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Introduction

The implementation of teaching innovations is a process
that requires planning, rigour in its application and sub-
sequent evaluation of the results, in order to demonstrate
the validity of the innovation. Throughout history, changes
have been introduced in the way teaching has been deliv-
ered, generally applied according to the circumstances of
the moment. Teaching based on reflection and the example
of the Greek classics or teaching by means of lectures in the
Middle Ages has been and still is used today. However, soci-
ety has changed considerably and the media available today
means that the student is no longer so much concerned with
what the teacher is passing on, but turns to other sources of
information that are more attractive to him or her or better
suited to his or her way of learning.

In this context, different teaching methodologies have
emerged that have adapted the useful principles of clas-
sical methods to the current reality and current needs,
where skills learning is a priority; where teachers must find
among the tools at their disposal, those that help them to
improve the transmission of knowledge; while the student
must accept that this is the time for responsibility and per-
sonal autonomy in order to grow. Students must not only
know, but also show how to do and even how to be.'-3

The aim of this article is to review and provide informa-
tion on the different methods that have been developed in
recent decades in the field of teaching in general and that
are being applied in university education and, therefore, in
the teaching of radiology.

Innovation and new teaching methodologies

Innovation is a process that seeks to improve the quality of
teaching. It involves being clear about the objectives to be
pursued, the method to be used and evaluating the effec-
tiveness of the changes. Increasingly, the various teaching
techniques focus on learner development and active learn-
ing, self-learning and collaborative and cooperative work.
*One should not aim to revolutionise teaching: it is prefer-
able to create quality content little by little rather than a lot
of poorly thought out and poorly put together resources’’.’

The new teaching methodologies are characterised by a
number of features that define teaching in terms of trans-
formative learning.? These features are:

Competence training

Competence is defined as the set of knowledge, skills and
attitudes that students must develop and attain through-
out their academic education. This requires knowledge to
be generated and passed on. Learners need to have inter-
nalised the basic knowledge, and it is not useful just to learn
how to look it up. They need to acquire specific skills or abil-
ities that they can apply in their future careers, and also to
develop attitudes that will allow them to develop personally,
generating a spirit of growth.

Training in true critical thinking
Teaching the learner what is important in any problem or
process, to weigh up different points of view, to know how

to ask key questions, what purpose is being pursued, to con-
sider the possible implications and their consequences.

In this area, teaching should focus on providing the
material and posing thought-provoking questions, allowing
time for reflection and facilitating comparison with others.
Teaching dialogue, argumentation and creativity.

Promoting learner autonomy
Autonomous learning is a process that allows students to
be the protagonist of their own development, being able to
reflect on their own learning process and to make personal
decisions in line with this reflection, as well as integrating
their own education and training, that received from the
teacher and that from their peers, into the learning process.
The task of the teacher is to guide this learning to gain
autonomy so that students set realistic goals for themselves,
encouraging self-evaluation, reflection and critical thinking,
as well as tolerance of frustration.

Building a sense of service

Generating in students the responsibility of service to oth-
ers, with generosity, which leads them to confront the
problems that arise in society and to try to find the best solu-
tion. Research and teaching should be reflected in others.
Transmitting ethical values and generating human relations.

Training in integrated and integrative knowledge

The compartmentalisation of knowledge has led to special-
isation, but it must promote spaces for reconciliation and
dialogue between subjects. It requires integrating knowl-
edge, teachers and teaching methods.

Teaching methods or techniques

Flipped classroom

Flipped learning is a pedagogical model that has proven its
effectiveness through different means.*=° It consists of pro-
viding the student with the study or learning material, so
that he/she can work on it independently, before attend-
ing a face-to-face session with the teacher. This is mainly
used to facilitate and enhance other processes of knowledge
acquisition and practice in the classroom, such as resolving
queries, highlighting important aspects, clarifying difficult
concepts or raising issues of interest related to what has
been learned. In so doing, at the end of the class, the stu-
dent has developed thinking skills beyond remembering or
learning, favouring more meaningful learning.

This methodology is based on four pillars: flexibility of the
learning environment, a culture of learning, pre-determined
content and the changing of the teacher’s role.'

