakis, 2006). Figure 1 shows the proceeding for the
implementation of a distance educational program from the identification of
educational needs of potential trainees until program’s evaluation from trainees. Each
phase is explained in the next paragraphs:

Learning design Leaming production Learning deployment Learning assessment
(Identification) (Validation) {Implementation) {Evaluation)

Figure 1. Flowchart of Educational Program Implementation

3.1 Learning Design

At this phase, research for the identification of target population specifications and
trainees’ profile is essential. The role of scientific associations is crucial, as they can
deliver and collect questionnaires in many members, investigating their educational
needs. Also, scientific associations consist of senior Radiographers, who are informed
for their colleagues needs.

3.2 Learning Production

The aim of this phase is the validation and adoption of the learning program’s
formation. The program with the contents in its final form recommends a product,
which must be attractive to the prospective user. Therefore, a group of experts is
required. Usually, this group consists of a program director, a specialist expert, a web
designer, a multimedia technician, a program developer and a course designer
(Chalazonitis et al., 2008).

3.3 Learning Deployment

This is the phase of the program’s implementation at its final form.
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3.4 Learning Assessment

This is the phase that will provide feedback for the delivered quality and possible future
improvements of the program. The trainees will complete an online anonymous
questionnaire for the evaluation of instructors and content for each module separately
and for the overall evaluation of the entire program (Chalazonitis et al., 2008).

4. Characteristics of an E-learning Program for Radiographers

An extensive report is made below on the case of building an e-learning platform for
Radiographers, based on the available e-learning tools currently used in Greece.
Additional features are also suggested based on the international literature for future
incorporation.

4.1 Learning Management System

Learning management system (LMS) is a web-based platform, usually accessible via
user’s registration to an educational program. E-class and Moodle are such platforms,
used by many educational organizations in Greece, from elementary school to
postgraduate programs. E-class is an open-source software and supports the
asynchronous distance learning. Moodle is also an online open-source learning
platform, which provides capabilities for asynchronous and synchronous distance
learning. These platforms incorporate the following features:

¢ educational digital content library, which can be updated,

e e-mail for communication with instructors, administrators and other trainees,
e calendar and timetable,

e progress monitoring tools,

o links to external web locations,

e forum,

o tele-education for synchronous distance learning (Moodle),

e courses and instructors’ evaluation tool,

e Quizzes,

e capability of account personalization.

Thus, a LMS is essential to conduct and evaluate an educational program. Blackboard
is another LMS referred in the literature and can integrate medical image viewer as a
plug-in feature (Burbridge et al., 2019).
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4.2 Tele-education Platforms

Webex, Zoom, Adobe Connect, GoToWebinar are platforms for synchronous distance
learning. These platforms allow to users to meet online at the same time, using their
camera and microphone. They incorporate the following features:
e webinar set up,
files exchange,
chat in public or privately,
screen sharing for presentations,
guestions and answers (QA),
breakout sessions for collaborative work in groups,
session recording for uploading at LMS, web location or social media,
polls.

The use of a tele-education platform is essential for synchronous learning and can
integrate as an add-on feature with Moodle LMS, according to Moodle plugins
directory.

4.3 Educational Content

The identification of cognitive topics should be done in collaboration with the potential
trainees. The issues will concern theoretical and practical real problems and situations
that the trainees are called to face in their work routine. Potential educational content
is each file in digital format, that can be uploaded on the LMS. These files are:

e recorded lectures and presentations,

e e-books,
e learning resources and external web links,
e articles,

e multimedia files repository.

The educational content can follow the hierarchy course — modality — module —
components. A system construction (fig.2) with the previous hierarchy can serve
several courses, including different imaging or therapeutic modalities. The following
modalities are indicatively mentioned:

e computed tomography (CT),

e magnetic resonance imaging (MRI),
o linear accelerator (LINAC),

e digital radiography (DR),

e interventional radiology (IR).

Each modality can be separated in e-modules, including lectures for the theoretical
issues of each modality. Subsequently, each module can include the components for
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the comprehension of the practical issues of each modality, such as animations,
simulation, illustrations and examples (Zhao et al., 2013).

[ ]
Log in to Choose Choose Choose
LMS course modality module
End/next Evaluate Access to
course course Taksieat components

Figure 2. Flow diagram of the proposed LMS model

4.4 Medical Images Repository and Viewer

The purpose of this features is to deliver high-resolution medical images to trainees, to
understand how the exposure, scan and reconstruction parameters affect the quality of
the image. Also, high-resolution medical images are useful for the comprehension of
anatomical regions of the body and pathologies.