Teachers no longer only pass on knowledge, but must be
multidisciplinary and a facilitator. They create the content,
guide the learning process and provide continuous feed-
back to the learners. This allows the teacher to focus on
clarifying complex problems in a more personalised and
learning-friendly way.

The materials can be self-produced texts, selected arti-
cles, book chapters, videos, case studies or case studies with
commentary, etc. This material, which the learner receives
in advance to work with, should be sufficient for the acqui-
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sition of the fundamental knowledge and enable learning,
but not so excessive that it requires too much time to work
through and understand. Content will be assimilated partly
through their personal activity of study, research and dis-
covery.

The face-to-face session can be structured in different
ways, but it is recommended to evaluate what has been
learned by means of surveys or tests, before or at the begin-
ning of the class. This allows the teacher to find out whether
students have internalised the knowledge and to identify the
points of greatest difficulty.*” Based on the results, the class
can focus on resolving queries or concisely presenting the
relevant aspects. The main part of the face-to-face class is
used to practically apply previously acquired knowledge by
posing and resolving problems

Results in published studies show that this methodology
has advantages over the traditional classroom, improving
assessment results and student satisfaction.*”°

In summary, the learner studies the recommended mate-
rial before the class, a short evaluation is carried out that is
used to detect any deficiencies, and the face-to-face session
is used to resolve queries, emphasise the important aspects
and put the acquired knowledge into practice.

Team-based and cooperative learning

Team-based learning (TBL) is a methodology based on flipped
learning that favours active and effective learning and
teamwork,'® which can be applied to large groups of learn-
ers.

Students acquire knowledge individually by reviewing the
materials prepared by the teacher before the class. The
class is then divided into groups of five to seven students.
The groups should ideally be heterogeneous in terms of the
ability of the students, and should be maintained throughout
the course in order to foster cohesion."

Once distributed, an individual test is given to check the
level of preparation. This test is administered at the begin-
ning of the class to motivate students to arrive with the
material prepared. The students then repeat the same test
in teams, generating a discussion within the groups that
favours learning through contributions by each individual
member. To be sure that students have acquired the knowl-
edge, the teacher offers a short discussion or mini-lecture
to clarify key concepts or those that remain problematic for
the students.

After this first part, the knowledge gained is applied prac-
tically, solving significant problems pertaining to the subject
studied.

Teams of students jointly discuss and find solutions to sig-
nificant subject-related problems, applying what they know.
This dynamic allows them to broaden their knowledge, make
judgements and decisions that are presented to the class
as a whole. This can be followed by a discussion, where
students receive specific and timely feedback on the qual-
ity of their thinking and the process of arriving at their
decision. ™

The design of the problem or case is key to ensuring
the learning outcomes of the teaching activity. The problem
designed must comply with the 4S framework:°

e Significant problem: significant or relevant problem per-
taining to the subject.

e Same problem: same problem for all teams.

e Specific choice: must have a specific and clear answer.

e Simultaneous report: must be answered by all teams at
the same time.

This framework requires an average time of two to
three hours and is ideal for integration sessions with other
subjects. In our experience, we have applied it in the sub-
ject of anatomy, combining physics, radiology and classical
anatomy problems.

A variant of this methodology is what Robert Slavin'®
defines as cooperative learning, a process in which stu-
dents work together in groups to master material initially
presented by the instructor, such as a clinical-radiological
case. For this methodology to be useful, teamwork must
be encouraged as much as possible, promoting interaction
between students so that they learn the content and didac-
tically encouraging or promoting the need for them to work
together.

The teacher must foster conditions conducive to effec-
tive cooperative action. For true cooperative learning
to take place, five basic elements must be taken into
account:"?

e Positive interdependence. Students need to feel that they
are linked to others in the group in such a way that their
own success is conditional on the success of others.

e Interaction. Students should be able to stimulate each
other’s efforts and personally promote each other’s learn-
ing.

e Personal responsibility. Each student must be responsible
for his or her part of the teamwork. The teacher should
evaluate individual efforts, provide feedback to groups
and individuals, and ensure that everyone is accountable
for the final outcome.

e Social and small group skills. Students have to learn both
academic subjects and the skills needed to function as
part of a team. The more these skills and knowledge are
developed, the better the outcome of the activity will be.

e Evaluation of the group process. In addition to assessing
the work done by each individual student, the teacher
must assess the teamwork of the students so that the
group is committed to working cooperatively.

The teacher should'®:

e Plan conceptual and attitudinal objectives; create groups
and distribute students accordingly; determine working
time; generate and provide learning materials; and assign
roles to group members.

e Explain to students the methodology and what they will
be doing during the lesson.

e Coordinate the lesson, supervise learning groups and
intervene and assist, where necessary, to improve task
execution and teamwork.

e Organise post-lesson activities, promote reflection within
the group on how the group functioned and evaluate how
the groups functioned during each session.
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Evaluating this methodology requires extensive expe-
rience in handling groups and being attentive to the
development of group work, based on criteria that are as
objective as possible."

In short, it is about peer learning or teaching each other
by working together to improve each other. Groups may have
uncooperative elements, but these are aspects that then
also occur in daily practice and students must learn to man-
age them. It requires the teacher’s expertise to maintain the
group dynamic and identify problems.

Case-based teaching

The case method is a methodology that involves presenting
the definition and description of a case, an incident or a
real-life event.! Studies, articles or texts can be added to
complement the reading and subsequent research, but the
defining feature of this method is that the case being worked
on is something that has occurred in real life.

Case studies are interesting when you want to bring an
element of reality into the classroom, when the area of
study is complex or when you want to work on skills such
as analysis, understanding, discussion and group work or the
search for possible solutions to a problem. In radiology, it
is a widely known and applied methodology that encour-
ages active learning in the student, because it starts from
the specific and then moves on to the general.' Cases can
be used to generate discussion, deciding on concrete solu-
tions or simply without arriving at a single solution. The
role of the teacher in a case study is to lead the discussion
and promote sharing in relation to previously set learning
objectives.

Working with actual cases is very dynamic and engaging,
both for the teacher and the students. A clinical case and its
basic information can be used as a starting point to work on
issues such as the indication of complementary tests. The
corresponding images can then be shown, followed by a dis-
cussion of the technical quality, anatomical aspects, signs
of pathology, their relationship to symptoms, differential
diagnosis, further recommendations or treatment. Sharing
or discussing with peers is an important part of the learn-
ing process for students. This allows the teacher to better
understand how they process the content, the type of think-
ing and relationships that are established. It also allows for
the identification of possible gaps or difficulties in the stu-
dents’ understanding.'

In short, this is a common and well-known practice that
should be developed more widely, usually in small groups.

Problem-based learning

This is a methodology that promotes self-learning and
reflection by the student by employing reasoning strate-
gies to combine and summarise the information provided
by the problem or situation into one or more explana-
tory hypotheses. In so doing, it enables students to
identify learning needs and, based on what they have
learned, to identify principles that can be applied to other
situations/problems.’ It can be applied to small groups of
students.

One of the most commonly-used frameworks in problem-
based learning (PBL) is described below, done over two
sessions.

First session:

Step 1. Presentation of the problem to the group, usually
in writing.

Step 2. Inductive work with instructions to discuss the
problem and identify learning objectives of interest to the
group.

Step 3. Selection of study topics and in-depth study
(learning objectives).

Individual work by the student, which explores in depth
the agreed learning objectives in relation to the problem
posed. This can take place over a period of one or several
days.

Second session:

Step 1. Learners present their topics and discuss within
the group what they have learned, identifying areas of doubt
related to the learning objectives and relevant to the prob-
lem.

Step 2. Teacher clarifications and discussion, solving the
initial clinical case.

Teaching based on PBL in undergraduate medical edu-
cation, and therefore also in radiology, is being developed
in some universities.'>"" Several articles have analysed the
effectiveness of PBL in radiology teaching, which allows
integration with pathology and anatomy and helps the stu-
dent to understand the importance of radiology in medical
practice.'®"” PBL appears to be more effective in radiology
education than the traditional teaching method, with posi-
tive effects on students’ interest in learning, team spirit and
oral expression.'® "

In short, it is a proven and well-structured methodology
to be implemented in separate sessions with small groups.