According to literature, a medical image viewer can be integrated as a plug-in feature
in a Blackboard LMS (Pinelle et al., 2012). A PACS server for medical images retrieval
and a web-based medical images repository for image cases storage are essential
components (Hsiao et al., 2006). Medical Imaging Resource Center (MIRC) is a server
program, which can be used as a repository (Gentili et al., 2007). Briefly, the steps for
viewing and interacting with medical images through the LMS are explained below and
shown in figure 3.

e The course designer must retrieve an image or a dataset of images from PACS
server, create a teaching case on his workstation and store it on the MIRC
server with a uniqgue URL address (Tchoyoson et al., 2003).

e Secondly, the designer must create a corresponding course web page in
Blackboard LMS with the same URL address, created in Hyper-Text Markup
Language (HTML).

o When a user of the LMS visits that course web page, the web page requests
content from the MIRC server and loads an image viewer plug-in. That allows
user to view and interact with the image stored in the server via LMS.

Theoretically, the same actions can be done in any LMS, which supports integration of
HTML pages with embedded JavaScript (Pinelle et al., 2012). Today, they existence of
open-access medical images repositories on the Internet can facilitate course designers
to search and integrate the desired medical images in LMS, without the use of a PACS
server.
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PACS server

Course web page
viewing request
from trainee

Creation of HTML
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-
to LMS with same URL Image (teaching case) .
viewing in user’s
Course pc/smartphoneitablet User
i via LMS course web .
designer bt (trainee)

(trainer)

Launch image LMS viewing
viewing to LMS reguest to MIRC

MIRC server
(anonymized cases)

Figure 3. Representation of LMS operations for image viewing

An alternative option for medical images viewing is the web based DICOM viewers
and DICOM image libraries. DICOM is the acronym for Digital Imaging and
Communications in Medicine standard and created by the National Electrical
Manufacturers Association (NEMA). DICOM standard is used to store, exchange and
transmit medical images, produced from medical imaging modalities, such as CT, MR,
ultrasonography and digital radiography (Kahn et al., 2007).

4.5 Simulation and Virtual Learning Environments

A virtual learning environment (VLE) is a simulation system in a computer, where the
trainee can interact with the system to understand concepts. A VLE can be used to offer
more engagement to the trainee. The simulation system incorporates different
simulation scenarios, which are an artificial representation of the real-world events
(Harrington & Simon, 2021). Animations are also used for concepts’ comprehension.
The importance of simulation in clinical skills’ development is the practice in a safe
environment, without any risk to patients, giving the chance to trainees to investigate
and reduce errors. Designing an effective simulation system requires careful planning.
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According to Harrington & Simon (2021) the following must be determined before
designing the system:

Awareness of the prospective users’ cognitive and empirical background is

crucial, so that the delivered system can fulfill its purpose.

Intended outcomes, including the knowledge acquired and the reaction
(perception, expectations, behavior) of the trainee from interaction with the

system.

Context, including type of cases and equipment.

Goals and objectives from the system’s implementation. S.M.A.R.T. criteria
template must be used for the goals and objectives of the simulation system
before its design. Thus, goals and objectives must be Specific, Measurable,

Achievable, Relevant and Timely.

To deliver high-quality imaging services, a Radiographer must be highly qualified. An
online interactive simulation system can enhance Radiographer’s skills in clinical
practice and systems operation and configuration. Knowledge of the following aspects
in daily practice of Radiographer is necessary:

Patient positioning, management and safety.

Patient dose optimization.

Image quality optimization.

Imaging techniques and protocols.
Physical principles of imaging methods.

Quality assurance of imaging and equipment.

Taking these points into consideration, a VLE for Radiographers in medical imaging
for example can consists of mostly used imaging modalities, such as digital radiography
(DR), digital mammography (DM), computed tomography (CT) and magnetic
resonance imaging (MRI). Each modality section can include the following modules,
as shown in figure 4 (Dikshit et al., 2005):

Principles (text,
multimedia

Interactive
Animations,
Simulation
Scenarios

Imaging Modality
(DR, DM, CT, MRI)

External Links to
Additional
Educational Material

Figure 4. Features of a Simulation System
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5. Educational Process

Distance and e-learning environments need new learning models to deliver successful
operation and outcomes (Apostolakis et al., 2008). These models are explained below:
o Incollaborative learning both instructor and trainee are involved in the learning
process and learn from each other. The interaction between them helps the
increase of knowledge and communication skills’ improvement. Collaborative
learning is supported from web tools such as tele-education and tele-conference
platforms and forums.

e Inactive learning the instructors assume the role of mentors, while learners set
their goals and decide how they will succeed. This learning process is not based
only on the resources suggested by instructors, but trainees gradually discover
and use material from their own research.

e In constructive learning the educational content is based on the cognitive and
empirical background of the trainees. This model regards a way of training,
where the instructor and trainee interact in a unique way, with emphasis in
trainee’s role.

e In personalized learning the trainee learns, researches and deepens
independently of other trainees, even though belongs to the learning
community. Computers and the Internet facilitate the personalized learning
since the trainee is in constant interaction with the educational material. Thus,
each trainee is responsible for his progress.

It is concluded that the previous models put the trainees in the center of the educational
process, in order that they are responsible for their choices. Trainers can be
Radiographers, Radiologists and Medical Physicists with academic and scientific
background and with extensive experience in imaging or therapeutic modalities.
Professional recognition and special training at adults’ education are required to inspire
a sense of confidence in trainees.