Online teaching

The COVID-19 pandemic forced the development of online
training using the tools available at the time, convert-
ing primarily face-to-face education into completely virtual
learning. Most opted to convert traditional classes into
videoconferences. However, online teaching tools are highly
diverse and provide new environments that are more flexible
and adaptable than traditional learning methods, enriching
the content.??
Online training tools?":

e Virtual lectures (videoconferences, audio presentations).

e Interactive case reading - radiological case files - cases
of the day.

e E-learning courses and tutorials.

e E-mail, forums, chats, videoconferences, telemeetings,
etc.

o Atlases, image collections, radiological case files.

e Image search engines.

e Websites of radiological journals. Article and journal
search engines.

Virtual learning environments, also called learning mana-
gement systems and virtual classrooms, are educational
platforms that allow different educational materials (includ-
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ing videoconferences, tutorials, study material, links to
external resources, quizzes, practical tasks, etc.) to be
implemented and organised and learning to be assessed,
while facilitating communication between teachers and stu-
dents through discussion groups and collaboration.?’

As a whole, they are considered complementary to
the other methodologies, but complete courses on specific
subjects can be configured, exploiting the use of these tech-
nologies to ensure that students acquire the necessary skills.
The study by Viteri Jusué et al.?' demonstrates the effec-
tiveness of this type of specific course in improving radiology
learning.

Teaching simulations

Simulations are teaching initiatives that allow students to
experience their future professional activity. The student
applies their knowledge learned and puts skills into practice,
not just purely theoretical knowledge. Simulation promotes
the use of critical and evaluative thinking. Simulations
are formulated as problems that prompt students to come
up with proposed solutions. Simulation stimulates learning
because students experiment with different concepts. Both
their emotional involvement and their memory retention
capacity are higher."

There are different types of simulation, some of which
are more suited to particular subjects of study than oth-
ers. Most simulations involve elements of theatre, games,
competition or metaphor, and even actors, which are very
commonly-used in medical and nursing subjects.?> Manikins
are now available in medical faculties that facilitate learn-
ing and manipulation even with ultrasound simulators.

Where infrastructure such as simulation classrooms are
available, complex medical scenarios can be recreated to
put the student’s knowledge and their practical and atti-
tudinal skills into practice, involving different specialties.??
Radiographic and ultrasound equipment can be made avail-
able to recreate the scenario and force participants to
practice and solve diagnostic imaging problems.

Learning for an OSCE (objective structured clinical exam-
ination) can be considered to fall within this methodology
and can be used for both summative and formative assess-
ment.

Gamification or game-based learning

Gamification is a learning methodology that brings the
mechanics of games into the classroom environment in order
to facilitate learning for students. It is essential to be clear
about the learning objectives of the game: think about
objectives that are aligned with the subject and that help
the learner. To avoid the common misconception that games
are superfluous entertainment, it is important to commu-
nicate clearly to learners the objectives pursued and to
promote more active participation, which increases moti-
vation and stimulates learners’ social connections.'

The gamification techniques used in the classroom should
follow a development process that Marne et al. define in six
facets:?

Pedagogical objectives: define the scope and represent
it through models indicating the domain of knowledge. The

modelling should be constructed together with the pedagog-
ical experts as they are the ones who provide the context.

Domain simulation: the game should have clearly estab-
lished rules and parameters.

Interactions with the simulation: the mode of interaction
is important because it leads the student to learning.

Problems and progression: the methodological route that
places the series of learning challenges in the order required
to achieve the objective. Feedback concerning the progress
made by the player should also be specified.

Decorum: the multimedia elements used to attract the
player’s attention.

Conditions of use: specify by whom, when, where and
how the game will be used.

The context in which the game serves its purpose and
the rules of that context should be specified. A game can be
virtual or asynchronous, played as a group or individually,
to name but a few variations, but always with a learning
objective.?*

Gaming has proven to be effective in the training of
healthcare professionals and has an important role in under-
graduate and postgraduate training in diagnostic radiology.
These activities can be carried out either in real environ-
ments or in classrooms or meeting rooms, but there are also
interesting online modalities that favour remote access and
user management.?

Various experiences have been published, such as Escape
rooms, team or individual competitions, both face-to-face
and online using applications such as Kahoot or in virtual
environments.?

Personalised tutoring

Personalised counselling programmes for the development
of professional and personal skills is a methodology that
allows for personalised educational development, provid-
ing, in addition to theoretical and practical knowledge, the
acquisition of attitudes.! Personalised teaching of one or
more learners involves the direct transmission of knowledge,
attitudes and values, usually in a practical environment.

In this methodology, the relationship between teacher
and student is very close, with the teacher being the role
model, the guide in the transmission of knowledge and the
stimulus for learning. In radiology, the student comes not
only to listen to information, but also to learn why a study is
performed, how it should be read, what the implications of
the results are and what the radiologist’s job is in the whole
process.

This methodology is usually accompanied by forma-
tive assessment, with mini-CEX (Mini Clinical Evaluation
Exercise)?® tests where the student demonstrates their skills
with real cases and applies what they have learned, by
implementing structured rubrics appropriate to the prac-
tice. This is followed by the tutor’s recommendations and
the student’s own reflection on the effort they have made
and the achievement of the objectives, accompanied by rec-
ommendations or suggestions and complementary materials
for their achievement.'

In short, it is the individual learning that takes place in
clinical practice and requires some structure to achieve the
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Table 1 Summary of teaching methodologies.

Method Characteristics

Requirements

Flipped classroom Large groups

Personalised to the learner

Team-based learning Large groups
Structured approach

Cooperative learning Small groups

Peer-to-peer learning, teacher-led

Case-based learning Small groups

Dynamic and reality-based

Problem-based learning Small groups

Very structured

Student engagement and teacher
flexibility

Learner engagement and knowledge
of group dynamics

Learner engagement and knowledge
of group dynamics

Knowledge of the dynamics of
learning in groups and leading them
Divided into several small group
sessions

Promotes reflection and student work

Online teaching

Unstructured student work,
depending on their availability
Dynamic and based on real cases

Teaching simulation

Game-based learning Fun and appealing
Personalised tutoring
based on reality
Formative assessment
do not know

Recommendations for improvement

Highly diverse material

Direct and experiential learning

Knowing what you know and what you

Preparation of teaching materials and
assessment of student work
Establishing a relationship with the
distance learner

Specific infrastructure and adequate
preparation is needed

Requires clear rules and
infrastructure

Large and committed teaching staff

Feedback work

Preparation of multiple assessments

required skills, requiring the involvement of the coordinator
to teach and assess them appropriately.

Assessment

All the methodologies described, with their well-defined
pedagogical structure and varying effectiveness, must be
aligned with coherent evaluation. It is nonsensical to change
the teaching methodology, trying to get students to achieve
skills and deeper learning, if we do not adapt the assess-
ment systems. As such, the pedagogical effort of teachers
must also be oriented towards the design of assessment sys-
tems that make students demonstrate that they have met
the learning objectives of the different methodologies. The
multiple-choice test, which is widely used to assess the
knowledge of medical students, can determine the degree
of knowledge acquired at a particular point in time. It is
important that questions are asked correctly, avoiding neg-
ative statements, confusing or inconsistent distractors. In
addition, it is always advisable to carry out a subsequent
evaluation of each question to determine its validity, degree
of difficulty and discrimination.?” However, this type of exam
should be accompanied by other assessment methodologies:
short application questions, clinical case resolution, self-
reflections, mini-CEX, OSCE, etc., in order to obtain a more
objective and appropriate view of the student’s real learn-
ing and to assess not only knowledge but also skills and
attitudes.?®

A specific way of applying assessment is the so-called for-
mative assessment. This is a teaching element that promotes
personalised education, as it identifies learning difficulties

in the student during the learning process, which can be cor-
rected. New technologies make it easier to evaluate learning
development as often as is required.?’ This feedback allows
students to ‘‘identify what is important to learn, what they
have learned well and what they need to spend more time
on’’ .30

There are four characteristics of this methodology: the
specific organisation of the course, motivation, student par-
ticipation and constant feedback.?'