6. Discussion

According to international literature, there are several approaches, designing an
interactive simulation system for Radiographers. An approach in Radiographers skills’
development is the interactive manipulation of medical images. Papamichail et al.
(2015) developed a web-based, open-access educational platform for image
reconstruction and processing from tomographic modalities such CT. In this project,
the pedagogical objective was the comprehension of the effect from reconstruction and
processing’s methods applied on medical images. This project implemented in medical
students, but it could be a useful tool for newly qualified radiographers to familiarized
with image reconstruction, processing and radiographic anatomy.
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CTSim is an interactive computer simulation system for learning the fundamentals of
dose optimization in CT (Lee et al., 2014). The simulation system calculates the CT
dose index, effective dose and dose-length product, according to user’s selected scan
parameters, scan length and CT equipment (simulation scenario). Then, the system
compares the delivered dose with the diagnostic reference levels, to determine whether
the delivered dose is low, average or high. Stowe et al. (2021) also investigated the
effectiveness of a CT simulation intervention in education. The pedagogical objective
of the simulation system was the comprehension of the effect of different scan
parameters in patient’s image quality. The simulator implemented in student
radiographers.

The case of Virtual Environment Radiotherapy Training (VERT) system illustrates the
used with a virtual linear accelerator, equipment and a patient (Kane, 2018). This
simulation system is used for training of radiation therapists.

Biermann (2016) described an online course for nuclear medicine specialists, delivered
by an e-learning system. The system utilized the combination of three platforms, a web-
conferencing platform, a nuclear medicine image viewing and processing system and
Moodle LMS. The program consisted of online lectures and anonymized teaching
images.

O’Connor et al. (2021) piloted a 3D virtual simulation tool in an undergraduate
radiography curriculum, concluding that an interactive simulation tool is valuable in
radiography education. The software used for the purpose of the study was one of the
latest, built from 3D real-time datasets and using VR equipment. These offer interactive
elements to users, so they can actively participate in the simulation environment
through their avatar (Sapkaroski et al., 2018), instead of sitting in front of their
computer screen. The latest years many simulation-based education systems are
available as commercial products.

7. Conclusions

It turns out that the digital technologies for the development of an e-learning system
for Radiographers’ lifelong professional education are already available. Such a system
can be built as a LMS with open-source software, such as E-class and Moodle. These
platforms can incorporate lectures, presentations, multimedia, documentation and links
to external web resources. Moodle can also incorporate add-on features with the use of
third-party software plug-ins. Also, these platforms can be used to monitor trainees’
progress and educational process feedback. So, our proposal primarily focuses on the
development of a LMS using E-class or Moodle open-source software, which are
already being used from many educational organizations, trainers and teachers in
Greece. The development of a VLE is a more complex and costly task and concerns
future work, as it requires special software design, specialized group of technicians and
developers and additional equipment.
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Hepiinyn

To mpdypappo omovdwv g Aktivoteyvoroyiog otnv EAAGda meptlapfdver podnuoato, to
omoia TopEyovy TS Pacikég yvdoels otov amdpotto Texvordyo AKTIVOAIYO, TPOKELEVOL VA
£PYOOTEL OTO TUALLOTO LOTPIKNG OTEKOVIOTG, akTivoBepameiog 1 mupnvikng tpikns. H dia fiov
ekmaidevon Kot ovamtuén tov Teyvoldyov Axtivoldyov Bewmpeitar omapaitntn katd ™)
Supkeld TG EMAYYEALATIKNG TOL oTododpopiog, Adym g e&EMENC g ProioTpikng
TEYVOAOYIOG KOL TV VEDV TEYVIKMV L0TPIKNG AmeoOVIong kot aktvobepaneiog. Avti n epyacia
€XEL WG GTOXO Va. TPOTEIVEL Eval YnPlakd HovtéAo dta Biov emayyeAlaTikng eKTaidevong Kot
avantoéng o tovg Teyxvoddyovg Axtivoldyovs. Mo BipAoypoeiky  avackoémnon
npoypatonomdnke ot Pdon PubMed oyetikd pe tig apyég mov SETOLV TNV KOTOOGKELT|
Ynolokdv poviédov ekmaidevong yuw Texvoldyovg Axtvoddyovs. O oyedGHOG oG
TAOTEOPHOG YNOLKNG ekmaidevong Oa mepthapuPavel epyaieio. nAiektpoviknig pabnong, to
omolo. elvar MON dwbécia Kot ypnolporolovvtal and ekmadevTikods opyavicpovc. H
GLYKPOTNON LG EUTELPNG OEMGTNHOVIKNG OpLAdag eival amapaitntn 1060 TNV EKTOOEVTIKY
dwadkacio 660 Kot 6To oYeSoUO TOV HOVTEAOV.

AéEarc khewdrd: Teyvordyotr Axtivordyot, Pnoaxég Teyvoroyieg, Exnaidevomn, Avamtoén.
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