This methodology is complementary to any of the other
teaching techniques that may be used. It requires the cre-
ation of a large bank of questions, allowing randomised
use, classified by topic and designed to determine learning
progress and the acquisition of skills.

Although it requires intense dedication on the part of the
teacher to develop quizzes, apply them, evaluate responses
and propose improvements in learning, it is currently one
of the most widely-used forms of learning in Spanish spe-
cialty training (Médico Interno Residente, MIR) programmes,
together with simulations. From these, the learner deduces
his or her level in relation to the environment or the
teacher’s requirements, considers areas for improvement
and establishes needs.

Even in face-to-face classes, it is advisable to start with a
short questionnaire that can nowadays be administered with
immediate-response applications through electronic devices
(mobile phones, tablets or computers), which allows stu-
dents to review their knowledge of topics already taught or
to determine what they know about the topic to be taught.
It is a useful tool to identify the student’s starting point and
to get the learner used to the type of questions that will be
posed in the final or summative assessment.
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A summary table of the methodologies is included
(Table 1).

Conclusion — final reflection

The application of new teaching methodologies seems nec-
essary in a changing teaching environment that requires
continuous improvement of student-centred teaching.

All the methodologies discussed above seek to encourage
self-learning and reflection by the learner, accompanied by
a change in the role of the teacher. However, they must
be applied with a clear understanding of the objectives,
selecting and using the most appropriate tools and objec-
tively evaluating the results, remembering that, ultimately,
what makes the system work is not the structure or the tech-
nology, but the passion of the teacher, the commitment of
the learner and the personal relationship between them.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Authorship

J.D. Aquerreta Beola: Drafting of the manuscript.
L. Arbea Moreno: Revision, correction and important con-
tributions.

References

1. Fernandez-Gubieda Lacalle S. Docencia Rubic. Aprendizajes de
la ensenanza universitaria en tiempos de la covid-19. Pamplona:
Ed. Eunsa; 2020.

2. Miller GE. The assessment of clinical
skills/competence/performance. Acad Med. 1990;65:63-7.

3. Cruess RL, Cruess SR, Steinert Y. Amending Miller’s pyra-
mid to include professional identity formation. Acad Med.
2016;91:180-5, http://dx.doi.org/10.1097/ACM.00000000000
00913.

4. Prieto A, Barbarroja J, Alvarez S, Corell A. Eficacia
del modelo de aula invertida (flipped classroom) en la
ensefanza universitaria: una sintesis de las mejores evi-
dencias. Rev Educ. 2021;391:149-77, http://dx.doi.org/10.
4438/1988-592X-RE-2021-391-476.

5. O’Connor EE, Fried J, McNulty N, Shah P, Hogg JP,
Lewis P, et al. Flipping radiology education right side
up. Acad Radiol. 2016;23:810-22, http://dx.doi.org/10

.1016/j.acra.2016.02.011.

6. European Society of Radiology (ESR). ESR statement on
new approaches to undergraduate teaching in radiol-
ogy. Insights Imaging. 2019;10:109, http://dx.doi.org/10.
1186/513244-019-0804-9.

7. Innova. Docencia para un aprendizaje transformador. [Last
accessed 7 March 2023]. Available from: https://www.
unav.edu/web/calidad-e-innovacion/foro-innova.

8. Hew KF, Lo CK. Flipped classroom improves student learning in
health professions education: a meta-analysis. BMC Med Educ.
2018;18:38, http://dx.doi.org/10.1186/512909-018-1144-z.

9. Ge L, Chen Y, Yan C, Chen Z, Liu J. Effectiveness
of flipped classroom vs traditional lectures in radiol-
ogy education. A meta-analysis. Medicine. 2020;99:e22430,
http://dx.doi.org/10.1097/MD.0000000000022430.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

396

elements of
2008:7-27,

Michaelsen LK, Sweet M. The essential
team-based learning. New Dir Teach Learn.
http://dx.doi.org/10.1002/tl.330.

Gullo CH, Cam Ha T, Cook S. Twelve tips for facili-
tating team-based learning. Med Teach. 2015;37:819-24,
http://dx.doi.org/10.3109/0142159X.2014.1001729.

Slavin RE. Cooperate learning. Rev Educ Res. 1980;50:315-42,
http://dx.doi.org/10.3102/00346543050002315.

Johnson DW, Johnson RT, Holubec EJ. Cooperative learning in
the classroom. Virginia: Association for Supervision and Curricu-
lum Development; 1994.

Crowe S, Cresswell K, Robertson A, Huby G, Avery A, Sheikh A.
The case study approach. BMC Med Res Methodol. 2011;11:100,
http://dx.doi.org/10.1186/1471-2288-11-100.

Branda LA. El aprendizaje basado en problemas: de herejia arti-
ficial a res popularis. Educ Med. 2009;12:11-23.

Casas Curto D, Vilanova Busquets JC, Pedraza Gutiérrez S,
Muhoz Monplet C, Maroto Genover A, Guirao Marin S, et al.
Guia del tutor en el aprendizaje basado en problemas. Pre-
guntas y algunas respuestas. In: Pereira J, Najera A, Arribas E,
Arenas M, editors. Actividades de Innovacion en la Educacion
Universitaria Espafola. Asociacion de Profesores Universitar-
ios de Radiologia y Medicina Fisica (APURF). Espafa: Creative
Commons 3.0; 2013. p. 35-46.

Subaramaniam RM. Problem-based learning: concept, the-
ories effectiveness and application to radiology teach-
ing. Australas Radiol. 2006;50:339-441, http://dx.doi.org/10.
1111/j.1440-1673.2006.01594.x.

Thurley P, Dennick R. Problem-based learning and radi-
ology. Clin Radiol. 2008;63:623-8, http://dx.doi.org/10.
1016/j.crad.2008.01.002.

Zhang S, Xu J, Wang H, Zhang D, Zhang Q, Zou L. Effects of
problem-based learning in Chinese radiology education: a sys-
tematic review and meta-analysis. Medicine. 2018;97:e0069,
http://dx.doi.org/10.1097/MD.0000000000010069.

Sendra Portero F, Muinoz NUnez CF. Herramientas de formacion
on-line en radiologia. Radiologia. 2011;53:498-505.

Viteri Jusué A, Tamargo Alonso A, Bilbao Gonzalez A, Palo-
mares T. Learning how to order imaging tests and make
subsequent clinical decisions: a randomized study of the
effectiveness of a virtual learning environment for medical
students. Med Sci Educ. 2021;31:469-77, http://dx.doi.org/10
.1007/s40670-020-01188-5.

Park YS, Hyderi A, Heine N, May W, Nevins A, Lee M,
et al. Validity evidence and scoring guidelines for standard-
ized patient encounters and patient notes from a multisite
study of clinical performance examinations in seven medi-
cal schools. Acad Med. 2017;92:512-20, http://dx.doi.org/
10.1097/ACM.0000000000001918.

Marne B, Wisdom J, Huynh-Kim-Bang B, Labat J-M. The
six facets of serious game design: a methodology enhanced
by our design pattern library. In: European Conference on
Technology Enhanced Learning; 2012. p. 208-21 [Accessed
26 May 2023]. Available from: http://www.springerlink.
com/content/nu37851452wh5204/

Aguado Linares P, Sendra Portero F. Gamificacion: con-
ceptos basicos y aplicaciones. Radiologia. 2023;65:55-65,
http://dx.doi.org/10.1016/j.rx.2022.09.010.

Liu C, Patel R, Ogunjinmi B, Briffa C, Allain-Chapman M, Cof-
fey J, et al. Feasibility of a paediatric radiology escape room
for undergraduate education. Insights Imaging. 2020;11:50,
http://dx.doi.org/10.1186/s13244-020-00856-9.
Fornells-Vallés JM. El ABC del mini-CEX. Educ Méd.
2009;12:83-9 [Accessed 26 May 2023]. Available from:
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S1575
-18132009000300004&ng=es

Murias Quintana E, Sanchez Lasheras F, Costilla Gar-
cia SM, Cadenas Rodriguez M, Calvo Blanco J, Baladron


http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0005
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0010
dx.doi.org/10.1097/ACM.0000000000000913
dx.doi.org/10.1097/ACM.0000000000000913
dx.doi.org/10.4438/1988-592X-RE-2021-391-476
dx.doi.org/10.4438/1988-592X-RE-2021-391-476
dx.doi.org/10.1016/j.acra.2016.02.011
dx.doi.org/10.1016/j.acra.2016.02.011
dx.doi.org/10.1186/s13244-019-0804-9
dx.doi.org/10.1186/s13244-019-0804-9
https://www.unav.edu/web/calidad-e-innovacion/foro-innova
https://www.unav.edu/web/calidad-e-innovacion/foro-innova
dx.doi.org/10.1186/s12909-018-1144-z
dx.doi.org/10.1097/MD.0000000000022430
dx.doi.org/10.1002/tl.330
dx.doi.org/10.3109/0142159X.2014.1001729
dx.doi.org/10.3102/00346543050002315
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0060
dx.doi.org/10.1186/1471-2288-11-100
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0070
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0075
dx.doi.org/10.1111/j.1440-1673.2006.01594.x
dx.doi.org/10.1111/j.1440-1673.2006.01594.x
dx.doi.org/10.1016/j.crad.2008.01.002
dx.doi.org/10.1016/j.crad.2008.01.002
dx.doi.org/10.1097/MD.0000000000010069
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0095
dx.doi.org/10.1007/s40670-020-01188-5
dx.doi.org/10.1007/s40670-020-01188-5
dx.doi.org/10.1097/ACM.0000000000001918
dx.doi.org/10.1097/ACM.0000000000001918
http://www.springerlink.com/content/nu37851452wh5204/
http://www.springerlink.com/content/nu37851452wh5204/
dx.doi.org/10.1016/j.rx.2022.09.010
dx.doi.org/10.1186/s13244-020-00856-9
http://scielo.isciii.es/scielo.php?script=sci_arttext&amp;pid=S1575-18132009000300004&amp;lng=es
http://scielo.isciii.es/scielo.php?script=sci_arttext&amp;pid=S1575-18132009000300004&amp;lng=es

Radiologia 66 (2024) 390-397

Romero J. Analisis psicométrico de las preguntas asoci- 29. Yuwono KT, Sujono HD. The effectiveness of E-learning:
adas a imagenes radioldgicas en el examen para médico a meta-analysis. J Phys Conf Ser. 2018;1140:012024,
interno residente en Espafa. Radiologia. 2019;61:412-29, http://dx.doi.org/10.1088/1742-6596/1140/1/012024.
http://dx.doi.org/10.1016/j.rxeng.2019.07.002. 30. Guskey TR. Lessons of mastery learning. Interventions That
28. Schuwirth LWT, Van der Vleuten CPM. Programmatic assess- Work. 2010;68:52-7 [Accessed 26 May 2023]. Available from:
ment: From assessment of learning to assessment for https://www.researchgate.net/publication/236273526
learning. Med Teach. 2011;33:478-85, http://dx.doi.org 31. Sobrino A, Naval C. Evaluacion formativa y nuevas tecnologias.
/10.3109/0142159X.2011.565828. Rev Cienc Educ. 2000;183:357-64.

397


dx.doi.org/10.1016/j.rxeng.2019.07.002
dx.doi.org/10.3109/0142159X.2011.565828
dx.doi.org/10.3109/0142159X.2011.565828
dx.doi.org/10.1088/1742-6596/1140/1/012024
https://www.researchgate.net/publication/236273526
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150
http://refhub.elsevier.com/S2173-5107(24)00006-5/sbref0150

	Teaching methodologies in the undergraduate teaching of radiology
	Introduction
	Innovation and new teaching methodologies
	Competence training
	Training in true critical thinking
	Promoting learner autonomy
	Building a sense of service
	Training in integrated and integrative knowledge


	Teaching methods or techniques
	Flipped classroom
	Team-based and cooperative learning
	Case-based teaching
	Problem-based learning
	Online teaching
	Teaching simulations
	Gamification or game-based learning
	Personalised tutoring
	Assessment

	Conclusion  final reflection
	Conflicts of interest
	Authorship
	References


